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Foreword

Groundwater is an invisible resource, a subsurface part of the natural water cycle. It constitutes
an important source of water supply for domestic, industrial, and irrigation uses. Groundwater
provides 50% of the present Kathmandu Valley water supply including extraction from both
shallow and deep aquifers. The groundwater of Kathmandu valley is under immense pressure;
about 20 million cubic meters is extracted annually. It is being heavily used for drinking and
other activities, by an ever increasing population resulting in a decline of its water level. The
groundwater quality in the Kathmandu Valley is contaminated due to polluted surface water,
leachate, and sewage. None of groundwater sources, such as dug-well, deep tube wells, stone
spouts, ponds, and piped water in the valley is guaranteed free from fecal contamination. Hence,
the challenges and opportunities for sustainable management of groundwater of the Kathmandu
Valley in the coming decades are so huge that appropriate policies and measures require the
cooperation of many disciplines.

This proceeding contains the report and presentation of the National Symposium on the
Challenges and Opportunities for Sustainable Management of Groundwater Resources of the
Kathmandu Valley, Nepal which was held in Kathmandu on 28 December 2009. The main
objective of the symposium was to identify quantitative, qualitative and legislative issues of
groundwater use in the Valley. The symposium also aimed to explore remedial measures to
improve quality of groundwater in the Valley. Experts on groundwater highlighted the over
exploitation of groundwater and its ever deterring quality in the Kathmandu Valley during the
symposium. All raised a common voice that the identified groundwater recharge areas are to be
preserved and this is only possible with strong legislations and their implementation. The experts,
representing various governmental and non-governmental organization, discussed the sustainable
management of groundwater of the Kathmandu Valley. They have expressed their opinion on the
tariff for groundwater extraction; they have a common voice that it is not a free resource.
Rainwater harvesting, preservation of recharge areas, tariff implementation and need of clear
categorizations of groundwater users and treatment of groundwater were discussed.

Groundwater, being a very important component of water resources of the Kathmandu Valley, is
to be addressed seriously. There is an urgent need of decision support system of integrated water
resources management in the Valley. The symposium is s noble start of networking and
discussion among the experts and organizations, who have serious concerns with the groundwater
of the Kathmandu Valley.

We hope that this publication will be useful to disseminate information about the groundwater
status, challenges and opportunities for sustainable management of the groundwater resources of
the Kathmandu Valley.

CREEW & SEN
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Opening Session

Welcome Speech

Mr. Sanjeev Kumar Dhungana
CREEW

Warm good morning to everybody!
Respected keynote speakers, paper
presenters, panelists, session chairs,
judges and winners of the
photography competition,
representative of different
governmental and non-governmental
organizations, media, colleges and
universities, other invited guests and
participants, hearty welcome to the
National Symposium on Challenges
and Opportunities for
Sustainable Management of
Groundwater Resources in the Kathmandu Valley, Nepal.

We, the symposium organizers, are delighted to have you valuable participation and inputs to the
symposium jointly organized by the Center of Research for Environment Energy and Water
(CREEW) and The Small Earth Nepal (SEN). Both CREEW and SEN are non profit making,
non-governmental organizations working in the field of water and other disciplines of the
environment.

The phenomenon of groundwater recharge is obstructed while the rate of haphazard over
exploitation is increasing day by day. If this situation remains for longer time period, it is believed
that Kathmandu valley will be deprived of groundwater after a century. So there is an urgent need
of sustainable management of groundwater resources of the valley.

We hope this symposium will be a milestone to uncover the quantitative, qualitative and
legislative issues of groundwater and address possible solutions for its sustainable use in future.

Your active participation and valued inputs are expected in this symposium to generate fruitful
outcome in desired direction.

Before I hand over to Ms. Kanchan Shrestha | would like to welcome you all once again. It is our
great pleasure to have you here today. Thank you very much for accepting our invitation.
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Introduction of the Symposium
Ms. Isha Manandhar
SEN

On Behalf of the organizing committee, | would
like to welcome you all once more to the
National Symposium on Challenges and
Opportunities for Sustainable Management of
Groundwater Resources of the Kathmandu
Valley, Nepal. We realize that the challenges
and opportunities for sustainable management of
groundwater resources in the coming decades
are huge hence appropriate policies and
measures are required through the cooperation
of many disciplines. Henceforth we have experts
working on various sectors of groundwater resources management gathered here so as to
identify the problems associated with groundwater resources management and find concrete
solution towards it. The main objectives of the symposium are:

e To identify quantitative, qualitative and legislative issues of groundwater use and find
remedial measures to improve quality of groundwater in the Valley.

o To identify groundwater recharge potential and prospects of artificial recharge along with
raising awareness on the current status and significance of groundwater in the Kathmandu
Valley.

Parallel to the symposium we have also organized a Nationwide Open Photography Competition

with the theme “Groundwater: today’s matter, manage it sustainably for better future”. The

competition was open from 13 December to 25 December 2009. The result of the competition
and the prizes to the respective winners will be announced and given in a while. Among the photo
entries, we have selected 20 best photos and put it on display for public view.

This symposium is just an initial step to achieve our objective. We aim to extend this program
further in the future .We are planning to publish a proceeding of the symposium. Moving on to
the main agenda of the symposium, we have inaugural session followed by two technical
sessions. The first session deals with challenges for ground water resources management and
comprises of 5 presentations. The session is chaired by Dr. Khada Nanda Dulal and Mr.
Jagadishwor Karmacharya.The second session is focused on opportunities for groundwater
resources management and comprises of 4 presentations. The session is chaired by Mr. Dhiraj
Pradhananga and Mr. Sanjeev Kumar Dhungana. The technical session will be followed by panel
discussion.

We have team of six panelists, experts working on different sectors of groundwater who will be
discussing on the issues like preserving the groundwater recharge areas, imposing tax/tariff for
groundwater extractors and groundwater treatment techniques. The session is moderated by Dr.
Sangam Shrestha, Asian Institute of Technology and will be concluded by Mr. Dhiraj
Pradhananaga, President, SEN.

I hope this symposium will be a great success.
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Prize Distribution of the Nationwide Open Photography Competition

Parallel to the symposium, a Nationwide Open Photography Competition with the theme
“Groundwater: today’s matter, manage it sustainably for better future” was also organized. The
competition was opened for 13 days from 10 December 2009 to 23 December 2009. The main
objective of the competition is to raise awareness on significance of groundwater and its current
status in the Kathmandu Valley, giving a platform to emerging photographers and find an
innovative way to address the environmental issues through the lens. Any amateurs who have
interest in photography including the professionals could apply for the competition.

The top five entries were selected by a panel of judges. Cash prizes and certificates were
awaedwad during symposium. Twenty top photos were displayed at the venue. The panel of judges
for the competition included Mr. Chandra Shekhar Karki (Nature Photographer), and Mr. Sarad
Rai (Photography lecturer, KU) and representative from CREEW and SEN.

The winners of the competition were awarded prizes during the symposium by Dr. Sangam
Shrestha, Mr. Sarad Rai, Prof. Futaba Kazama and Dr. Roshan Raj Shrestha.

The winners of the competition are as follows:

First: Mr. Subhadin Gautam
Second: Mr. Sisan Baniya
Third: Mr. Darpan Adhikari

Consolations:  Mr. Prajwal Bhattarai
Mr. Milan Budhathoki

3|Page



Keynote Speech
Rainwater Harvesting for Groundwater Recharge in the Kathmandu Valley

Dr. Roshan Raj Shrestha
Water for Asian Cities Programme, UN-HABITAT

-

~ Dr. Roshan Raj Shrestha represents UN
J— HABITAT, Water for Asian Cities
. Programme as a Chief Technical Advisor for
s South East Asia. He has a post graduate
degree in  Limnology (Institute of
@)J/Q‘ \ Limnology, Austria) and doctoral degree in
e Applied Natural Science (University of
5 ¢ Natural Resources and Applied Life Science
4 ﬁ in Austria). Dr. Shrestha has more than 20
8 years working experience on water and
4 ‘\“L sanitation sector. He has contributed to the

78 . . ..

& introduction of the household drinking water
treatment technologies, ECOSAN, Constructed Wetland Systems for Wastewater Treatment and
the ECO HOME concept in Nepal by incorporating rainwater harvesting, groundwater recharge,
waste water recycling, dry toilets and reuse of human excreta for crop production. Dr. Shrestha's
contributions have earned several national and international awards, including the Third World
Academy of Sciences Award in 2000 and the Kathmandu Metropolitan City Environment
Awards in 2004.

Abstract

The population of the Kathmandu Valley has almost doubled in the past few decades. To meet
the increasing demand, natural resources are overexploited, depleted and degraded. The residents
of the valley are tapping into the groundwater with rising intensity as they face acute water
shortages. The extraction of groundwater is six times higher than the recharge capacity; as a result
the water table is declining. With decline in water table, people have started using strong pumps
to extract the groundwater which have further aggravated the problem. The rising population has
contributed to increasing pollution, which has also contaminated the groundwater sources making
it unfit to drink. Urbanization, construction of housing complexes and apartments has further
added pressure on the groundwater resources which is extracted in huge amount absolutely free
of cost. The situation now is that most of the well, stone spouts, ponds in the valley have dried
up due to this unsustainable extraction and use of groundwater resources. We must search for
alternatives that help to reduce the pressure on the groundwater. One of the mitigation measures
to manage the groundwater resource can be rainwater harvesting, as rainfall (primary source of
water) in the Valley is quite high about 1900mm per year which can be stored and utilized to
meet the rising water demand.
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Groundwater and Climate Change: No Longer the Hidden Resource

Dr. Sangam Shrestha
Asian Institute of Technology, Thailand

Dr. Sangam Shrestha represents Asian
Institute of Technology (AIT) in Thailand as
an Assistant Professor. His teaching and
research expertise lies in climate change and
water resources, groundwater development
and management and integrated water
resources management. Dr. Shrestha is also a
Research Fellow of Institute for Global
Environmental Strategies (IGES), Japan and
a visiting faculty in University of Yamanashi,
Japan.

Abstract

Groundwater used to be a hidden resource that was out of site, people had to dig to get access to
it. However, today it is not. Due to ever increasing demand of freshwater either by population
growth or by lifestyles of people and due to climate change, the importance of groundwater is
increasing.

Analyzing the global use of groundwater (i.e. more than 50% groundwater used for drinking,
40% is being used by industries and rest 20% is being used for irrigation), we can easily deduce
that the groundwater use trend is increasing. Groundwater management includes many challenges
like land subsidence, decline in groundwater table, groundwater contamination from
anthropogenic and natural sources and salt water intrusion which are all results of over extraction
and use of the groundwater.

Kathmandu is also not away from these challenges of groundwater management; falling
groundwater table and contamination have been prevalent. Additional to this there is no clear
policies on groundwater management, there is no groundwater use right and enforcement of the
existing groundwater laws is also very weak. Beside this, although there are many organizations
working in the field of groundwater management, no coordination among them has been
observed. Also the lack of human resources who have clear knowledge on groundwater, lack of
database and monitoring system to check on the groundwater use and extraction have further
aggravated the problem.

There is also additional concern of climate change that will have major impact on the
groundwater use and availability. Rainfall being the primary source of all surface and
groundwater, the shift in the rainfall pattern and the amount of rainfall due to climate change will
have major effect on the groundwater storage and recharge. Also change on landuse pattern due
to the climate change will impact the groundwater recharge capacity and potential.
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Adaptation includes two main things — Mainstreaming adaptation concern in water or
groundwater management plan and increasing the volume of groundwater in aquifers.

The solution to these groundwater problems can be technological which includes water transfer
i.e. bringing water from the area having abundance water and rainwater harvesting techniques
etc. that focus on wise use of water, Institutional which includes regulating the people to
ultimately regulate the use of the groundwater use, Instrumental which focus on the policies
relating to the groundwater i.e. groundwater use right, rules and pricing of groundwater
extraction, and the Indirect approach which includes the policy arrangement beyond groundwater
because there are many factors that affect groundwater use like agricultural policies.
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Technical Session |
Chairs-Dr. Khada Nanda Dulal and Mr. Jagadishwor Karmacharya

Application of Stable Isotopes (D and *20) to Evaluate the Groundwater
Recharge Characteristics in Kathmandu Valley, Nepal

S. K. Chapagain?, S. Shrestha®, T. Nakamura?, V. P. Pandey®and F. Kazama®
International Research Center for River Basin Environment
University of Yamanashi, Japan
® Water Engineering and Management,

Asian Institute of Technology, Thailand
¢ Department of Ecosocial System Engineering
University of Yamanashi, Japan

Dr. Saroj Kumar Chapagain represents
International Research Center for River Basin
Environment (ICRE) and University of
Yamanashi, Japan as a Post-doc researcher.
Groundwater/Surface water quality,
Groundwater contamination and remediation,
Isotope hydrology are his field of research
interests.

Abstract

Overexploitation of groundwater has led to a severe decline in groundwater level and well yield
over the recent years in Kathmandu Valley. Therefore, understanding of groundwater recharge
system has become important for a sustainable groundwater use of this area. The previous
traditional hydrogeological methods adopted to study groundwater have not been sufficient to
delineate the groundwater recharge system. In this study, a first detailed investigation of stable
isotopes (D and 80) of water sources were made for the evaluation of groundwater recharge
characteristics. The values of 8D and 50 ranged -66.2%o to -43.6%o and -9.6%o to -6.3%o
respectively in deep groundwater and -59.7%o to -44.9%o and -8.2%o to -6.6%o respectively in
shallow groundwater. The 3D-8'0 plot of groundwater fell close to the constructed LMWL
(8D=8.25'0+9.5); and it has suggested the dominance of rainfall and the minimum effect of
evaporation during the recharge of groundwater in the basin. Groundwater dating (tritium-H
analysis) indicated the lack of modern recharge in deep groundwater; whereas, the chemical and
isotopic results suggested modern recharge and a relatively low residence time of shallow
groundwater. The stable isotopic composition was spatially varied in deep groundwater; whereas,
the dominance of lighter stable isotopes towards the edge of the basin suggested the origin of
deep groundwater from high altitude recharge; however, there was a minimum effects of such
high altitude recharge towards the central part of groundwater in the basin. The study suggested
protection of the high altitude areas from the human intervention, and need to be managed for
enhancing the natural recharge of deep groundwater in the basin.
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Enumeration, Mapping and Water Quality Assessment of Traditional Stone
Spouts in Kathmandu Metropolitan City

Ms. Pramita Maharjan?® and Prakash Chandra Amatya®
& Central Department of Environmental Science, Tribhuvan University, Kirtipur
®PNGO Forum for Urban Water and Sanitation, Nepal

Ms. Pramita Maharjan represents NGO
Forum for Urban Water and Sanitation as a
Liaison Officer. She holds a Master's
degree in Environmental Science from
Tribhuvan University, Kirtipur.

Abstract

The study was carried out to enumerate and
map traditional stone spouts in Kathmandu
Metropolitan City (KMC) and identified ¥
165 numbers of traditional stone spouts. While in Lalltpur Bhaktapur, Klrtlpur and Madhyapur
Thimi, there were 61, 87, 11 and 65 stone spouts respectively. Altogether 165 stone spouts in
KMC among which 59.4% of the spouts are in working condition, 20% do not exist and
remaining 20.6% of the spouts are in not working condition. The stone spouts are not equally
distributed in all the wards. Maximum no of spouts is found in ward no. 35 and minimum number
of spouts is found in ward nos. 2, 11, 13, 22 and 30. The wards not having stone spouts were 23,
24, 25, 26, 27 and 28. Gyan Dhara had the highest discharge rate of 70243.9 LD in wet season
whereas Kaldhara and Pandheri Dhara had the lowest discharge.

