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Making Bhaktapur a rain-efficient city

Rajani Shrestha (Joshi)?, Sunil Duwal?, Suman Duwal?

Abstract

The potential use of rainwater to solve
the water related problem of Bhaktapur
Municipality of Nepal will be the prime target.
The available data, expert’s consultation,
archival data, reports and researches were
used to analyze the use of rainwater to
manage the water stressed Bhaktapur
Municipality. We have presented the
principles of Bhaktapur Municipality to make
Bhaktapur City a rain-efficient city. The
provision of installation of Rainwater
Harvesting in the household level,
institutional level and recharge of the
groundwater from the existing wells for
future use of the water from the recharged
shallow aquifer will solve the problem of
water supply to some extent and will be
helpful in managing the urban flood and
overloading of the sewage treatment
facilities.
Introduction

Almost all the human civilizations and
settlements have flourished within the
vicinity of the water bodies. Water is the
source of the human civilization. The
availability of the clean water is the most
important aspect for the development in
various aspects of human activities. The
development of the human civilization starts
with the availability of the water and in most
cases the civilization ends due to water. From
the ancient time, the height of the civilization
is determined from the usage and
management of the water (Haq, 2017; Novak
& Giesen, 2014). Nepal being a mountainous
country with most of the large rivers are snow-
fed and originating from the mountains.
Similarly the moist air from the Bay of Bengal,
due to orographic lifting by the hills and
mountains causes rainfall which has helped

in the feeding the rivers originating from the
Mahabharat and Chure ranges. With around
6000 rivers and rivulets, Nepal is one of the
rich countries in the context of availability of
the fresh water source, however, most of the
urban settlements in the country are water
stressed due to geographical location and
concentration of population in the
comfortable areas. This problem is faced by
the almost all cities of Nepal including the
cities within Kathmandu valley.

Every civilization got evolved from
the source of water, mainly rivers such as Nile
civilization, Mohenjodarro/Harrappa
civilization etc. In Nepal within Kathmandu
valley, Bagmati civilization has been evolved
since 6th century as “Pranali” in the form
of”Hiti” stone spouts and these seen today
are from medieval period regarded as “Kirti”
(Pradhan 1990). These stone spouts were
supplied through canals named “Rajkulo”
established for religious and social
purposes. This system starts from foothills
and supply water to the “Hitis”, recharge the
shallow aquifer and provide supply for
farmlands (Raimund and Becker 1990; Pun
2001; Tiwari 2002; Shrestha and Shrestha
2002). At present, this system is out of
function in Kathmandu Valley due to rapid
urban growth / migration (Gautam, Thapa, &
Prajapati, 2017).

The unplanned urbanization and
population pressure in the cities inside the
valley raised problems in various fields
including water. The increasing population
and shrinking surface water sources,
Kathmandu valley is suffering from the water
shortage. Various plans including the
Melamchi project are in pipeline, however, it
looks like the problem will not be solved from
the project alone.
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Study Area

Bhaktapur was founded in 8th century
and has been the capital of Nepal
Mandal(Kathmandu Valley) until 18th century
AD from where the Newar culture was
established. During the, medieval period art
and architecture including culture reached to
high level of time due to abundant availability
of source of life line, the water. The town is
surrounded by Hanumante river to the south
and Khasankhusung river to the Northeast
(Figure 1). These rivers have religious and
ritual values till date. Thus every activity from
dawn to dusk and rituals from birth to death
and all kinds of festivals celebrated
throughout the year according to the season
are associated with use/availability of water
that became daily life and culture of Newar
people of Kathmandu Valley.

Bhaktapur district located 12km
towards East of capital Kathmandu in the
Kathmandu Valley. Bhaktapur Municipality is
one of the smallest municipalities of the
district with 6.88km?(Figure 1). Bhaktapur
Municipality is densely populated town from
8th century dates back from Lichhabi regime.
Even before Malla regime, in 13"Century
water supply system existed in Lichhabi
period. During Malla period, water supply was
made advanced through Rajkulo system from
the catchment areas from the foothills of
Bhaktapur and connected to the city center to
Stone spouts (LowhanHiti in Newari and
DhungeDhara in Nepali). Similarly several
ponds and wells were constructed to recharge
ground water as well as for the domestic
purpose and to enhance the micro climate of
the city(Diwakar, Yami, & Prasai, 2008).