The physio-chemical and microbiological analyses of the 50 water samples from stone spouts of
KMC in two different seasons- wet (July- August) and dry (October — November). The pH of
26% of water samples were below WHO guideline value. Similarly, 28% of water samples were
found to exceed WHO guideline value for iron content. Appearance of iron in spout water does
not possess adverse health impact, but still the excess iron concentration makes the water
yellowish colour, so it has to be treated well to make it acceptable for drinking. Hardness and
chloride content of all water samples were within the WHO guideline value. The value of nitrate
was within the limit of WHO permissible value for drinking water. Almost all the spouts water
were found to be microbiologically contaminated with coliforms which may be due to infiltration
of various kind of pollutants, domestic waste water, industrial waste traveling in the ground water
and contaminating the underground environment.

Kathmandu, the only metropolitan city of Nepal, is facing water crisis. Its area is 50.67 sg. km
and is divided into 35 municipal wards. The total water demand is about 96 million liters per
day whereas the supply is less than 60 million liters per day a (KUKL, 2008) which is insufficient
for the total population of 671846. Water has become a serious problem for the people of
Kathmandu both in terms of quantity and quality. Current water demand of the city has increased
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tremendously because of the rapid growth of population and urbanization. Therefore people have
to depend on various traditional sources such as tube well, wells, stone spouts.

Traditional stone spouts are probably the oldest methods of using local water sources, which is
still in excessive use due to depleted water supply from pipeline system. The city has preserved
a large number of traditional stone spouts from Licchavi Period (500-800 A.D). The value and
importance of the traditional stone spouts is declining due to haphazard urbanization and
unplanned construction, therefore policies formation regarding traditional stone spouts
conservation, preservation and maintenance should be done.

Regulatory Framework on Groundwater in Nepal

Advocate Basanta Adhikari
Pro Public, Nepal

Mr. Basanta Adhikari represents Pro
Public as an advocate. His area of interest
is environment and water law, public
interest litigation, legal protection of
refugees, and human rights.

Abstract

The rapid and haphazard over extraction
of groundwater illegally has increased
resulting in depletion of groundwater
resources, low recharge of the
groundwater and declining groundwater table. To continue groundwater as a sustainable
resource, existing legislations should be implemented effectively and also need specific and
comprehensive regulatory framework for groundwater use and extraction is necessary.
Regulatory framework could be in the form of license for groundwater extractors, limitation on
ground extraction level or tariff system to control commercial extraction and use. Analyzing the
rate of groundwater depletion and extraction, legislation for sustainability of the groundwater
resources and appropriate legislation should be formulated. Recently, in a case, the Supreme
Court areport has given a verdict to implement licensing requirement and arrange use of recycled
water by business
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Groundwater and Food Security

Mr. Madhukar Upadhyaya
Institute for Social and Environmental Transition-Nepal (ISET-Nepal)

Mr. Madhukar Upadhyaya represents Institute
for Social and Environment Transition as a
Research Director. He is currently involved in
Local Water Management and is also a
professor at SChEMS (School of Environment
Management and Sustainable Development).

Abstract

Though human society used groundwater by
making wells and karaz for thousands of years,
it was only in the second half of 20" century
that this source became one of the key components of development. Exploitation of groundwater
was at the core of the green revolution in Asia (1965-1985) that provided food security to millions
of people. Cereal production doubled in just two decades, which helped maintain food price and
improve livelihood of nearly two billion people. Contrary to the common belief that groundwater
could be harnessed unlimited, researchers believe that penalty of over-exploitation is now coming
due, and the results could be catastrophic, first for the most populous countries (Seckler et al.
1998) and eventually to many others. In China and India alone, 130 and 175 million people
respectively are being fed by over pumping of aquifers. Saudi Arabia has already planned to stop
its wheat farming from 2016 as its groundwater has depleted severely. With current state of
groundwater use and the level of dependency on it for food production, the global food security
will come under intense pressure if countries such as China begin to import even a small portion
of its food requirement from international market. Hence, though groundwater is local its
implications are not local but global.

Increasing number of districts in Nepal are reporting food shortages (WFP, 2009). The rising
number of squatters, landless, forest encroacher, and travelling labour are also indicators of food
problem. The shortage so far has been met by food produced in Terai. Given the changing food
habits and the economic base of society, meeting demand of water intensive food is a major
challenge for water managers. The emerging climatic pattern indicates that agriculture in general
is likely to suffer a serious setback in the coming days. The food shortage for 2010 is estimated
to be about 400,000 tons (GoN, 2009) as the long drought and delayed monsoon hampered food
production in 2009. That considered as a major shift in climate of the region, pressure on
groundwater in Terai will increase to meet future food requirement. The additional challenge
related with groundwater is that it is limited, its level declining, and its monitoring is also
difficult.

Problems associated with over-abstraction of groundwater in Kathmandu valley is a wake up call
to look at the larger picture of this valuable resource. Falling groundwater in the valley and
examples from other countries where falling groundwater has affected food production, are
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signals that warn us in using groundwater to meet future food requirement. Besides using it
prudently, there is a need to consider groundwater in its wider perspective. This can be done by
considering groundwater augmentation through proper management of green water (soil
moisture) in the catchment (Upadhyaya, 2009). The conventional approach of managing blue
water (springs, streams and rivers) only has ignored the crucial role that green water (soil
moisture) plays in maintaining groundwater. Theoretically, increased green water storage time
and space increase groundwater availability. However, a clear understanding of area specific
(hills, valleys, plains) groundwater situation, assessment of inflow and outflow (extraction) and
mechanism to monitor recharge and depletion is required to promote the concept. In addition,
further discussion would be necessary to help develop policy and mechanism to mobilize
incentives (David and Kauffman, 2009) from the blue water users to green water managers.
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Technical Session 11
Chairs: Mr. Dhiraj Pradhananga and Mr. Sanjeev K Dhungana
Research Work for Groundwater in Kofu and Kathmandu

Prof. Futaba Kazama
Department of Eco-Social System Engineering, University of Yamanashi, Japan

Dr. Futaba Kazama is a Professor in International Research ; - B
Center for River Basin Environment (ICRE), ~wi. o - Snoo s
Mes B k aley, Nepat

Mmangc

Interdisciplinary Graduate School of Medicine and
Engineering, University of Yamanashi, Japan. She
received D.Eng. Degree in Environmental Chemistry from
Hiroshima University, Japan. Her research interest resides
in water, and lake water. Currently, she is sub-leader of
‘Environmental Dynamics’ Typology Group in Global
Center of Excellence (GCOE) Program of University of
Yamanashi.

Abstract

For sustainable use of groundwater resources, it is important to understand availability of
groundwater, direction of groundwater flow, identification and protection of rechargeable areas,
and development of affordable technology for groundwater treatment to safeguard the public
health. To enhance understanding of groundwater systems by means of scientific researches, The
Global COE Program of University of Yamanashi (UY-GCOE) is carrying out research activities
in Japan and abroad. This paper highlights the research activities in Kofu in Japan and
Kathmandu in Nepal.

In geologically complex and fragile Kofu River (KRB) in Japan with very steep river slope,
where alluvial fan area of the basin has river bed higher than the surrounding area, sources of
shallow groundwater were identified by analysing major dissolved ions using ion chromatograph
and water — oxygen and hydrogen isotope ration using mass spectrometer. Further application of
similar approach in Kathmandu Valley in Nepal by analysing organic, inorganic carbon, heavy
metal, arsenic, basic cation and anion and stable isotope of deep and shallow groundwater
suggested the poor- connectivity of shallow and deep aquifers in the valley. These results
demonstrate the potential of geochemical and isotopic analysis for identifying recharge
characteristics. Presentation of such information on an easily understandable map enhances
visualization of groundwater and its recharge system for decision maker and the public.

Further analysis of water demand and estimated groundwater storage potential above the water
table suggests that additional storage in Kathmandu Valley, if could be filled fully by means of
artificial or managed recharge, could meet water demand for nearly four years. However, high
ammonia content in the valley’s groundwater is a limiting factor for usability of available
groundwater resources. Various pollutant sources and its process of diffusion affect the
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groundwater quality and its method of treatment before use. For the purpose of ammonia removal
from the valley’s groundwater resources, our research demonstrated that bioprocess to be the
most suitable methods for the treatment compared to other expensive and complex treatments.

Based on the highlights provided in this paper about research activities and achievements of UY -
GCOE, we can conclude that sustainable utilization and management of groundwater resources
requires great effort for continuous generation of scientific knowledge about groundwater
system; and strong collaborative efforts may help to achieve this objective in efficient manner.

Potential for Shallow Groundwater Recharge from Rainwater in the Kathmandu Valley
under the Perceived Impacts of Climate Change

Dr. Suresh Das Shrestha
Urban Environment Management Service (UEMS)
Central Department of Geology, Tribhuvan University

Dr. Suresh Das Shrestha represents Central
Department of Geology, Tribhuvan University as an
Associate Professor. He has received his Doctorate
degree from Osaka City University, Japan and is also
a Fulbright Post Doctor Fellow. He is a member of
Climate Change Council and an advisor to the minister
for environment since 2009. His area of interest is
studying the possible impact of climate change on
groundwater resources and formulating policies for
groundwater extraction for KUKL and Studying the
impacts of rainwater recharge on shallow groundwater in Patan area.

Abstract

Groundwater, which has been a sustainable source for centuries in the Kathmandu Valley, was
extracted traditionally using mainly dhungedharas (stone taps) and rower pumps by the general
public. Excessive utilization of groundwater resources have resulted in rapid lowering of
groundwater level in the Valley resulting in drying up of the wells. Although only 379 deep tube
wells have been recorded, approximately 700 deep tube wells are estimated to be in operation.
These are mainly for commercial uses to meet the growing needs of the haphazard urbanization.
The number of houses in the Valley has tripled since 1971, sealing the infiltration areas for
groundwater recharge. Erratic rainfall patterns and extended dry periods, attributed to climate
change, are expected to have negative consequences for the groundwater in the Valley. To face
such challenges, adaptation measures need to be explored such as exploitation of hard rock
aquifers in the southern valley, installation of infiltration dams in the north, rainwater collection
and recharge and rehabilitation of identified infiltration ponds. Extensive rainwater harvesting
and recharge program need to be launched in the water stressed areas to minimize the impact
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from decreasing groundwater level. Long term and effective policy are also necessary for
effective utilization of groundwater

Policy framework for Rainwater Harvesting in Urban Nepal

Mr. Prakash Chandra Amatya
National Steering Committee on Rainwater Harvesting, Ministry of Physical Planning
NGO Forum for Urban Water and Sanitation

Mr. Prakash Chandra Amatya, is a member secretary to the National Steering Committee on
Rainwater Harvesting under the Ministry of Physical Planning and Works, Government of Nepal.
He is an executive director to the NGO Forum
and holds EMBA, M. Sc. in microbiology and
PGD in Environmental Management. He is a
visiting faculty at School of Environmental
Management and Sustainable Development.

Abstract

The groundwater of Kathmandu is heavily
extracted and the recharge area is also
decreasing. The drying stone spouts and
depleting dug wells are clear indications. The
alternative solution to conserve the water shortage is rainwater harvesting which is mostly
ignored until recently. Kathmandu receives maximum amount of rainfall during the monsoon
season. This rainwater can be tapped and utilized for drinking and other purpose after appropriate
treatment. Rainwater harvesting can also be used to recharge the drying groundwater sources. In
Nepal the rainwater harvesting technique promotion began from 2002 through awareness
campaign organized in five different schools. In January 2006 National Conference on Rainwater
Harvesting was organized and hosted along with the Ministry of Physical Planning and Works,
other concerned government agencies and UN Habitat Water for Asian Cities. During this
conference the government acknowledged rainwater harvesting to be adopted to recharge the
groundwater sources. Later Department of Urban Development and Building Construction also
formulated building construction guidelines that emphasized on rainwater harvesting.
Kathmandu Metropolitan City also announced to provide 10 percent rebate on building permit
upon installation of rainwater harvesting system in the household and similarly, the Dharan
Municipality decided for 30 percent rebate. In June 2009, working policy on Rainwater
Harvesting was approved by the government of Nepal with the goals to contribute in protection
of environment, improve quality of life, strengthen socio economic development, minimize
scarcity of water and recharge the groundwater sources

Status of Groundwater Condition in Kathmandu Valley
and its Potential Impacts
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Mr. Naba Raj Shrestha
Department of Irrigation

Mr. Naba Raj Shrestha represents Department
of Irrigation, Groundwater Division as a
Senior Hydrogeologist. He has also been
involved as geologist in Department of Mines
and Geology. He has received Post Graduate
Diploma in Exploration Geophysics from
International Institute Aerial Survey and
Earth Sciences, Netherlands and another Post
Graduate Diploma in Petroleum Exploration
and  Management  from  Trondhiem
University, Norway. He has received his M.
Sc. degree in Geophysics from Banaras Hindu
University.

Abstract

The impact of groundwater extraction in the Kathmandu Valley can be divided into different
phases. The impact was negligible up to 1983 as the extraction was limited. Water demand was
fulfilled by surface sources. Groundwater extraction was made from few tube wells, dug well
and dhungedharas only. Population in the Valley increased with the development,
industrialization and urbanization and sharply raised the demand for water. Nepal Water Supply
Corporation developed well fields to supply drinking water to the increasing population. Number
of private tube wells and commercial extractors also grew. Hence after 1984 the impact on the
groundwater resources became clearly visible and is increasing faster since then. In 2004, records
showed that the daily overdraft of groundwater was about 20 MLD. The decreasing recharge
areas and declining groundwater table have already resulted in drying of shallow tube wells and
the later one can result in land subsidence as well.

The groundwater quality is deteriorating due to leaching of contaminants from improper waste
disposal by factories, industries and households. Hence for better management and conservation
of the groundwater resources rainwater harvesting, infiltration dams and artificial recharge
techniques can be used. Other water sources like hard rock aquifers and karst aquifers need to be
explored. Regular monitoring of the groundwater quality and water level should be made.
Formulation of policy and guideline for investigating, monitoring and licensing and regulating
groundwater are also integral part of groundwater sustainability.
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Panel discussion

Challenges and Opportunities for Sustainable Management of Groundwater
Resources of the Kathmandu

Mr. Dhiraj Pradhananga framed the questions for the panel discussion. There were three major
guestions for the panel discussion which would solve the present problems of groundwater to
some extent.The gquestions were:

1.

How to preserve the ground water recharge areas for the Kathmandu valley?

Some potential groundwater recharge areas for Kathmandu Valley have already been
identified. Remedial policy plans and actions and organizations and roles for the preservation
of groundwater recharge area have to be identified.

How to enforce tariff and/or tax for groundwater extractors?

How the tariff should be imposed, whether it should be pre-use or post-use. How should it be
monitored?

How to promote and implement groundwater treatment techniques?

There are serious concerns related to groundwater treatment; not only shallow water but also
deep groundwater is contaminated.

Mr. Pradhananga handed over the session to Dr. Sangam Shrestha to moderate the session.
Panelists of the discussion were:

1.

ok wn

Dr. Suresh Das Shrestha, UEMS and Central Department of Geology, Tribhuvan University,
Nepal

Mr. Basanta Adhikari, Pro-Public, Nepal

Mr. Naba Raj Shrestha, Department of Irrigation, Nepal

Prof. Futaba Kazama, University of Yamanashi, Japan

Dr. Narayan Upadhyaya, ENPHO, Nepal

Mr. Indra Kumar Maharjan, KUKL, Nepal
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Each of the panelist were asked for their opinions on the above three questions. The entire panelist
expressed their view on the three questions and came up with strong recommendations.
Following are the views of the panelist.

Dr. Suresh Das Shrestha:

Regarding the first question on how to preserve the ground water recharge areas, Dr. Suresh Das
Shrestha focused on:

Potential recharge areas for shallow and deep groundwater are already identified but
unfortunately these are the areas that are being rapidly developed. Planned development in these
areas for groundwater recharge is needed. The practice of sealing the entire surface area should
be discouraged. Regulations should be in place for landowner to maintain effective groundwater
recharge by rainwater. Policies for monitoring the regulations should also be formulated. The
whole of the Kathmandu Valley has potential for shallow groundwater. Thus future construction
activities should have mechanisms for rainwater harvesting and recharge pits.

To the second question on how to enforce tariffs or tax for the ground water extractors, he opined:
Currently, only deep tube wells are taxed, which is also nominal. Any commercial use of the
Groundwater should be discouraged and tariff should be imposed on all uses. For any commercial
use, the size of the extraction should be monitored and charged according to the use and size of
the well. The extractors should have the permission for the extraction, should be registered and
must have the license. The renewal of the license must be checked regularly. Large quantities of
groundwater extractors and users such as apartment and housing and complexes and industries
should be charged higher tariffs. However, they are still not identified as commercial user even
though in most cases, groundwater is their only source of water. Although, it is said that there
are 700 wells, the data is not clear as the extraction of groundwater is not registered.

To the third question on how to promote and implement ground water treatment techniques, he
opined that the people are unaware about the groundwater quality they use daily. They also do
not realize the importance of the treatment system. Even if the importance is felt, they are not
sure how to get the water test and or able to bear the costs of such testing. So as the solution to
this problem, he recommended that:

o  People should be made aware about the quality of the water and its importance.

o  Develop simple and easy water testing and treatment kits which can be used by the local

people themselves; especially during monsoon season.

Mr. Basant Adhikari:

According to Mr. Adhikari, the reason for the groundwater depletion is due to lack of policy for
ground water use. The haphazard construction in the valley has disturbed areas that have recharge
potential. Regarding the first question, Mr. Adhikari focused on the need for laws and policy for
the protection of catchment and watershed area. Groundwater recharge should be strengthened
by properly harvesting rainwater and directing it to the recharge pits.

To the second question on how to enforce tariffs or tax for the ground water extractors, he opined
the commercial use of water should be charged. Licensing and monitoring is essential to regulate
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tariff and taxes. In addition, there should be limits on ground water extraction to maintain
sustainability. However, the water to fulfill the daily basic needs should be available to everyone
without any cost. However, it is desirable to put quantity limitation on such extraction to avoid
misuse in the name of domestic use. There should be a mechanism in place to channel the fund
from commercial groundwater use to improve the access of those impoverished.

To the third question on how to promote and implement groundwater treatment techniques, he
opined that appropriate groundwater treatment techniques should be researched and developed
by the scientific and social community and identified techniques should be recognized by law.
There should be mandatory requirement for waste water treatment by big commercial complexes,
industries and housing companies.

Mr. Naba Raj Shrestha:

Mr. Naba Raj Shrestha agreed to Dr. Suresh Das Shrestha and Mr. Basanta Adhikari on
identifying the potential groundwater recharge areas and protecting them from any form of
encroachment. In Pakistan such recharge area is protected and there was positive response in
maintaining groundwater level from depletion. There is need for considering groundwater
recharge in two perspectives. Shallow groundwater recharge is easy and quick. Only
requirement is the availability of potential recharge area. Hence efforts should be made not to
reduce the groundwater recharge area. The paved areas inside individual and organization
premises should be discouraged. On the other hand, deep aquifers exist below thick clay layer in
Kathmandu, which make infiltration and traveling of water to aquifer very slow and taking
unusually long time period. Hence natural recharge of deep aquifers is practically impossible and
artificial recharge is the only reasonable way and hence should be explored. One way for artificial
recharge is to utilize the deep tube wells, which reaches the deep aquifers.

Mr. Shrestha pointed that the water is a basic human need and drinking should be given the first
priority. He emphasized that lack of laws and tariffs on groundwater use and management has
promoted its use for commercial purposes. The extraction of groundwater for commercial use at
least in the valley should be banned.

Regarding treatment techniques, he suggested focusing on deep aquifers rather than shallow
aquifers. Identification of contaminated deep aquifers is necessary and their use should be
determined according to the level of contamination. As treatment of groundwater is expensive,
relevant organizations should take the lead in groundwater treatment for safe drinking water.

Prof. Futaba Kazama:

During the discussion Prof. Kazama shared some experiences from her country Japan. She
emphasized that groundwater is a natural resource and should be accessible by everyone. But to
sustain the quality and quantity of groundwater a nominal tax should be charged. It is important
not only to collect the tariffs but also develop a goal and a system on how the funds generated
will be utilized. This would ease the collection of tariffs. Collection of tariffs for the identified
goals is also an opportunity to increase awareness to the public on the significance of
groundwater, its treatment and sustainability.
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Dr. Narayan Upadhyaya:

Dr. Upadhyaya discussed the degrading groundwater quality. He shared that only a few decades
ago the groundwater quality met WHO standards. However, recent water quality testing of the
well and stone spouts of the valley show that most of them do not meet the national standards.
Regarding the first question, he noted that the further urbanization of the valley will directly
impact the groundwater quality and quantity. Government should also give priority to
formulating policies and implementing them to provision license, regular monitoring of the
extraction of groundwater and the quality.

He highlighted the increasing contamination of manganese in the groundwater which requires
expensive treatment methods compared to other contaminants such as ammonia, nitrate and iron.
To prevent exacerbation of the situation, over extraction of the groundwater has to be controlled.

Mr. Indra Kumar Maharjan:

Mr. Indra Kumar Maharjan from Kathmandu Upatyaka Khanepani Limited (KUKL) agreed rapid
urbanization and construction has to be checked as one of the first steps to prevent further
deterioration of groundwater in the valley. It is becoming increasing difficult to preserve the
groundwater recharge area such as Bansbari, Bode and Manohara. Artificial groundwater
recharge has to be considered for deep aquifer recharge. There are around 20 deep tube wells that
are not in operation which could be utilized for artificial recharge. All stakeholders must come
together to preserve groundwater and use it sustainably.

He drew attention to the bureaucratic system that requires a significant amount of paper for
establishing any organization but almost none for utilizing one of the most valuable resource,
groundwater. The tariff system should be such that it encompasses the variation in depth and
extraction amount. Institutionalization of the committee along with appropriate policy, tariffs and
monitoring is necessary. Considerable work is also needed in updating the current status of the
groundwater; although 700 deep tube-wells are reported there is information of only 339 deep
tube-wells.

He shared that his organization is using isolation treatment for iron removal and central removal
for ammonia removal. He stressed that Nepal needs to develop a culture of research and
collaboration between colleges, universities and organizations such as industries and corporate
houses.

After the panelists shared their views on the proposed questions Dr. Sangam Shrestha posed the
question to the panelists on the failing enforcement of the laws relevant to water resources.

To this question, Mr. Adhikari said - although Nepal has one of the best policies proper
regulations are not in place for the implementation those policies. In some cases the policies are
also formulated in the interest of the donor and do not fulfill the needs of the other stakeholders.
There is also lack of ownership of formulated regulations as they are prepared by consultants
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working for the donor agencies. He also gave an example of wide implemented property right
policies as there was no donor intervention.

Referring back to the technical session, Dr. Sangam Shrestha asked panelist views on whether
KUKL should be categorized as an individual user for commercial user.

Mr. Adhikari opined that KUKL should be categorized as the commercial user among the three
categories of users currently framed by the laws, which are individual, collective and commercial.
According to the current legislation the Nepal Water Supply Management Board and KUKL have
been formed to serve the public, but they have to be licensed to use the water. However, the
licensing is not enforced. The categorization can be discussed as the water is being used by
individuals.

Mr. Maharjan elaborated the recent changes in legislation restructuring in the water utility to the
water management which established Kathmandu Valley Water Development as the overall
regulator. KUKL functions only as an operator which extracts water and supplies to the public.
The Tariff fixation committee which assigns the tariff for the water that is supplied by KUKL.
As KUKL cannot regulate the price of the water it supplies like the bottle water companies it
cannot be considered as a commercial user of groundwater. Thus, KUKL has categorized
different than individual or commercial user.

Dr. Sangam Shrestha questioned the feasibility of imposing an indiscriminate tax on public to
Dr. Suresh Das Shrestha. Dr. SD Shrestha explained that it might be more feasible for commercial
users such are housing complexes and bottling industries to take the responsibility of supplying
water to their surrounding water. This would lessen the responsibility of KUKL to supply water
to those areas.

Dr. Upadhyaya opined that the taxation system should be based on the similar principle as the
polluter pay principle. Mr. Maharjan emphasized that there should be clear policy on how the
tariff will be used to preserve groundwater.

Dr. Sangam Shrestha summarized the panel discussion and highlighted the key findings.

o Government should have clear policy and regulation on land use to preserve groundwater

o Tariff should be imposed on commercial users.

e Over extraction of groundwater has to be regulated to maintain the groundwater quality.
Simple water treatment techniques at the point of use should be promoted.
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Closing Session

Concluding Remarks
Mr. Dhiraj Pradhananga
SEN

Mr. Dhiraj Pradhananga (SEN) concluded the
symposium summarizing the entire gist of the
technical session and panel discussion session of the
symposium. He highlighted the key conclusions and
recommendations of the entire technical session as
well as the panel discussion.

The key recommendations from both the technical
sessions were that collaborative research is needed to
understand and to conserve the groundwater
resources in the Valley. Framework policy that
encompasses regulatory mechanisms for maintenance of water reservoirs and its sustainable use
is required.

The panel discussion stressed the need for strong legislation and implementation on rainwater
harvesting, preservation of groundwater recharge, and tariff for commercial groundwater use. A
clear categorization of groundwater users and treatment of groundwater were also discussed.
Addressing the various issues of the groundwater necessities a decision support system for
integrated water resources management in the Kathmandu Valley.
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Ms. Kanchan Shrestha
SEN
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e Dr. Roshan Raj Shrestha, Water for Asian
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e Mr. Basanta Adhikari, Pro-Public, Nepal
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Mr. Prakash Amatya, NGO Forum, National Steering Committee on Rainwater Harvesting

Mr. Madhukar Upadhyaya, ISET-Nepal

Ms. Pramita Maharjan, NGO Forum

Dr. Saroj K. Chapagain, University of Yamanashi, Japan

Mr. Indra Kumar Maharjan, KUKL

Our sincere thanks go to all the participants of the symposium for their presence and input. We
express appreciation to our rapporteurs Ms. Maneesha Shakya and Mr. Shakti P.C. We would
also like to acknowledge the judges for the photography competition “Groundwater: Today’s
Matter, Manage it Sustainably for Better Future”, Mr. Sarad Rai and Mr. Chandra Shekhar Karki
for sparing their time and effort. We would like to congratulate all the winners of the competition
once again and also thank all the participants that submitted their photo entries for the
photography competition.

Our heartfelt thanks also go to all the volunteers and the team who have worked tirelessly for
over a month to put this symposium together: Ms. Isha Manandhar, Mr. Chakshu Malla, Mr.
Ishwor Barakoti, Mr. Madan Adhikari, Mr. Prakash Shrestha, Ms. Sunita Khatiwada and Ms.
Sangeeta Maharjan. We express our gratitude to Mr. Poojan Bhandari, Mr. Arun Prasad Bhattarai
and Mr. Jeeban Panthi for their contribution during the symposium.
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Annex |: Presentation Slide

Rainwater Harvesting for Ground Water
Recharge in Kathmandu Valley:
Potentials and Challenges

Dr. Roshan Raj Shrestha
Regional Technical Advisor, South Asia
Water for Asian Cities Programme

April 06, 2009
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Heavy Extraction of Ground Water

+ Groundwater abstraction rate is 6 times
higher than the limit of its abstraction
resulting in lowering of groundwater table 2.5
meters every year (MPPW, 2002).

Arsenic, Ammonia and Nitrate detected in
deep aquifer from many parts of the valley
(ENPHO, 2005).

Shallow groundwater aquifer which feeds
water to dugwells, handpumps and
traditional stone spouts is also vanishing due
to sealing of ground surface and destruction
of recharge basin due encroachment from
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Kathmandu Valley Water Supply &
Demand

+ Current water demand of the
Valley is about 280 MLD.

*  Only about 86 MLD supply in
dry season

« 105 MLD supply in wet
season
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Alternative Water Sources

Pond

Dugwell

UNGHABITAT

FOR A FETTER URRAN FUTuR

UN@HABITAT

558 A HEFIER LENAN P TUSE

24|Page



UNGHABITAT

ATRTTER URRAN FUTORE

Rainwater is the Primary Source of Water
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In South Australia, 42 % of the population drink rain
water.

In Bangladesh, rainwater is one of the major
alternative options for drinking in arsenic affected
areas.

In Germany, 50,000 Rain water harvesting systems
are installed every year.

In Singapore Changi Airport, each month, 63,500
tons of rainwater is used for flush toilets and to cool
the terminal buildings, such water accounts for 28 to
33 % of the water used, resulting in saving of
approx USD 390,000 per annum. Similar, concept is
also adopted in Frankfurt Airport in Germany

King Parakramabahu 1
(1153-1186) — Sri Lanka
said that “/et not one drop
of water that falls on the
earth in the form of rain
be allowed to reach the
sea without being first
made useful to man”

1 UN@GHABITAT

Gansu’s province, China is one of the direst and
poorest states in China where an annual
precipitation of 300mm supplies water for 2
million people and supplementary irrigation for
236,400 hectors of land.

In India, it has been used extensively to directly
recharge groundwater at rates exceeding natural
recharge condition resulted in groundwater level
increases from 5 to 10 meters in just two years.
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Potential of Rainwater Harvesting in
Kathmandu Valley

The average rainfall in the Kathmandu Valley is
estimated around 1900 mm: more than twice the
world average.

Approximately 1.2 billion m3/year or 3353 MLD
of rainwater falls in the 640 sg.km Valley.

This is about 12 times the present water demand
(102 million m3/year) and nearly 20 times times
the expected water supply from the Melamchi
Water Supply Project (170 MLD)

If only 10% of the Kathmandu Valley area is to
be utilised for rainwater harvesting, 128 million
cubic metres per/ year could be recharged
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Collection of Rainwater in tanks and Jars
May not be solution for Kathmandu
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Present Challenge is how to store and
collect Rainwater ?
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Rainwater in Kathmandu
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Rainwater harvesting system
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Role of Researchers

Monitoring of Groundwater Quantity and Quality
Impact on Aquifer due to Recharge
Identification of Recharge Zone

Simple techniques on Nitrogen Removal
(Ammonia and Nitrate)

Support in Development of Groundwater
Regulation Policies
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RWH Mandatory in India

all new buildings with a roof area of more than 100
m2 (Delhi), 250 or more (Indor), 300 m2 (
Hydrabad and state of Andra Pradesh),

all new buildings irrespective of roof area (Haryana,
Chennai), and all plots with an area of more than
1,000 m? that are being developed(Delhi, Mumbai
and Kanpur).

for all public establishments (Rajsthan and Gujrat)
and all properties in plots covering more than 500 m?
in urban areas (Rajsthan)

for residential complexes including apartments on a
plot area of 2,000 m? and above, commercial
complexes on a plot area of 1,500 m? and above and
industrial units on a plot area of 10,000 m2 and above
(Goa)

Challenges

* Make the citizen responsible

e Ground water extraction regulation

e Rainwater ting policies and its
Groundwater Recharge vs. Water Quality

¢ Groundwater Recharge Techniques and Recharge

Zone

Research and Development
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India

e Rebate of six per cent offered on property tax for
implementing RWH in Indor

New water and sewer connections provided only
after implementation of rainwater harvesting
systems in Chennai

An annual award for the best rainwater
harvesting practice in Goa

Financial assistance up to 50 % of the total cost
of project for Housing Societies in Delhi adopting
RWH in worst affected areas.
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Other Examples

* Sumida City offers subsidies up to ¥1 million (US
$7,500) per rainwater utilisation project
* Local governments of Takamatsu City, Toyota
City, Kamakura City and Kawaguchi City have
begun subsidising or providing loans for RWH
Loans of $ 200, repayable over a 3 years of period
covered not only the cost of RWH tank also some
income generation activities in the Philippines
Changi Airport Singapore saves approx. S$
390,000/year of water bill by installing RWH.
Similarly experience with Frankfurt airport
Construction of over 10 million 1 - 2 cubic meter
ferrocement jar in Thailand between 1985-91.