Figure 1: Location of study Area(Bhaktapur Municipality)
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Present Scenario of Water Supply in
Bhaktapur Municipality

Regarding Bhaktapur Municipality,
municipal water supply has been managed
from two sources; Mahadev Khola in the east
and Tigni in the west. The supply from both
source are not enough even in the wet season
(HAZAMA ANDO CORPORATION and NIJS
CONSULTANTS Co., Ltd., 2015). The population
of Bhaktapur Municipality is around 81740
(Census 2011) and population that requires
water is around 92300 per day which includes
domestic and international tourists. In
Bhaktapur, water supply system s
intermittent with maximum 1 to 3 hours once
every 3-4 days. According to Kathmandu
Upatyaka Khanepani Limited(KUKL), the daily
maximum demand is 13.4 million liters per
Day (MLD) in 2012 and is expected to increase
to 16 MLD. The demand has not been met from
the long time, however, city’s water has been
managed from two intake facilities at Bansbari
and Manohara River(Figure 2). KUKL has been
supplying water from Bansbari treatment
plant to wards 6,7,8,9 and 10, North East zone
and wards 1,2,3,4 and 5 towards South West
zone of the municipality has been supplied
from Bode Treatment plant. There is very high
deficit in the water demand and supply.
People has been managing water from the

=" Manchara Water Trestment Plant
' Bhaktapur Municipality

Figure 2: Location of the water supply distribution system of Bhaktapur

tanker supply from various private water
supply tankers, from the wells (Duwal, 2017).
Figure 3 shows the demand and
supply gap of water in Bhaktapur Municipality.
The demand gap of approximately 12MLD
water will somehow assumed to be fulfilled
with the completion of the ambitious
Melamchi Project in some fraction but the
increasing population will demand more
supply which can only be managed through
wise and sustainable water management. In
this regard, the solutions might be the use of
Groundwater which has lots of disadvantages
compared to its short term solution. Other
solution might be the rejuvenation of the
traditional system for example the Rajkulo
System (Rijal, 1965) and groundwater recharge
using the ponds/ wells etc (Gautam, Thapa, &
Prajapati, 2017).To overcome the water
shortage in the municipality, Rainwater
Harvesting seems to be one the most
appropriate and sustainable solution in
comparison to other methods. When water
becomes scarce, rainwater is the obvious
supplementary alternative option for water
supply (Hag, 2017). The sustainable water
resource management needs proper analysis
of the problem, well materialised scientific
researches, synthesis and analysis from the
researches and finally a vigorous discussion
~on the most appropriate
solutions (Figure 4).
Rainwater harvesting
Rain water is the free
and nature gifted source,
with proper treatment it
can be used for drinking

Intake facility

purpose. The major
3 advantage of use of
.~~~ Bansbari digribution area . . .
\Bade Distibulion Barvole rainwater is the reduction

of the stress in the water
supply due to the use of
drinking water for other
" purposes and reduces
loads to sewers.

Municipality (HAZAMA ANDO CORPORATION and NJS CONSULTANTS Co., Ltd., 2015)
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Figure 3: water bemanad and supply In Bhaktapur
Municipality (HAZAMA ANDO CORPORATION and NJS
CONSULTANTS Co., Ltd., 2015)

Furthermore the interception of the rainwater
from reaching to the river reduces the
magnitude of flood in urban area and reduces
soil erosion. Similarly, the shallow aquifer can
be recharged with the use of rainwater in
groundwater recharge by installation of
recharge facilities or the recharge of the
existing wells (Haqg, 2017; Novak & Giesen,
2014; Duwal, 2017; Novak & Giesen, 2014). The
harvesting of the rainwater includes collection
of the rain and storage in tanks or recharge of
the groundwater. The use of rainwater is not
a new technology for Nepal. There are several
evidences that rain has been harvested for
irrigation, livestock use in the form of ponds,
stone spouts from the prehistoric time
(Dhaubhadel, Bhaktapurko Rajkulo ra Tyasko
Aawashyakta, 2009; Dhaubhadel, Jal
Samrachanaka Utkrista Vaastu-Dhungedhara,
2008; Rijal, 1965; Duwal, 2017; Gautam, Thapa,
& Prajapati, 2017). Rainwater collection is
practiced for the first time in recent history in
1960 Pokhara Hospital scientifically. Similarly

in the Mission Hospital Palpa. Similarly,
community level rainwater harvesting was
done by Peace Corps Nepal in the health post
of Ramechhap (Duwal, 2017). There are
numerous organizations that have been
working to response the water crisis using the
rainwater harvesting. For example, UN-
HABITAT in coordination with NGOFUWS and
in Partnership with the ministry of Physical
Planning and Works and Water Aid Nepal has
promoted rainwater harvesting (Tiwari, 2006).
Making Bhaktapur- a Rain Efficient City

To make Bhaktapur a rain efficient city,
a planned approach for the use of rainwater
must be carried out. There must be planning
in different level, such as in Municipality level,
Ward level and community/household level.
The conceptual planning of the water related
problem in Bhaktapur Municipality can be
described as in Figure 4. The municipality
needs to prepare regulations and guidelines
for rainwater harvesting in different levels of
constructions. Similarly, trainings for masons,
plumbers should be carried out by the
municipality in coordination with other
stakeholders. The findings of researches and
studies done in the field of water, related to
Bhaktapur municipality such as Duwal, 2017;
Gautam, Thapa, & Prajapati, 2017,Diwakar,
Yami, & Prasai, 2008,Ganesh, Koju, & Prajapati,
2017 will be used as the basis for solving water
related problem in Bhaktapur Municipality.
Bhaktapur Municipality has encouraged the
students and researchers to do studies related
to Bhaktapur Municipality. Municipality has
provided some fundings for the researches
with these studies and researches, the
situation analysis, need assessments will be
done and with the advice from the experts
applicable solutions will be discovered and
applied with the time being. Currently,
Bhaktapur Municipality is facing water crisis
and trying to manage on it in coordination of
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different organizations such Kathmandu
Uptyaka Khanepani Limited(KUKL) and private
water suppliers, however, the problem is still
escalating every year. To find out a sustainable
solution, in depth study related to hydrology,
groundwater, water quality and water
resource management must be done. One of
the sustainable solution might be the Rain
Water Harvesting(RWH) which does not need
huge budget and sophisticated technology.
With the use of simple technical human
resource and available materials, RWH can be
applied at household level and this seems to
be one of the appropriate to apply in
Bhaktapur.