Other Examples

Gansu'’s province, China, with an annual
precipitation of 300mm supplies water for 2 million
people and supplementary irrigation for 236,400 ha
of land

In Germany grant of $600 to $1200/HH and
further subsidy of $3/m2 of roof area linked to
recharge pit.

Annual charge of $1.5/m2 land where rainwater
flowed into sewerage network in Berlin.

Austin Texas : 30% subsidy for cisterns Clpto $500
and sells rain barrel below actual cost.

Commercial entities eligible upto $40,000 rebate
and provides property and sales tax exemptions
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Groundwater and climate change:
No longer the hidden resource

Sangam Shrestha
Water Engineering and Management (WEM)
School of Engineering and Technology (SET)
Asian Institute of Technology (AIT)

¥ Globally, groundwater provides

= ~ 50% of current potable water
supplies (serving nearly 2 billion
people)

= ~ 40% of self-supplied industry

= ~ 20% of water use in irrigation

¥ Groundwater use trends in Asia

= Philippines: Industrial and domestic use increased
annually by 14% and 11.5% resp. (1988-2001)

* Ho Chi Minh City, Vietnam: Groundwater withdrawal
steadily increases, 34% of total demand

= Tianjin, China: exploitation (1991-2002) has
exceeded safe yield in most districts

1. Importance of groundwater

2. Current groundwater management challenges

3. Impacts of climate change on groundwater
4. Adaptation strategies to manage groundwater

5. Conclusions and future issues

¥ Asia and the Pacific, groundwater

= provides drinking water to nearly 32% of population

= serves as a major source of irrigation water use
+ ~60% of the total agricultural water use in India
* ~50%, 50%, 65% and 70% of total agriculture
water supply in Shangdong, Henan, Beijing and
Hebei provinces of China resp.
« > 40% of crop water requirement in Pakistan Punjab

= contributes to industrial water use
* ~ 82% in Metro Manila (Philippines), 80% in
Bandung (Indonesia), 60% in Bangkok (Thailand),
57% in Ho Chi Minh City (Vietnam), 15% in Tianjin
(China)

v Over-extraction of groundwater resulted in:
= Land subsidence
= Depletion in groundwater table

= Groundwater contamination (e.g. from arsenic, fluoride
and ammonium)

= Salt water intrusion
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Groundwater management challenges Groundwater management challenges

¥ Groundwater contamination from anthropogenic and
ur
Bangkok, Thailand natural sources

- g = Major contaminants are -
= In Lamphun province (Thailand),
fluoride concentration is up to 15mg/!
as against standard of 0.7mg/|

= In Tianjin (China), groundwater
contains high concentration of fluoride
and dental floursis rate is 41% in
urban area (Xu et al. 2008)

Ho Chi Minh City, Vietnam

Groundwater management challenges Groundwater management challenges

Asian cities e Groundwater ;:alems”

groundwater ¥ Lack of clear policies on groundwater management
Dhaka (Bangladesh) Sole source Falling groundwater levels and weak enforcement of gmundwater laws

Tianjin (China) Major source Land subsidence
Nagpur (India) Major source Pollution from urban area
Jakarta (Indonesia) Minor source Salinity intrusion

Sl e S Jateation, Pollution v Lack of human resources with adequate knowledge

lippin
AEtulippines) on groundwater resources management
Jaffna (Sri Lanka) Sole source Sal. Intrusion, pollution

Bangkok (Thailand) Major source Sal. Intrusion, pollution g

Tokyo (Japan) Major source Pollution

Kathmandu {(Nepal) -~ Major source Faliing groundwater levels

Potential impacts of climate change on undwater Potential impacts of climate change on groundwater

v Impacts on groundwater due to change of temperature an ¥ Degradation of groundwater quality by sea level rise
precipitation
- ¢ is expecled due to melting of ice
sheets and glaciers as a result of global
d 3 . temperature rise. Rise in sea level would allow
= Shift in precipitation ultimately shift LT . 9 J saitwater to penetrate farther inland and
in water balance of aquifer by < 5 upstream in low lying river deltas (IPCC, 1998)
increase or decrease of recharge D -

= Shift in precipitation also make
surface water more unreliab
may force to development of
groundwater resources.
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Potential impacts of climate change on groundwater

v Potential impacts on groundwater due to landuse change

caused by climate change
v Mainstreaming adaptation concerns into

(ground) water management plans to cope with current

= Climate change studies gest that some Asia-Pacific 5671 § . H
forests and vegetation may experience some initially v and future climate change impacts

beneficial effects from climate change and enhanced
atmospheric CO, concentrations.

= Studies suggest significant shifts in the distribution of tree 54 Increasing groundwater volumes in aquifers
species in China il ponse to warming of 2-4°C, including - > s P d b j x
the migration o communities into non-forested areas of o~ maintaining groundwater ecosystems by various
East China (CSIRO 2006). The increase in forest area may % measures

increase the groundwater recharge in East China

v Potential degradation of groundwater by afforestration and

carbon sequestration

Adaptation strategies to manage groundwater Adaptation strategies to manage groundwater

v Technological options

institutional = Water transfer

Solutions =

= Increased recharge
= Conjunctive use of groundwater and surface water

= Water saving technologies and changing use patterns

v Institutional solutions
Average monthly

rainfalt (mm) in
Nepal = Collective and community action approaches

= Instrumental approaches: rights, rules and price

= |ndirect approaches: institutional and policy
arrangements beyond groundwater
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Case Country Size (ha) Type of management

Panigur  Pakistan 2,000-3,000  mormalnoms

Informal norms,
Maslung  Pakistan 2,000-3,000 committee

Informal norms, focal
Nellore India government

Informal norms,
Saurashtra  India Scattered religious leaders

How Bangkok tackled with excessive abstraction of
groundwater?

(MCM/day) (B/m?)
| Supply amount
Measures ik sder
(MWA,)
el dug g Geoundwater Cabinet
Act(1977) Resolution (1983)

Spacing rules, zoning

Water saving, recharge,
ban on boreholes

Recharge, regulation of
wells

Conclusions and future issues

* Climate change will add to exisling pressure on groundwater resources. Thank you very much for your attention

* Many countries have not been successful in coping with currer
groundwater problems, so extra effort will be needed to counter
additional negative effects of climate change.

= Promote water harvesting technologies with suitable policies (incentives

and disincentives)

= Promote local groundwater management with support from

central/regional government.

* Need of extensive research at local scale
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outline r'f;:l:

1. Background

2. Stable isotopes technique

3. Sampling and analysis

4. Results and discussion

5. Conclusions and future prospects

s18/200

3/18/201

Background
Kathmandu Valley P, e
\v\.
= Total area: 664 km? ™
= Population: >2 milion (9%) = S e
= Av.elevation: 1300 ma . =
= Climate: Semi-tropics warm and {
temperate (
= Rainfall: onsoo B
Av. annual: 1700 ff

Fig. Location map of study area

yocoe

Background: current need =/

Need of Groundwater management strategies

I.  Groundwater use policy

Il.  Groundwater restoration activities
5 on and management of natural rect

echarge of groundwater

Requires details understanding of GW
resources

3/14/72010

yocor

Background: current need

Earlier studies of GW  Study includes
= Quantification of GW quality
(1990,1997, 2002 etc)

Warner et al. 2008 = GW recharge (Geological approach)
= ing et 2 (1990, 1981)
JICAENPHO 2005 Gap ?7? ,0

Khatiwada et al. 2002 Sourcelorigin of groundwater recharge

= HMG/N 1998 Hydraulic Interactions of water sources
Jha et al 1997 Groundwater residence time
= JICA 1990 al
1970 G

Evaluate the groundwater recharge characteristics I

Yocok

Isotopic technique hard

Stable isotopic approach
= Since last 2 decades; used in GW study
= Natural tracer, useful to complement the traditional method

Isotope: Atoms of element with same no. Elact &
roton but different number Neutron (Mass)
Almost similar chemical but different physical properties

Water molecules (H,0):
H.'"O and also 'H, "0 and 'HD(

= Changes on relative proportion of isotopes: physical
and ical process

* Develop unique isotopic compositions & %
(ratios of heavy to light isotopes)

+ Reflect process, Origin of groundwater ooy " il
prostasty o
frerere) e

Isotopic technique =

Measurement of Stable isotopes (D and'?0)

= Isotope ratios [D/'H and '80/'60): & unit, 8D, 580 [%eo]

= Expressed in relation to international standard
"Standard Mean Ocean Water" or (Vienna-SMOW)

s {(D/'H) somple 1} —

(DI'H) standard

(%010 sam
e {wsor“m e

. 1} X1000 (%)
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yeros

Analysis o ?

Sampling

Collection of sample Major analysis

* Major GW extraction area

» Deep well (n= 42)>80m

= Shallow well (n=13)<20m

= River (n=8), Rainfall

* Pre monsoon (April) 5
monsoon (Aug) 2001_

* Basic cation (Na*, K*, Ca?*
and anion (SO.%, CI, PO, >-P,

14 Fig. Sampling location izt

Yocor Yosor
Results and discussion = Results and discussion
I. Stable isotopic (3'%0) variation on rainfall Il. Relationship of 8D and §'%0
430 . 20,0 ~
a6 Raintai,07 5 e 28 o * GW derived from
150 | lstope180) 30.0 iy s without
300 4 100 | W Ranwater subsequent modification
T 62 500
e I = A * Influence of open
g 200 % -8 § g 60.0 water source /
B a0 " evaporation is less likely
100 CMWL
so- b Zite TN OU ON -2 0.0 N\ L
0 14 90,0 T LmwL
lan Feb Mar Apl May june July Aug Sept Oct Nov Dec
1000
= Range (8'*0)=-12.310 -6.4 %o 140 120 <100 80 6.0 40 20
= Weighted average (5'®0) = -9.4 % 5150 (%o)
4/ Vi 30
oot
Results and discussion Results and discussion
Ill. Spatial distribution of §'%0 in GW V. Hydraulic interaction
; v Isotopic composition {&'°0) 25 o
* Widely ranged in deep GW » Shatow GW S s ¥o)
(-9.6 10-6.3%0) 28
» Central part: heavier isotopes g5 OB
= Edge of the basin: Lighter 4 )
isotope 3l . N
9, .
« Narrow range and heavier o il
isotope in shallow GW 00 .
* Indicate heterogeneous 100 90 80 70
recharge source of the GW 570 (%)
Fig Ctand 0 in shafiow and deap groundwates
* Hydraulic connection between shallow and deep GW
= Different GW origin g
1472010 2
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Results and discussion =

V. Groundwater dating: Tritium (°*H)

Yocon

Results and discussion

74 Bl T
M (Obsarva) N (Dwtmction Lunit Lo
Webio s

™ BaL T BaL
Doow | 04102 004:002] 63 08
wiz | 05402 [005s002| 03 5
NO o
ND 3 o
ND 3 o
0sss002| 03 oos
057:002| 03 )04

= Deep GW: Recharge prior to 1950
Long GWRT

* Shallow GW.: Relatively new
Less GWRT

VL Origin of GW Altitude effect

yocor

Conclusions =

Northern part deep groundwater: high altitude rainfall
Delineate the effective area of high altitude recharge

3. Poorly hydraulic interaction exist between shallow and deep
groundwater and within deep GW

GW dating: suggest recharge of GW prior to1950

Shallow GW: Relatively lower residence and recharge from
the local area of rainfall

N

o

Suggestions

- Reduce the human intervention in the northern part
-To enhance groundwater restoration:

* Deep GW: Focus at high altitude recharge

* Shallow GW: Local area management

:‘ 10 ..
™
Jlsm
450
g1
13 +in
B
us it
05 o a5 40
890 %)
Voo
Further research b
1. Establish the “altitude effects”: Origin of GW
2. Tool for identifying/assessing Artificial Recharge
3. ldentification on pollution source
We kindly request/invite to Join and support the GW

research; further collaborative research
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l) Thank you very much for your attention

Kindly Requested for comments &
suggestions
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ENUMERATION, MAPPING AND WATER
QUALITY ASSESSMENT OF
TRADITIONAL STONESPOUTS IN
KATHMANDU METROPOLITAN CITY

Brief Overview

Introduction

Objective of the Study
Limitation of the Study
Study Area
Methodology

Results

Discussion

Conclusion
Recommendation

ta Maharjan
orum for Urban Water

Introduction Demand Vs Supply
Water is fundamental civilization. From early Total water demand 96MLD where as supply less
civilization society has to provide themselves than 60 MLD and total loss due to leakage is
with adequate supplies of fresh water but over 38% in KMC. (Source: KUKL 2008)

the time however traditional ingenuity has been

laced by the new technologies
ey o 9 Due to inadequate and intermitted water supply,

people are once again flocking back to traditional
Piped water supply began in 1891 with the Bir water sources to meet daily water needs.
Dhara Works in Kathmandu.

Traditional Stone Spouts Stone Spout System

The water spouts at manmade depressions
are normally discharging through stone
spout,

Stone spouts are beautifully carved stone
elements and locally called '‘Dhungedhara’.
Pond
Stone spout system utilise ground water, - /’/ -’/ \
rain water and surface water to serve . <1 / i
continuous flow through out a year.

Aquifer

Water canal
The most old spout with historical evidence ixlarss

is at Handigaun, Kathmandu (550 AD)
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Objectives of the Study

General Objectives
The general objective of this study is to assess
the water quality of traditional stone spouts of
Kathmandu Metropolitan City (KMC) and to
identify the situation of stone spouts in KMC.
Specific Objectives
To enumerate and map the traditional stone
spouts in KMC.
To explore and evaluate the condition of the
stone spouts for their possible contribution to
Kathmandu city water demand.

Limitation of the Study

This study is limited to Kathmandu Metropolitan City
area only. Thus the findings may not generalize the
whole Kathmandu district.

The study was conducted for only two seasons- Dry
and and Wet Season.

The study concentrated only within the niche of the
stone spouts. The upper water supply system to the
source and the downward drainage c| annel system
weren't the part of the study.

Total Coliform count was only studied in
microbiological analysis.

Study Area

Kathmandu Metropolitan City
The only metropolitan city in Nepal.

Situated at an altitude of 1350m above the sea
level,

The city is spread over an area of 50.67 sq. km.
Population of city was 6,71,846 (census 2001)

Comprised of 35 wards.

Methodology

Enumeration and Mapping
Base line data - Kathmandu Metropolitan City Ward
profile - 2001

Water quality assessment
25% Sampling points randomly selected.
Purposive random sampling technique
Fifteen parameters were analysed (for wet season
Aug.08 and dry season-Nov,08)

Physmal Chemxcal and Microbiological parameters

Standard Methods prescrives sy APHA (1998) and
Trivedy and Goel (1984)

Results

Enumeration and Mapping

Total 165 stone spouts were identified in KMC.

® Naturally Working

® Working with City
Supply

0 Not Working

0 Not Exists

Ward wise distribution of stone spouts

No stone spouts were found in Ward no.
14,23,24,25,26,27 and 28.

Maximum no of spouts were found in ward
no.35 i.e. 18 and only one spout was
observed in ward no. 2,11,13,22 and 30.
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Zone wise distribution of spouts

Zone No. of Spouts |No. of Wards
City Centre |26 6
City Core ‘36 -8 —
North 130 5
East 64 7
West 9 3

KMC Map with stone spouts

Water discharge in dry and wet
season

<

Discharge range

Discharge
The discharge value lies within the range
(1898.9 - 39815.6 LD) in dry and (2468~
70243.9 LD) in wet season.

Highest discharge value found in Gyan
Dhara (70243.9LD)

For Discharge
80000
70000
5 60000
= 50000
B 40000 a5y
H et
£ 30000
3 20000 - 4
“ fant il
, dERk {3 1 Hradaldan
1234567 8 010111213141516171819202122030426
Site no.
Water Quality

Water quality assessment

Forlron

050 [Ba et
000 Bemm Sdnand

3 5 9

Iron

Average value of iron content in dry and wet
season was 0.54 mg/l and 0.30 mg/|
respectively.

Maximum iron content was observed in Gairi
Dhara I1.(3.04mg/I)
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Nitrate Nitrate

For Nitrate
Average value of nitrate content in dry and wet

800 season was 1.50 mg/l and 1.21 mg/| respectively

500 St s
§ 400 s B Maximum nitrate content was observed in
%‘sw , '?‘ Sinamangal Hiti. (4.90mg/!)
3 il X, aWet

R

ﬂ“ﬁhﬂlﬁ

1234568780100

516171819202122252425

Site no.

Microbiological Water Quality Discussion

Total Coliform (CFU/100mi)

Present study identified 165 stone spouts in KMC

1400 o Sl S while NGO Forum for Urban Water and Sanitation in
| 2006 listed out 172 stone spouts in KMC. The spouts

number has been decreased due to the haphazard

urbanization in the city.

The total discharge rate in wet and dry season was

70243.9LD and 45235.6 LD respectively.

The average discharge rate has also decreased as

compared to the study by NGOFUWS in 2006.

3 5 l; The change in discharge rate is due to haphazard
. R g urban development, New construction sealing the
12345678 910111213141516171819202122232¢ surface from recharging the ground water and
Site No. excessive extraction of ground water to quench the
thirst.

@ Dry Season @ We! Season

Chemical parameters within the

Discussion standard
Significant variations were observed in pH, Nitrate, ammonia, chloride, phosphate concentration
temperature, hardness, nitrate, iron and phosphate and total hardness was found within WHO GV for all
content of water samples in the two test seasons dry the samples tested.

and wet.
CFL/100m| of water samples exceeded the WHO
Guideline Value of 0CFU/100ml.Coliform

26% of the water samples were found below WHO
Guideline Value given for pH.

28% of the water samples were found to exceed
WHO guideline value for iron content.

contamination was observed in almost all samples
tested in both dry and wet seasons.

The main causative factor of microbiological and
chemical pollution is due to improper disposal of
domestic sewerage and seepage of city drainage on
the path of stone spouts.
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Conclusion

Microbial contamination

Enumeration and mapping gives necessary
information to list out the existing number of spouts
in the City.

Total discharge change over time in spouts was
observed from the study.

Munlcicfal water supply in Kathmandu reaches only
around 55% of the population. So, water supplied
by City supply has greatly reduced. The water
supply- demand gap is increasing which s fulfilled
by traditional water sources (stone spouts).

None of the samples so tested crossed the WHO GV
for Total Hardness, Nitrate, Chloride content of 500
mg/l, 50 mg/l and 250 mg/I respectively.

> Almost all the spouts water tested were found to be

microbiologically contaminated in both the wet and
dry seasons. So, it needs to be treated before
drinking.

Recommendation

Groundwater Act imperative

Government, concerned agencies and local people
should pay greater attention to the protection,
preservation and maintenance of the traditional
water sources.

Quality and quantity control of ground water should
be done. Excessive extraction of ground water
should be controlled. This can be done by recharging
rainwater in the stone spouts source.

Drainage and household wastes should not be kept
near the source and protected from seepage of such
wastes in stone spouts.

The traditional stone spouts which are left
unmanaged and unused should be maintained and
user committee should be formed to keep good
condition.

Necessary laws will have to be framed, enacted and
enforced to control and {Jrotect the drinking water,
water sources and maintain the appropriate
environmental sanitation.

Awareness building and motivational programs
regarding water pollution and its possiblé healith
impacts should be organized by City Supply and
other concerned agencies to make people aware and
conscious about the quality of drinking water.
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Regulatory Framework on Ground
water in Nepal

Advocate Basant Adhikari
Pro Public
28 December 2009

Water related legislations

» Interim Constitution 2007

» Water Resource Act 1992 is an umbrella
legislation

» Water Resource Regulation 1993

» The Drinking Water Regulation 1998
specifically deals with drinking water and
sanitation

+ Nepal Water Supply Corporation Act 1989

+ Water Supply Management Board Act 2006

» Water Tariff Commission Act 2006

+» The Local Self Governance Act 1999

Legislation ...

» Ownership vested in the state as public trust
+ Beneficial use of water without affecting
others (section 4)

» Requirement of license is also applicable to
ground water

» Community water users for collective uses

Regulatory Dimensions

Water right

Cround Water Regulation

+ Interim Constitution 2007 guarantees right to
environment and health

» State policy to protect and promote
environment and sustainable development

» Water Resource Act 1992 defines water
resource which includes ground water

e

Exception for license

» Individual and collective use of water for
drinking, irrigation and domestic use

» For operating water mill

» Individual use for transportation (DUNGA)

+ Land owner can use water available in his/her
land as prescribed

All commercial use of water requires license for
ground water extraction

e
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Ground...

Water resource should be used in a way that
does not create environmental degradation
(soil erosion, flood, or others)

+ Environment protection Act 1996 prohibits to
create significant adverse impact in
environment and requires EIA or IEE

Water Supply Management Board Act :
Kathmandu Valley Water Supply Management
Board has responsibility of regulating,
controlling or limiting the ground water
extraction

e

Individual use vs. commercial use

» Ground water extraction by industries

» Ground water extraction by hotels

+ Ground water extraction by water bottlers

» Ground water extraction by water vendors

» Ground water extraction by KUKL

» Ground water extraction by big housing
companies etc

|

Principles

» Public Trust (state domain)

» Precautionary principles

» Intergenerational equity

» Principle of no harm to other

» Equitable utilization (equity in water
resources)

.

Report of the Study committee

+ 700 deep tube well identified

» Decreasing by 2.5 meter per year
In some places 7-15 meter per year
Low ground water recharge

+ One window licensing mechanism

+ Separate Ground water Management Act

» Promotion of rain water harvesting and
ground water recharge

o

Supreme court response

» Pro Public filed a Public Interest Petition to
regulate commercial use of ground water

» Case was prepared on the basis of numbers
of technical reports, situation studies etc

» SC issued order to constitute an study
committee consisting of ministry of water
resource, experts and petitioner in order to
submit report SC

Decision

» Supreme court recently (paush 1) issued
mandamus to implement licensing
requirement

» Mandamus to make unlimited extraction of
ground water

» Mandamus to arrange the use of recycled
water by business houses such as hotels,
nursing homes, housing etc

» Prepare action plan within 3 months (from the
date of receiving order) and submit to SC

. Monitoring Division will monitor the progress
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Groundwater Quality in the
Kathmandu Valley of Nepal

Bhoj Raj Pant, PhD
Nepal A of Sci and Technology

Nepal Acudemy of Science and Technology (NAST)

Background

» Trealed water supply is limited in the Kathmandu valley
~ Population of the valiey : 1.6 million (CBS. 2001)

~ Estimated water demand : ~145 million L/day

~ Supply of dnnking water : ~115 million L/day

~ Dependency on ground water : 45% (MOPPW, 2003)

» Total sustainable water withdrawal : ~26 million lit/day (Staniey and
Macdonald, 1994)

» Current water extraction rate : ~59 million lit/day (NWSC 1992)
~» Groundwater is considered safe for drinking purpose
- poliution - the health risks

Nepal Academy uf Schence and Technolugy (NAST)

Pressure for Deterioration of Ground Wthr Quality

Domestic

} !' Increase in use of
I\ Agro-chemicals

Nepal Academy of Science and Technulogs (NAST)

Pollutants Diffusion Pathways

B i, | b

Natural
source

Ground water Terrestrial Food chain

Anthropogenic J
activities Aquatic

S /
&
&

Nepal Academy of Science und Technologs (NAST)

Motivation for the Work ?

~ Increased water demand for various applications
» Heavy use of groundwaters.
~ Declined water quality of surface and groundwaters.

Nepal Academy of Science and Technology (NAST)

Objective

This work was aimed;
# To study the water quality situation of groundwaters in the Kathmandu valley.

» Assess the levei in the g aquifer.

Nepal Acudemy of Sclence und Technology (NAST)
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Experimental Scheme

Sampling ——s Polyethylene bottles

Sample analysis

Physical Chemical Bacterial
analysis analysis analysis
Temperature = ron
pH [~ Arsenic Membrane
Conductivity [~ Fluoride — SPADNS Msaton

Turbidity — Nephalometer [~ Hardness
== Chioride ]-— Volumetric

e Alkalinity

Nepal Acudemy of Science and Technology (NAST)

Sampling

{ \_.. Chm

Samples collected from
different sources

2 N J) 2
R ‘ 0 —g
. S04
a s 0 .
20 20
I §
10
Map of Kathmandu valtey ol .

showing sampling area Shallow well  Tubewell Deep tube well
Groundwater source

Number of samples

Nepal Acwdemy wf Science and Technology (NAST)

Physical Analysis

Table : Physical analysis of groundwater samples

(stound water source

'WHO guidelines : Temperature (°C) NA
pH 6.58.5
Conductivity 500 uSicm
Turbidity 5NTU

Nepul Acudemy of Science and Technology (NASTH

Chemical Analysis

600 = . Hardness |
= 500 W Alkalinity
) {

E
°
>
2
&
]
2,
°
o

Shallow well Tube well  Deep tube well

Groundwater source
WHO guidelines: Hardness 500 mg/L
Chioride 250 mg/L

Alkalinity NA

Nepal Academy of Science am Technotogy (NAST)

Contd. Chemical Analysis
- =
= Fluonde
e | g
@
£ £
= = 0.006
H s
25 2 oo0e
- £
£ 1 8
o 05! o
a i o 1
ool 0.000 |
Shallow well  Tube well  Deep tube well Shaliow well  Tube weli  Doep tube well
Groundwater source Groundwater source
WHO guidelines: Iron 0.3 mgiL
Fluoride 1.5 mgiL
Arsenic 0.01mg/L

Nepal Academy of Science and Technolugy (NAST)

Bacteriological Analysis

Coliform/100 mL water

Shallow well Tube well V Deep tube well
Groundwater source

WHO guideline for total coliform: 0/100 mL water |

Nepal Academy of Science and Technologs (NAST)
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Conclusions

» Electrical conductivity (EC). turbidity, iron, and tolal coliform exceeded the
WHO drinking water quality recommendations.

~ Hardness, alkalinity, chlonde, arsenic, and fluonde concentrations agreed
the water quality standard

Y

Groundwater in the valley is highly vulnerable to iron and coliform bactena.

Nepal Academy of Science and Technology (NAST)

N

Al

Recommendations

Iron and coliform
before use

water is d for ad 1t

Effective maintenance of water reservoirs.
Proper discharge of household wastes.

Nepal Acudemy: of Science and Technatogy (NAST)

Team Members

Bhoj Raj Pant. PhD Chemist
Sujen Man Shrestha, PhD Chemist

Mrs. Tita Prasal Microbiologist
Mr. Gopal BK Helper

Nepal Academy af Science and Technology (NAST)
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Groundwater and Food Security

Madhukar Upadhya
Institute for Social and Environmental Transition-Nepal
Kathmandu

Email: madhukaru@gmail.com

Water has become the single most important
constraint to increased food production in a
growing number of countries .

= Groundwater overdraft in excess of
sustainable levels exceeds
~ 25 percent in China. 130 million people are being
fed by over pumping aquifers
— 56 percent in parts of northwest India. 175 million
people fed by over pumping aquifers
= Saudi is closing its wheat farms and willimport
wheat from 2016

= Nepal -- from net exporter to net importer

Defining Groundwater

Need to understand
ground to understand

Relation between Green  groundwater
water (soil moisture) and
blue water (springs,
streams and rivers)

More green means more
blue water

Emphasis on managing
blue water only has
ignored the role of green
water in augmenting blue
water

Groundwater abstraction- key for The Green
Revolution in Asia (1965 to 1985)

provided food security to millions
— pulled the region back from the edge of famine.
— within 20 years, cereal production and yields doubled,
- reduced the food price
— improved livelihoods for an estimated 1.8 billion
people.

The penalty of mismanagement is now coming due, and the
results could be catastrophic for the most populous
countries ... (Seckler et al., 1998)

A major question

What will happen to our food security if countries
like China begins to import even 5% of its food
need from international market?

WEFP has already cut its food aid

Increasing number of districts are reporting food
shortages

How long can Terai supply food to hills?

Situation we face
springs !

Underground
hand pump
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Nepal Food Situation Rural Urban Food System
54 % households produce sufficient food

46 % households have shortage e
->9 22%
— 6 -9 months 12%
— 3 -6 months 9%
— <3 months 3%

* Recent events
* Land fallow until August in Tarai
20% in 2006, 70% in 2009
= Drought killed new plantation
= Groundwater falling from 50 to 70 meters

Food problem indicators (?) * Groundwater is limited permeabilty porosity

ilabl and depth of sediments
Rising number of squatters, landless, forest encroacher, =area avatiage, rainfall

e —recharge opportunities  seasonality
and travelling labor ge opp -overdraft situation

When garlic travels 5000 km from China to get to my “infiltration rates

. . +pollution load
kitchen Ko’don mics_ = Groundwater is complex o

Potato travels 1500 km Bhutan - ldentifying, interpreting and monitoring of
= Changing habits and inflow outflow is difficult

preference increased demand n # . .
for water intensive food v . Fgll;ng \;\_later levels, with or without
# et €A, £ abstraction,
= Chinu, Junelo declining _ increases pumping cost
= Desakota ~(money to buy) e - shallow wells go dry, and

more food import SUBPGRS EArgo |n‘l‘ormal - decline of environmental values (baseflow)
economy.

Competition for groundwater use

= Groundwater is local, its implications are not

= Problems associated with overabstraction of
groundwater in Kathmandu valley - a wake up call
to look at the larger picture of this valuable resource
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Countries investing in land for food

Investor _ Target Hec. Status

Bahrain Philippines 10000 Deal signed
China Zimbabwe 101171 Deal signed
Libya Ukraine 250000 Deal signed hills. Nor does it recharge any hill
Qatar Kenya 40000 Deal signed rivers. It is the GW that provide
UAE Pakistan 324000 Deal signed river water

S. Korea Sudan 690000 Deal signed 3000 litres water 1350 litres water
Saudi Arab Tanzania 500000 Requested

Jordan Sudan 25000 Deal signed

Snow water does not come to

Securing food and Groundwater Securing food and Groundwater

= We do not have clear understanding of groundwater

§§:ﬁ:{%’}."“ s el o s Communities have no incentives to manage green water

which is key to sustain groundwater (aquifer) sources
Unequal power relations in the land acquisition and use
can put the livelihoods of the poor at risk.

Given the changing food habits and the economic base of
society, meeting demand of water intensive food is going

to be a major challenge for water managers.

Existing groundwater will be depleted faster than one can
plan for alternatives (e.g. import of food)

Blue water users have ignored the role of green water
augmenting blue water.

Emerging global climate stress will impact the water

regime (but we do not know how, where, when etc.)

Way forward
Clear understanding of the area specific groundwater
situation.

Assess inflow and outflow (abstraction) and mechanism
to monitor if depletion is faster than inflow.

Assessment is relatively easy with records of springs and

their flow (can be done by local governments)

Strict rules on specific land area that are key in
recharging aquifer

Policy and Mechanism to mobilize incentives from the
blue water users to green water managers.
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YGCQE/
Today’s presentation J
ICRE
Research Work for Groundwater : s s
Introduction of the research activity in Kofu

in Kofu and Kathmandu Basin
-Usefulness of stable isotope technique for

Futaba Kazama identification of groundwater recharge area-

International Research Center for River Basin Continuing research work doing at Kathmandu

Environment (ICRE) Valley
University of Yamanashi
Importance of Research Work for— Y'GCOE /
Groundwater Management )
For sustainable water use = )_
« Where is recharge area of groundwater? {iCR&
vhich direction groundwater is flowing?
H amount of water is there?
How amount of water isrecharged ? )
For preservation of groundwater quality |ntr0dUCtI0n Of the researCh
« What is the polution source of 9. T . 3
T activity in Kofu Basin
« He | nt isd ¢
oundwater?
What are the adequate n

Distance from river mouth (km)
Figure-). River bed slope comparison between Fujl river and other rivers

A large river in Japan Islands
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History of the Fuji River Flood Control

This presents the rusjor events reluted with Fuji river Dood control from the 9th century o the 29th century.
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= Majordissolved ion

anion. cation

Using ion- chromatograph

= Water
oxygen and hydrogen isotope

Using equilibration method

8D = £1.0%0
%0 = £0.1%a
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Elevation
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Precipitation (mm/year)

River water
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rivérbed
surrounded area

alluvial fa-

Mountain

Groundwater in K .~

Evaluation of Groundwater Quality and
Recharge Characteristics in Kathmandu
Valley, Nepal
Saroj Komar CHAPAGAIN
PhD thesis definse.
Augist 03, 2000

inary study of deep groundwater
tems in Kathmandu Valley, Nepal

Sampling

Yooor 4 e

Collection of sample

* Major GW extraction area

= Deep well (n= 42)>8om

* Shallow well (n=13)<20m

= River (n=8), Rainfall

* Pre monsoon (April),
monsoon (Aug),2007 ~

~Analysis

Physicochemical analysis
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VIl. Relationship of ®0 and salinity
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= Lighter isotope with lower dissolved salt:

Assessment of Groundwater Resources in
Bagmati River Basin, Nepal

Y'GCOE ‘J Vishnu P. PANDEY (G07DEAD3)

pervisor Prof. Futaba KAZAMA

December 21, 2009

Lated are ngactieant

of thewell-fielde  depeh (- Smovle s
accens wanteal aweas e
Flg. Stzes of Groundwarer deselagment in Kathmandu valley aquifer and
R !

corresponding unpacts (Dt sources. time trend of extraction from

& recharge level from Impact fevel information from

b

Delineation of aquifer layers

W ! - W

iy and
layblach ciy by clay @ bediock

ROL K, Gongabu: 10 Lasimpat: W26, Dhharmarg.
4487 Vrapureswnrs Y12- Pataondhokos: G5 Sutdokato, PHOT Pharping

Fig.

je (m) :SA = 0~85; DA = 25~285, Aquitard = <5~207m
A :SA =7,260; DA = 56, 813

. f shallg sifer 0.5m below GL;

*Porential GW storage (MCM) :5A = 1,452; DA = 572

Considering water level data in Total addition GW storage pot. = 235.1 MCM (226.5 in
shallow and deep aquifer, of B shallow & 8.6 in deep aquifer)

summer,2008; 88.4% of total Water demand in KTM = 170 MLD (~ 62 MCM/yr)

space is filled in with GW - Addition storage can

vater demand for 3.8 yrs

53|Page



YGCOE /

Trial of Groundwater Treatment
in Kathmandu

-Ammonia removal-

Groundwater is used
directly without any
treatment

.. Groundwater treatment system by
= sand filtration and chiorination

On-site groundwaler
quality analysis

wBackground|
Simultaneous nitrification and denitrification (§ND) is " he two
microbial reactions occur i the < ¢ N

Potential of SND system are (1) eliminate the need for separate tanks
required in conventional NH -N treatment, and (2) saving space and
time.

Oenitification

Background |7 /0 U e~

" .
) -
C & . i ,
} v [T
1 Nepal, high contaminated »” { )

NH,-N in groundwater

aximum vaiue was >4
1g-N

The limit of drinking . g

s mg N L (WHO)

\

| - |
{ Membrane JL J

L lon exchange J Ozonation

S B

- High cost of aperation
High technology requirement
Difficult to operate by local people

Bioprocess

The most suitable method
for developing country
such as Nepal

Raw groundwater
After sand filtration

After bioreactor 2 - 913 <0.05 57
After charcoal 0314 - 13 <0.05 45
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Summery

To improve the sustainable water use at a river basin, we
need to design a water management system based on
scientific knowledge.

For estimation of recharge area of groundwater, stable
isotope technique is strong tool

We want Lo continue this work for better groundwater
management in Kathmonadu with Local researchers and
students.
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Potential for Shallow Groundwater
Recharge from Rainwater in Kathmandu
Valley under the perceived impacts of
* climate change

Presented by

Suresh das Shrestha, D.Sc.

On behalf of
Urban Environment Management Service (UEMS)

Groundwater use in Kathmandu Valley

= Since ancient imes
» Inthe past- Shallow Groundwater use through dug wells and dhng.
dharast stone spouts)

» At present

« Shallow

dwater:-dug wells, dhunge dharas. borings, rower

pumps etc

» Deep groundwater: Since 80's- through deep wells- mostly over
T T Y
200m

Approx.700 deep wells drilled so far-through consulwtions

» Present study- 379 deep wells- no information on other wells

Gross estimate of water availability and use (in mem)

® Natural water supply ( annual rainfalf) ® consumption (GOD MLD x 365 days)

Evaporation { 300 mm/yr.) ® Outflow through Chobhar gorge

volume, mid

Water supply status- Nnwsc, 2004

150 Status of water supply in Kathmandu valley
- 20 28
w X ————
e
20 160 16
. 1 ™ o
150 i e "
R 145
100 3 120 124
105
1996 260 00 2003 2004
~a—Production capscity imid) =\ ater domand (mid) Average daidy production (mid)

The deficit in supply has forced people to
alternative sources- shallow GW

Are we going to allow this forever?
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* Shallow groundwater status:

Most of the dharas in the valley- dry up after rainy
days
Water table in dug wells fall rapidly after the rainy
days.

Primarily due to:

Growth in population- Growth in water demand

Decrease in recharge

* Rapid fall in water table after rainy season

I Water F el & arbdion b WA T 1 (Phehborn
kil Plnck hew) Vour Tommpies Ward ©

(0 peary s gy o 19 oy

[

& ToulWell Depth  —=— 205§

i Perceived impacts from Global climate change

Global Climate changes taking place is expected to
result in

Erratic rainfall pattern

Increase in extreme conditions- extended dry period
to spurts of intense rainfall.

these are already being observed:

Ruinfall n Vear

200800 200809

(2085 BS) (2066 BS)
54 0

4TH
Source: PokM, 2008

() o o fogpog
o

10

12

8 Water Level Variation in WW-NN 7.16

(Nhuchhen, Dupat) Ward 7
$33338ssaaassaainaata:
‘ | H i i g ;
il il
z o3
| H
FINCEH T

L

11 Water Level Variation in WW-NN 7.07 (Tara Nani

o

+Dupat) Ward 7

(1) jpgf w0 2o foypdag
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8. Fluctuation of waterlevel in WW-NN 8.05
H (Guitol-4(Kotha Nani)) Ward 8

] shsnSHegSasnenSRIsoSResnen
£ o SESS5S33223332338 5883248
=
]
g 2
£
g5 b
E )

5 N
§ e ‘e
5 & - - —
S X

QM‘JJ

# TotalWell Depth  —+—2065 —a-2066

i Mitigation and adaptation measures

Necessary actions needed to be taken
towards

= Regulating haphazard urban growth
= Promotion of eco friendly urban measures

= Formulation of effective and workable policy
for water resources.

* Regulating the urban growth:

i Household increase from1971-2001

Table 6.15: Number of houschold from 1971-2001

| Year
| 1971 1981 1991 2001
Location
Kathmandu 59,507 67,933 127,196 | 235,387
Lafitpur 26,578 29,943 45,682 68,922
Bhaktapur 18,908 25,047 28,160 | 41,253
Kathmandu Valley 104,993 122,923 | 201,038 | 345,562

+ Papulation growth prediction in 1994
Y | " -
3 o o
Aren 1991 | growth | 2000 | growth | 2001 | growth | 2021
rate rate rate
Municipal 398328 0 975,000 10 1,446,000 20 1,759,000
Rural | 466171 20 $71.000 13 200,000 20 414,000
lv.-m) 1,064,899 38 1,546,000 23 1,949,000 1 2173000
Valley
Sawrve: GON. Jowd
Year | ’ t )
1955 1978 1991 2000
District
[Kathmandu 2363 | 3890 6185 9,913
I 4
" Taitpur 729 1,198 16741 2,860
[ Bhaktapur 238 965 1,058 3,699
[Total 3,330 6,152 8,917 16,472

L

Kathmandu Valley
Population growth rate for 2001

/% / Major road
Growth rate
[ |-208-0
[Tjo-2
Ei2-4
4-7
7-10
10-13.46

3 i |
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Present Status of Kathmandu Valley

Kathmandu then : Source: Kath. speaks

Annual Population Growth Rate (1991~2001)
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Kathmandu in future

Kathmandu now

59|Page



Promoting eco friendly urban developments-
i RWH and RWR

i Rainwater recharge

i Rainwater Harvesting in KTM Valley

= Depends on Surface
and subsurface
Geology.

= General rule being:
surface recharge is
possible in places whig
there are dug wells &
Dhunge dharas.

Ay T

il Ly
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Loca_tion of pits and wells

e

Water quality analysis Water quality

Tatal 48
Percent| 100

] 4792 | 4375 | 833 | 6458 | 2917 | 625 Total LCH & i bl 12
Percent 3

Blw

,u.
8
"
2
il
§l=
"
8
.

-1
g
"
@
S
4

7292 | aw

Alternative measures

g ) mg/lit} 50 mgrhi = Explore hard rock aquifers in the south of the valley- partly
9 1 10 0 exploited at present by the pvt. Tankers.
9. 2 11 0 = Noumule, bosan khola, satmule, springs total-500 L's
n 3 14 0 = Amec,2001-Installation of infiltration dams in the recharge
4 1 5 0 areas in the north.
; B in 7 1 8 0 = Rehabilitate - identified infiltration ponds, Rain water
Total | 48 2 40 8 48 0 harvesting
Percent| 100 | | 3958 | 833 | 1667 | 10000 | 000
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!i Potential locations for infiltration dams * Formulation of effective water resource policy
¥ £ i = Access to clean water is the basic right of every
s W citizen, however commercial exploitation by some
» é g individuals may deprive many from exercising this
- Z i right.
- ‘ =
) X -
A _- = l'
2 Legond
* Rise in commercial apartments Conclusions

» Excessive utilization of GW resources have resulted in
rapid lowering of groundwater level in the valley
resulting in drying up most of the traditional water
supply sources like dug wells and dhunge dharas.
Changes observed in the rainfall pattern over the
years have aggravated the problems further.
Innovative measures like extensive rainwater
harvesting and recharge programs could ease the
water problems to a large extent.
= Long term and effective policy required for effective
utilization of groundwater resources.

Acknowledgement

= Sincere gratitude extended to Water -Aid
Nepal for the support.
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‘ Groundwater Recharge and Safe Yield

= Binnic and partners (1989) - 30-40MLD (MPPW-2002)
= JICA (1990)- ISMLD
= Gautam and Rao (1991) - 12.6MLD

\ | infitration Rate (cm/min) |

o [ Post- | Remarks

}‘Dﬂmﬂ!mon’oo
[ n

e E 1114 | H

St Infiltration Rate (cm/min)
| Location Geol. | Geomorp. ——5o = | —-UI_ Remarks
1 monsoon |00 |

monsoon |
L KIM Metropolis

Groundwater abstraction

= Stanley Int. (1994)- GW abstraction BY NWSC-54MLD
(91.6% from deep wells)

= Optimizing water use project-2004- NWSC -
abstraction as 47MLD and 13MLD from other
sources-totaling 60MLD of GW abstraction.

= KUKL (2009)- total GW abstraction from 49 operating
wells-23.5MLD

= Total water demand (2004) -294 MLD, Max. daily
KUKL Production-145 MLD
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Station 1d. | Location Site Percolation
morphology | rate
cm/min)
W Thamel ).49
W Chabahil .22
W Dhumbarahi | Terraces .33
WA Slope.
[ws allu
(w6 [ Towiand 031 :
W iwarko Lowland 0.30
w3 undhars, Slope 0.06
Patan
= .53
w0 Dhoks Tole | Terraces .06
wil Banasthali Terraces S8
w12 Yangal 06

Station | Location (SITE Percolation
1D. No. - MORPHO | Rate
| (em/min)

6 Minbhawan [slope 0033
] Kalanki, Lampati Slope “[o0ss
1] South of Creative Slope 189

Academy School,

Kirtipur,
() Puichowki Behind UN- | Slope 06 |

ing). ! i

3t ‘back side of Nepal Slope. [

Medical College,

hel

20 Jawlakhel, Ekants slope L

Kuna
2 TU. Infromt of Gael's | Slope. 634

Hostel
2 Backside of Le- Siope [50)

Resturant,

Estimation of water availability and use:

Natural water supply ( annual rainfall) 1.14 billion m
consumption (600 MLD x 365 days) 220 million m'

Evaporation (300 mm/yr.) 420 million m’

Outflow through Chobhar gorge 500 millionm' | 1.14 billion m"
Balance 0

water optimization and pilot pmject. 200

Summary of groundwater production-
Melamchi dev. board, 2000

Deep tube | Shallow Dug
User wells tube wells wells I:IT’ P’;.‘:;: o
MLD MLD MLD
238 2.08 331 29.17
Jtextile, bottle, Ind. 247 [EO 446 =
Dyeing .carpet_industries 0.07 0.32 0.19 [ 038
Holels 5.51 0.90 [0.12 653
Embassies 043 0.00 0.00 043
| Institutions 593 041 0.03 3.67 —
Total from wells 3751 199 1336 (4686
| estimate from springs 1300
Total ground supply | 59.86 |

Impact of Groundwater Mining

= Declining GW table observed.
» Land subsidence- none reported so far.

« Areas prone to Land subsidence-
» Highest WL (water level) decline
« Areas with high % of compressible clay and silt layers-
Metcalf and eddy,1999)

All three GD are prone to land subsidence.
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Thapathali (Source_ Cap C. Taylor, 1862-1865)

s

t
f
!
B w702 2000

Figure 21 Land-pooling proma compiated in Kathmandy Vakey

= KUKL alone abstracts 63% of the total groundwater
abs

No indication of land subsidence yet. no studies have been
initiated so far.

stion from certain cluster areas.

High population growth in Gongabu. Kapan. Jorpati,
Dhapasi area-all identified as groundwater recharge areas
have increased surface sealing thus decreasing infiltration
further while increasing the extraction.

Expected input from the floor:

While monitoring groundwater use and abstraction is
necessary for future planning, how effective will be
regulating GW in the absence of other alternatives.

For effective GW management - licensing, regulating and
monitoring by one body is required. Could GWRDB be an
effective organization to do it?

GW mining for commercial purpose-should it be allowed?
¢eg. Mineral water. soft drinks, beer etc.

Ultimate cause for groundwater mining is the haphazard
urbanization. what measures is required to regulate it?
Investigations for alternative options of water sources
RWH, hard rock aquifers etc.

Bagmati bridge 1880 AD (1937 8S)
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Policy
framework
for Rainwater
Harvesting in
Urban Nepal

Prakash Amatya

= National Steering
@ Committee on Rainwater
Harvesting

Water Cycle

CONDENSATION -
=

PRECIPITATION

Rainater Harvesting —
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January 2006

Reviving
Rainwater
Harvesting in

Urban Nepal

Promotion of RWH in the twenty year
vision paper of the MPPW

Construction Management
Guideline - DUDBC

Municipality incentives

* MoU with the KMC on
dissemination of RWH and €% """'.:':_'@ sl

recent announcement of - T

providing 10% rebate on

building permit fee upon

installation of RWH system

Dharan Municipality PO ——

decided to give 30% rebate

in building permit fee on

installation of RWH system

in newly constructed

buildings
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Nepal hosted SAARC level Regional
High-level Meeting on Rainwater
Harvesting and passed the 9 point
resolution.

Gisrrs trawers bhve B Colloct. Preverve et dhre o

GIONAL HIGH - LEVEL
RAINWATER 1

Kathmandu
28-30 June 2009

3

Working Policy on
Rainwater Harvesting
2009

al

to contribute to the protection of the environment,

ive changes in th
strengthen the socioeconomic development through th

collection, storage and use of rainwater as a complenentary

source of supply to benefit areas inhabited particularly by the

, marginalized and disadvantaged groups, which do not have

access to the basic water supply and

bring about pi quality of life and

« to minimize the scarcity of supply in urban areas
* to provide a replacement to a

nic-contaminated groundwater
undwater reserve

sources and to recharge the gro

Objective

To adopt rainwater as a reliable source for domestic water
supply by practicing appropriate technologies for its
collection, storage and use.

To promote necessary construction of facilities, collection,
storage, treatment and use of rainwater at domestic level
by enhancing public awareness of rainwater as an
«appropriate complementary resource.

To develop a system of rainwater harvesting to meet the
need of settlements, schools, public institutions and
communal places located in high lands or other areas where
other alternative resources are not easily available

To maintain the environmental balance through the
protection of the environment by facilitating the recharge
process of groundwater reserve

N

Working Policy

Mutual support and coordination shall be established with
governmental and nongovernmental agencies in relation to the
development of hnology for rainwater harvesting
Public-Private-Partnership (PPP) shall be promoted for the
development and implementation of rainwater technology
Public awareness shall be enhanced vis-a the collection,
storage and use of rainwater, together with the development of
appropriate methods for rainwater harvesting at local level.

w

4. In order to promote the use of rainwater harvesting technology in

the construction of houses in urban and rural areas, institutional
guidelines/directives shall be prepared and enforced, and other
necessary provisions shall be stipulated in the Building Codes.
Special provisions shall be defined to use this technology in

buildings, apartments and land development
ell in the construction of communal and
industrial Lundmgs.

6

This technology shall be utilized for groundwater recharge
and to increase the water availability at water sources,
stone spouts and ponds

Rainwater harvesting technology shall be used to provide
water to areas located on high lands/communal places
where there is scarcity of other water sources.

Use of arsenic-contaminated water shail be discouraged at
institutional level by developing rainwater harvesting
technology.

A guideline shall be developed through the Department of
Water Supply and Sewerage for the adoption of
appropriate technology for rainwater collection, storage,
treatment and utilization at household and community
level

The capacity of NGOs local bodies and communities shall
be enhanced,

FREE

Rain
delivery
service to
your
home
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Status of Groundwater Condition in
Kathmandu Valley and its
Potential Impacts

Naba Raj Shrestha
Senior Divisional Hydrogeologist
Department of Irrigation
28" December, 2009

§ "4}2., s

Base map:ICA. 1990

TR ) e ERe)

~ Study Programmes

1960 Geological survey of India: Ground water Resources

of Kathmandu Valley

1973 WHO/UNDP/ Binnie & Partner: Master Plan for
Water Supply & Sewerage for Greater Kathmandu &
Bhaktapur

1990 JICA: Ground water Management Project in
1992 NWSC/CES: Urban Water Supply & Sanitation
Rehabilitation Project

1994 DMG/BGR: Engineering & Environmental Geology

1996 DMG/Silt Consult: Detailed Feasibility Study on
Kathmandu Natural Gas

1997 AGSO/DOI: Assessment of Ground water Pollution

Others (Optimization of Groundwater , Melamchi Project,

ICIMOD, AMEC etc.)

Hydrogeological cross-section of Kathmandu Valley

CROSS VIEW OF THE KATHMANGU VALLEY

Cresswelbetal, 1997
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Phase I: Ancient times — 1960 No impact

Dug wells and stone spouts (dhunge dharas)
Phase 11: 1961 to 1973 Initial Investigation

No impact, Investigation deep tube wells
Phase I111: 1974 to 1983 Insignificant impact

Few production deep tube wells
Phase TV: 1984 10 1990 Visible impact

NWSC developed well fields. Private tube wells also increases
Phase V: 1990 to 2000 increasing impact

More NWSC & private tube wells
Phase VI: 2000 onwards sharp increase in impact

NWSC & private tube wells mcreased sharply

Volume, mid

Y b 24

Average daily production [mid)

(mid]  ~-—Wate

Deep Tube Well Distribution

250

a7
200 +
146
159
lm I
50
g+ T

N Cenmrul Groundwatcr

No. of wells

District

Deep Wells in Central Groundwater District

N

«Total water demand (2004) -294 MLD,
*Maximum daily KUKL Production-145 MLD

| Deep tube | Shallow Dug
User wells | tubewells | wells Il"L‘;;‘ P'?:l': o
\ MLD MLD | mMup |7
NWSC X 1205 331 91763 )
Plastic textile, bottle, Ind.__| 2.47 1130 0.71 146 | 10%
| Dyeing carpet industries 007 0.32 1019 058 [ 1% =il
Hotels [551 [ 0.90 (002 653 |14%
Embassies 0.43 1 0.00 1 0.00 043 [1%
I [523 (041 (003 [567 [12%
Total from wells 3751 499 (436 4686 | 100%
estimate from springs | [ 1300
| Total ground supply | | N J 59.86 |

Binnie and partners (1989) & MPPW-2002- 30 - 40 MLD

JICA (1990)- 15 MLD

Gautam and Rao (1991) - 12.6 MLD

(Maximum Recharge 40 MLD but Extraction is 60 MLD.
giving daily overdraft of about 20 MLD )
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~ Population growth in KTM Valley -

Population growth prediction in 1994

Area 1991 growth 2001 growth wn growth 2021
rate rate rate
Municipal 598.328 50 975,000 4.0 1.446.000 20 1.759.000
Rural 466,371 20 571.000 12 506,000 20 414.000
Total
1064899 | 38 | 1546000 | 23 | 1.949.000 Ll 2,173,000
Valley

Sowrce: GON. 1994

Household increase from 1971-2001
Year Location 1971 1981 1991 | 2001
Kathmandu 59,507 67,933 | 127,196 (235,387
Lalitpur 26,578 29,943 | 45,682 | 68,922
Bhaktapur 18,908 25,047 28,16Q,| 41,253
Kathmandu Valley 104,993 | 122,923 201,038 345,562

Soutce: Urban Growth and s Impact on Liveiihood on the Kathmandy Valiey
Pravakar Peadhan and Ranjin Parera, February 2005 UMP - Asia Occasiona Paper No 63

Static Water

.

Water Table has fallen down in Manohara,
Gokarna, Bansbari and Bhaktapur wells

» Water table unchanged since "84 in Duwakot,
Phutung, Danchi & Dhobi Khola

* NGD - Average decline 1.7m/year

* CGD - Average decline-1.5m/year

* SGD - Average decline 0.3m/year

« Possible impact is the land subsidence

« Lucknow: groundwater level is declining by an average
of 73 cm per year

+ Six lakh litres of groundwater extraction daily

« There is threat of massive land subsidence in next 15
years

« Bangkok: facing serious problems of land subsidence

due to over-exploitation of groundwater

Land subsidence has reached almost 2 m at some

places (KUHN Friedrich et al)

Land subsidence cases observed in many mega cities &

will be in Kathmandu as well !!!!

~ Age of Ground W
+ 9,000 to 29,000 year (JICA, 1990)

+ 200,000 year (Australian Geological
Survey Organization, 1997)

* Mining of ground water
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g e e Potential locations for infiltration dams
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* Rain Water Harvesting
+ Infiltration Dams \ Py

* Artificial recharge

Fluvial and lacustrine sediments in Kathmandu Valley Groundwater Pollution n Kathmandu Valley

Presence of Coliform

WHO, 1972 JICA, 1990 AGSO, 1995
Location [Depth|Location [Depth [Location |Depth
Lagan GK3 New Road

BirH 274 |BB 6 Tripuresor
Bode 135 |BB 8 Balaju
Okalgaon 56.4 |Pepsicola Balaju

Bansbari 112 [Everest Tripuresor
Sundarijal 167 |Sheraton Balaju

Balaju

undwater Pollution

Presence of Coliform P of Arsenic

EGP 1997 | Melamchi P, 2000 NWSC, 2004
Location [Depth|Location [Depth [Location [Depth
Tripuresor Herb P 230 |Anam nagar
BHD 5 Teku H 300 |Lagan
Gokarna Balaju 153 |Tripureswor
Imadol Bansbari 238 |Sipradi
Lubhu Gongabun 100 |Kuleswor
PepsiC N 234 F‘ﬁv':z‘i":‘,.‘::
Pharping deep tul
Anapurna H s
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~ Ground Water Pollution cases

Apache Nitrogen Products (ANP) began operations

near St. David, Arizona since 1922 manufacturing

industrial chemicals and

ANP Inc. agrees to $5 m

explosives

illion groundwater and soil

cleanup work at its production Site

Union Carbide (pesticide) Factory has been

contaminating land and water of Bhopal for more

than 25 years

Groundwater in areas even three km away from the

factory contains almost 40 times more pesticides than

Indian standards.

No such serious case reported in Kathmandu Valley

Tube Well Construction

The process of “well development” is
critical to optimizing well performance, yet
too often it is not given proper priority in
the overall well construction, Said Mike H.
Mehmert, director of sales and marketing
Johnson Screens, Weatherford company

Schematic Diagram of Well Design in normal practice
Grouting Top sail, Clay
Sticky clay
Coarse sand
Sticky clay
Screen Coarse sand
Siit
Graval
Pack
Sticky Clay
Fine sand
Blind ipe Sticky clay
Gravel
Sticky Clay
Coarse sand
Sticky Clay
Details of Grouting/Sealing of Deep tubewell
Tubewell Total |Drilling Grounting|Depth to |Remarks
Location Dpth |Company |Depth  |First Screen
Kalanki 160 |NISSAKU 48 123 |Cement
Yak & Yeti H| 292 ™ 30 190 o
|Shankar H | 260 - 30 203 y
Scaltee H 312 = 30 216 n
Parasi 80 o 73 75 |Cement
Clay Chips
Tl Airport 225 |NADCO 133 183  |0-55m Cement
55-133 Clay balls|
Nursing C. 75 g 15 49  |Cement

‘ Schematic Diagram of proposed Well Design
Top soil, Clay
Sticky clay
Sealing Coarse sand
(Bentonite Sticky clay
& cement) Coarse sand
Silt
Bentonite chip Sticky Clay
Gravel
Pack Fine sand
Blind ipe Sticky clay
Grawel
Sticky Clay
Screen
Coarse sand
Sticky Clay
What next to do?

Effective use of water
Personal Habit
Bottled water. other industries
Recharge
Identification and protection of recharge arca
Rain water harvesting
Infiltration dams
Artificial Recharge
Regular Monitoring
Groundwater table
Groundwater Quality
Land subsidence
Explore for other water sources
Hard rock aquifers
Karst aquifers
Full fledge Institution for investigation, monitoring.
groundwater
National guidelines for well construction and completion
Act, Policy. rules & regulations about all aspects of Groundwater resource

. licensing and regulating
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» Rain Water Harvesting

+ Infiltration Dams

+ Artificial recharge

Presence of Coliform
WHO, 1972 JICA, 1990 AGSO, 1995

Location |Depth|Location |Depth [Location |Depth
Lagan CGK3 New Road
BirH 274 |BB6 Tripuresor
Bode 135 |BB 8 Balaju
Okalgaon 56.4 |Pepsicola Balaju
Bansbari 112 |Everest Tripuresor
Sundarijal 167 |Sheraton Balaju

Balaju

Presence of Coliform Presence of Arsenic

EGP 1997 | Melamchi P, 2000| NWSC, 2004
Location [Depth[Location [Depth [Location [Depth
Tripuresor Herb P 230 [Anam nagar
BHD 5 Teku H 300 |[Lagan
Gokarna Balaju 153 |Tripureswor
Imadol Bansbari 238 [Sipradi
Lubhu Gongabun 100 |Kuleswor
Pepsi C " 234
Pharping
Anapurna H

' Faecal coliform
\ bacteria in
deop tubewelis
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Concluding Remarks

National Symposium on

Challenges and Opportunities for
Sustainable Management of Groundwater
Resources of the Kathmandu Valley, Nepal

Monday, 28th December 2009, Kathmandu, Nepal

CREEW & SEN

National Symposium on
Challenges and Opportunities for Sustainable Management of
Groundwater Resources of the Kathmandu Valley, Nepal

Objectives

- To identify quantitative, qualitative
and legislative issues of
groundwater use in the Kathman:
Valley
To identify remedial measures to
improve quality of groundwater in
the Valley
To identify groundwater recharge
potential and prospects of artificial
recharge in the Valley
To raise awareness on significance
of groundwater and its current
status in the Valley

National Symposium on
Challenges and Opportunities for Sustainable
Management of Groundwater Resources of the Kathmandu
Valley, Nepal

Opening Session (Keynote
peeches)

Dr. Roshan Raj Shrestha
“Rainwater harvesting for
groundwater recharge in the
Kathmandu Valley”

Dr. Sangam Shrestha
Groundwater and climate
change: No longer the hidden
resource

National Symr
Groundwate DU

Monday, 28th Decemb Kathmandu, Nepal

Jointly Organized by:
~ Center of Research for Environment Energy and
Water (CREEW)

— The Small Earth Nepal (SEN)

Paralle! Program:

Exhibition and prize distribution of Nationwide Open
Photography Competition on the theme
“Groundwater: today's matter, manage it
sustainably for better future”

National Sym, um on
Challenges anc
Groundwater Resources of the

Opening Session

Prize Distribution to ﬁ Winners of the
ationwide Open Photography Competition

First Mr. Subhadin Gautam

Second: Mr. Sisan Baniya

Third: Mr. Darpan Adhikari

Consolations Mr. Prajwal Bhattarai
and Mr. Milan Budathoki

Prize and Certificate distributed by:
Prof. Futaba Ki
Dr
Dy 9
Mr. Sharad Rai

Keynote Speeches
Dr. Roshan R. Shrestha

+  High extraction of deep and shallow
groundwater extraction
Arsenic and ammonia contamination is very
high
Only small area (10%) is sufficient to increase
the groundwater table in the Valley
Focused on challenge about the storing
rainwater harvesting
Need to identify recharge zone, need to
monitor groundwater quality and quantity along
with research development
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Keynote Speeches
Dr. Sangam Shrestha

« Degradation of groundwater quality by
sea level raise.
Focused about the adaptation strategies
to manage groundwater.
Need to promote water harvesting
technologies since climate change will
add to existing pressure on groundwater
resources.

Technical Session : 1
Key Conclusions

The isotopic analysis shows that there is heterogeneous
recharge sources of the Katnmandu Valley

Most stone spouts are drying out and the water are
contaminated

Water users are to be categorized on the basis of level
of extraction/mode of use

Quality parameters of most of the area of Kathmandu
valley's groundwater are found to be within the limit of
WHO standard

The time has come to think about the Green water along
with the Blue one as we have to be serious about future
food supply

Technical Session : 1
Key Recommendations

Regulatory mechanism of groundwater
should be implemented or should have

license

Better treatment, effective maintenance of
water reservoirs and proper management
of waste water should be necessary.

Chairs: Dr. Khada Nanda Dulal and Mr. Jagadishwor Karmacharya

Dr. Saroj K. Chapagain (University of V‘
Yamanashi, Japan): Groundwater ’
quality

Ms. Pramita Maharjan (NGO Forum):

Enumerator, mapping and water

quality analysis of traditional stone

:pouts in Kathmandu Metropolitan
rea

Mr. Basanta Adhikari (Pro-Public,
Nepal): Regulatory framework on
groundwater extraction in Nepal

Dr. Bhoj Raj Panta (NAST): Groundwater
quality in the Kathmandu Valley

Mr. Madhukar Upadhyaya (SchEMS):
Groundwater sustainability and
future food supply

Technical Session : 1
Key Recommendations

» There is a need of further collaborative
research to understand the groundwater
sources of the Valley

« Preservation and protection of stone
spouts are essential and awareness &
motivation on quality assessment is
necessary

Chairs: Mr. Dhiraj Pradhananga and Mr. Sanjeev Kumar Dhungana

Prof. Futaba Kazama (University of
Yamanashi, Japan): Research
work in groundwater in Kofu and
Kathmandu.

Dr. Suresh Das Shrestha (Central
Department of Geology, TU)
Potential for shallow groundwater
recharge from rainwater in
Kathmandu Valley under the
perceived impacts of climate
change

Mr. Prakash Amatya (NGO Forum)
Policy framework for rainwater
harvesting in the urban Nepal

Mr. Naba Raj Shrestha (Department of
Irrigation, Nepal): Groundwater
status in the Kathmandu Valley
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Technical Session :
Key Conclusions

» Recharge of shallow and deep aquifers
are important to recharge groundwater in
Kathmandu Valley.

+ Ammonia of groundwater can be reduced
by cheaper technology.

« |dentification of infiltration ponds, rainwater
harvesting specially in the northern part of
Kathmandu Valley might be useful due to
its geological formation.

Moderator: Dr. Sangam Shrestha
Rapporteurs: Mr. Shakti P.C. and Ms. Maneesha Shakya

Panelists:
. Prof. Futaba Kazama, University &
of Yamanashi, Japan L
Mr. Basanta Adhikari, Pro-
Public, Nepal
Mr. Naba Raj Shrestha,
Department of Irrigation, Nepal
Dr. Suresh Das Shrestha,
Central Department of Geology,
Tribhuvan University, Nepal
Dr. Narayan Upadhyaya,
ENPHO, Nepal
Mr. Indra Kumar Maharjan,
KUKL, Nepal

¥
il
%

Panel Discussion
Key Responses

Conservation areas as well as regulation on
monitoring system should be better option to
preserve gw

Kits might be useful for quality of gw

Commercial organizations shall have monitored
for charging tax

Should not be allowed to permit to extract water
everywhere

Proper management of waste water is needed

1.

Technical Session 2
Key Recommendations

Policy framework of rainwater harvesting
should be essential to recharge
groundwater specially in Kathmandu
Valley

There is an urgent need to follow act,
policy, rules and regulation about the all
aspect of groundwater resources

Key Questions

How to preserve the groundwater recharge
areas for the Kathmandu Valley?
Agreed to preserve the recharge areas

. How to enforce tariff and/or tax for groundwater

extractors?
Commercial users need to be taxed

. How to promote and implement groundwater

treatment techniques?
Simple technologies should be promoted and
expanded.

Panel Discussion
Key Responses (contd.)

Should promote rainwater harvesting
including governmental organizations
Private companies and governmental
organizations both should

78|Page



Annex Il: Program Agenda

National Symposium on Challenges and Opportunities for Sustainable Management
of Groundwater Resources of the Kathmandu Valley, Nepal

Monday, 28 December 2009, Kathmandu, Nepal

MC: Ms. Kanchan Shrestha

8:30 Arrival
8:30-9:00 Registration
Opening Session

9:00-9:10 Welcome speech (Mr. Sanjeev Kumar Dhungana, CREEW)

9:10-9:20 Introduction of the symposium (Ms. Isha Manandhar, SEN)

9:20-9:35 Prize distribution to the winners of the nationwide open photography
competition on ‘Groundwater: Today’s matter, manage it sustainably for
better future’

9:35-10:05 Keynote | Dr. Roshan Raj Shrestha (Water for Asian Cities Programme,
speech UN-HABITAT): Rainwater Harvesting for Groundwater
Recharge in the Kathmandu Valley

Dr. Sangam Shrestha (Asian Institute of Technology (AIT),
Thailand): Groundwater and Climate Change: No longer the
Hidden Resource

Coffee Break (10:05-10:20)

Technical Session I: Presentation (10:20 — 12:00)
Chairs: Dr. Khada Nanda Dulal and Mr. Jagadishwor Karmacharya

10:20-10:40 Dr. Saroj K. Chapagain (University of Yamanashi, Japan): Application of
Stable Isotopes (D and !0) to Evaluate Groundwater Recharge
Characteristics of Kathamandu Valley.
10:40-11:00 Ms. Pramita Maharjan (NGO Forum): Enumeration, Mapping and Water
Quality Analysis of Traditional Stone Spouts in Kathmandu Metropolitan
Area
11:00-11:20 Mr. Basanta Adhikari (Pro-Public, Nepal): Regulatory Framework on
Groundwater Extraction in Nepal
11:20-11:40 Dr. Bhoj Raj Panta (NAST): Groundwater Quality in the Kathmandu Valley
11:40-12:00 Mr. Madhukar Upadhyaya (Institute for Social and Environmental
Transition- Nepal): Groundwater and Food Security

Lunch Break 12:00 — 13:00
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Technical Session I1: Presentation (13:00 — 14:20)
Chairs: Mr. Dhiraj Pradhananga and Mr. Sanjeev Kumar Dhungana

13:00-13:20 Prof. Futaba Kazama (University of Yamanashi, Japan): Research Work for
Groundwater in Kofu and Kathmandu
13:20-13:40 Dr. Suresh Das Shrestha (UEMS,Central Department of Geology, TU):
Potential for Shallow Groundwater Recharge from Rainwater in Kathmandu
Valley under the perceived impacts of Climate Change
13:40-14:00 Mr. Prakash Amatya (NGO Forum,National Steering Committee on
Rainwater Harvesting): Policy Framework for Rainwater Harvesting in the
Urban Nepal
14:00-14:20 Mr. Naba Raj Shrestha (Department of Irrigation, Nepal): Groundwater
Status in the Kathmandu Valley

Coffee Break (14:20-14:50)

Panel Discussion on Challenges and Opportunities for Sustainable Management of
Groundwater Resources of the Kathmandu Valley (14:50 — 16:25)

Moderator: Dr. Sangam Shrestha
Rapporteurs: Ms. Maneesha Shakya and Mr. Shakti P.C.

Panelists:
Prof. Futaba Kazama, University of Yamanashi, Japan
Mr. Basanta Adhikari, Pro-Public, Nepal
Mr. Naba Raj Shrestha, Department of Irrigation, Nepal
Dr. Suresh Das Shrestha, UEMS, Central Department of Geology,
Tribhuvan University, Nepal
Dr. Narayan Upadhyaya, ENPHO
Mr. Indra Kumar Maharjan, KUKL

16:25-16:40 Concluding Remarks (Mr. Dhiraj Pradhananga, SEN)
16:40-17:00  Vote of Thanks (Ms. Kanchan Shrestha, SEN)

Closing (17:00)
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Annexes Il1: List of Participants

S.N. | Name Organization Phone Email
1 Achyut Dahal SchEMS 9841419423 dahal.achyut@gmail.com
2 Anil Sthapit NGO Forum 0142042122 anil573@yahoo.com
3 Anushiya Shrestha CAS 9841578434 anushiyal23@hotmail.com
4 Arpana Adhikari The Rising Nepal 9841166060 arpu-adi@yahoo.com
5 Ashok 9841221013
6 Ayushman Shrestha CAS Trading 9808028381
7 Basanta Adhikari Pro Public 9841373911 adhikaribnp@hotmail.com
8 Bhuwan Shrestha ggﬁg:%ater Drilling 9851072727 groundwater@gmail.com
9 Bina Khadka CAS 9841191028 | binakhadka2010@hotmail.com
10 | Bishal J.Tamrakar Media House 9841157767
11 Chakshu Malla SEN 9841729965
12 | Daulat Jha Paila 9841080185 daulat.jha@gmail.com
13 | Dhiraj Pradhananga SEN 9841218296 smallearth@wlink.com.np
14 | Dibas Panta SUN 9841633709 dibpant@hotmail.com
15 | Dick Thapa WWF Nepal 9841059591
16 | Dinesh Amatya SEN 9841300658 dineshamatya@yahoo.com
17 | Dinesh Thapa Himalayan Times 9803981451
18 | Dr. Bhoj Raj Pant NAST 9841347972 bhojrajpant@yahoo.com
19 | Dr. Khada Nanda Dulal CREEW 9841415660 kndulal@hotmail.com
20 | Dr. Narayan Upadhyaya | ENPHO 9841448995 npupadhyaya56@yahoo.com
21 | Dr. Roshan Raj Shrestha | UN Habitat
22 | Dr. Sangam Shrestha AIT 9741004126 sangam@ait.ac.th
23 Dr. Saroj K Chapagain University of Yamanashi sarojchapagain@yahoo.com
24 | Dr. Suresh Das Shrestha | TU 9851084659 suresh1958@hotmail.com
25 Hari Gajurel Image News 9841197236 sapana.journalist@yahoo.com
26 Indra Kumar Maharjan KUKL 9841251514 indramaharjan@gmail.com
27 | Isha Manandhar SEN 9841507075
28 | Ishwor Thapa Global News 9849158444 ishwart@gmail.com
29 | Iswar Man Amatya IOE 9851051722 iswar@ioe.edu.np
30 | Iswor Barakoti SEN 9751001995
31 f(agfrg:cr;]"gfyra DHM 9851005733 jagadish@dhm.gov.np
32 | Jeeban Panthi CDES/TU 9841516390
33 | Kanchan Shrestha SEN
34 | Karmath Subedi NRCT 9841276483 karmath.subedi@gmail.com
35 | Keshab Hari Thapa Prof. 9741157622
36 M.B. Amatya N.P.C.N 9841122401
37 | Madan Adhikari SEN 9841020102 | adhikari-madan@hotmail.com
38 | Madhukar Upadhyaya ISET 9841599117 madhukaru@gmail.com
39 Maneesha Shakya CREEW 9841545497 | maneeshashakya@hotmail.com
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mailto:karmath.subedi@gmail.com
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mailto:madhukaru@gmail.com
mailto:maneeshashakya@hotmail.com

40 Manisha Sthapit 9841399943 manisha.sthapit@yahoo.com
41 | Milan Budhathoki Freelancer 9841410718

42 | Naba Raj Shrestha DOI 9841320364 nrbina@gmail.com

43 Naoki Kundo University of Yamanashi kondo.naoki@gmail.com
44 | Narendra Sitoula IOE,TU 9841407022 nrsitoula@yahoo.com

45 | Poojan Bhandari SEN 9841668464 | poojan_bhandari@hotmail.com
46 | Prabesh Manandhar CAS Trading 9803971390

47 Prakash Amatya NGO Forum 9851057910 prakashu@mos.com.np
48 | Prakash Gaudel 9849272044 pea-zee@yahoo.com

49 | Prakash Shrestha SEN 9849047558

50 | Prakash Silwal ACME Engg 9841058051

51 Pramita Maharjan NGO Forum 9841435597 pramita.maharjan@gmail.com
52 | Prof. Futaba Kazama University of Yamanashi kfutaba@yamanashi.ac.jp
53 | Puja Thapa CAS 9841503291 pujal00@hotmail.com

54 | Er. Rajendra Chiluwal DRHP 9846127914 rajchi7z5@gmail.com

55 | Ram Bdr Bista Tarun Weekly 9849361694

56 | Ramita Shrestha CAS 9841335862 mail-to-rani@hotmail.com
57 | Rashmi Gochhen CAS 9841906178 | rashmigochhen@hotmail.com
58 Rojani Manandhar NGO Forum 9841763248 itsrojanim@gmail.com

59 | Sachin Pant SEN 9841712855 pantbrother@hotmail.com
60 Sameer Sharma Abhiyan Times sangams21@gmail.com
61 | Sangeeta Maharjan SEN 9741012439 sh-maha@hotmail.com

62 | Sanjeev K Dhungana CREEW 9841607711 | sanjeevdhungana@yahoo.com
63 | Sarad Rai KU 9803542960 sarad-rai@hotmail.com
64 | ShaktiP.C. SEN 9841394411 shakti.pc@gmail.com

65 | Shankar Shah Rastriya Patrika 9845032390

66 Sisan Baniya Apex College 9841467913 twain32_sisan@hotmail.com
67 | Soni Aryal CAS 9841017362 aryalsoni@hotmail.com
68 | Subhadin Gautam Shankar Campus 9841293531

69 Sudharsan Rajbhandari SEN 9841236755 sudharshanraz@hotmail.com
70 Sujan Shrestha University of Yamanashi 9841266851 sujan-353619@yahoo.com
71 | Sundar Layalu ICC-BC/SEN 9851096572 sundar.layalu@gmail.com
72 Sunil Acharya CREEW 9841528699 sunilacharya@gmail.com
73 | Sunita Khatiwoda SEN 974110254 sunitakhatiwoda@gmail.com
74 Sunita Lohani Rastriya Path 9849153814 sisonulonu30@gmail.com
75 | Suraj Bishanka TU(micro) 9841448319 suraj.apple@gmail.com
76 Sushma Acharya EYES Nepal 9841465984 sugav123@hotmail.com
77 | Tripti Kharel CREEW 9841367337 khareltripti@gmail.com
78 | Umesh Tiwari Solidarity 9808119727
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Photo by Subhadin Gautam (1*" Prize) Photo by Sisan Baniya (2°¢ Prize)

Photo by Prajwal Bhattarai (Consolation) Photo by Mandira Maharjan
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Photo by Prakash Gaudel Photo by Madhu Chhetri
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Photo by Kiran Adhikari Photo by Susheel Shrestha
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Photo by Niraj Yogal Shrestha Photo by Nijan Yogal

The winners
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Center of Research for Environment Energy and Water (CREEW) is a non-
governmental organization, which brings together experts and students in different
disciplines of environment to conduct researches and developmental activities
related to environment, energy and water. -

The Small Earth Nepal (SEN) is a non-governmental organization developing
students-teachers-scientists (STS) networks to promote sustainable lifestyles through
education and knowledge sharing. SEN supports activities that reduce our adverse
impact on the environment. o

Center of Research for Environment Energy The Small Earth Nepal

and Water 626 Bhakti Thapa Sadak
Kathmandu-29, Samakhusi Naya Baneshwor

P O Box 25563, Kathmandu, Nepal P O Box 20533, Kathmandu, Nepal
Tel: 977-1-4350987 Tel: 977-1-4782738 ~
Email: creew2008@yahoo.com Email: smallearth@wlink.com.np