PROBLEM

SOLUTION

o
wast er Management system
4. Ralewater Harvewlng.

STUDIES/
RESEARCHES

ANALYSIS/
SYNTHESIS

Figure 4: Conceptual diagram for solution of
water problem in Bhaktapur

Potential Rain Water Harvesting Scenario
Bhaktapur Municipality is water-
stressed, so it urgently needs some sources
to fulfill the water demand. The historical
evidences show that, there was a systematic
water management using rain. The systematic
use of rainwater for irrigation and water
supply using rajkulo system managed the
water need of Bhaktapur City. Due to
increasing population, use of municipal
supply from Bansbari and Bode will not solve
the problem. Even distribution of water from
Melamchi project does not seems to solve

even a significant fraction of the problem. For
this Bhaktapur Municipality must go further
to solve the problem by rejuvenation of the
traditional technology and proper utilization
of the rain water by harvesting in the
household, community and institutional
levels.

The coverage of the builtup area of
Bhaktapur municipality (houses only) is
around 0.9km?in 2015(Duwal, 2017). The
analysis of the rainfall data from the year 1971
to 2014, 80% dependable rainfall data was
calculated and the scenario of the rain water
harvesting from the household when 10%,
30%, 50% and 80% houses uses RWH are
shown in Table 1 and Figure 5. The scenarios
were created assuming the short term and
long term goals for rainwater harvesting
installation in the households. From this
scenario analysis, it can be observed that with
installation of RWH in 80% of the households,
the domestic demand can be fulfilled up to
36.6% (Table 1) in the wet season. In the recent
years, the demand is not fulfilled even in the
wet season and this problem seems to
escalate in the coming years as the sources
are shrinking and demand is increasing. To
address this issue, the sustainable solution
will the use of RWH for some extent of
fulfillment of the demand.

3P el &R, Tleh, Aol T IR
BIg ifor gTett 31 AT o} |
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Table 1: Water Demand and Rainwater Harvesting Scenario

Month Awverage B80% Monthby Raln Water Harvesting Bulltup Percentage
rainfall Dependable Water Area [m°) Demand
{mim) rainfallimm) Demand{m’) Fulfilled for
80% BO% 30% 10% when B80%
household
have RWH
lan 130 06 40200 368 230 138 46 01
Feb 216 56 3228 2018 1211 404 08
har 31.9 23 4780 2988 1793 598 12
Apr 575 202 11599 72448 4350 1450 25
hay 129.7 791 45533 28458 17075 | 5092 11.3
Jun 2573 1553 89361 55851 33510 | 11170 222
Jul et 256.0 147319 | 92074 55245 [ 18415 366
Aug 3401 2471 142150 | 88848 53309 [ 17770 354
Sep 1841 113459 65561 40970 24585 | 8195 16.3
Oct 472 7.2 41249 2581 1548 516 10
Mow 5.6 0.0 O O i O 0.0
Dec 10.9 00 O 0 o 0 00
Monthly Demand
Examples of the sucessful
450000 . . .
Rainwater harvesting in
A00000
+5000 Bhaktapur
300000
% 0000 a) Institutional RWH at Khwopa
£ 200000 Engineering College
” 150000 Khwopa Engineering
100000 College has installed
<0000 Rainwater Harvesting
0 from it
lan Feb Ml At Mlay By Bl Aug Sep Ot Mo Dec
Maonths

b) Community Level Rainwater
Harvesting at Libali

— HWH from 80% household = WH bom 50% howsehold o RWH from 30% household

— twWH from 10% household Monthly Water Demand({m3)

c) Household level Rainwater

Figure 5: Demand and scenario of supply from Rain Water with .
Harvesting

application of RWH in househol ds (Cal culation based on Duwal, 2017
for rainfall data and building coverage data)
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Figure 7: Proposed RWH planin Bhaktapur Municipality Office

Rainwater Harvesting and Groundwater
Recharge

The recharge of the shallow aquifer
will solve at least a fraction of water that is
used for non-drinking purpose or with proper
treatment even can be used for drinking as
well.

The harvested rainwater can be
stored in two ways, 1) Storage Tanks and 2)
Recharge of the ground water through wells.
In case of Bhaktapur there are more than 220

public wells (Diwakar, Yami, & Prasai, 2008)
and 84 stone spouts (Bhaktapur Municipality,
2017) and 35 Ponds whose source of the water
is the rain. These sources, specially wells and
ponds can be used for storage of the excess
rainwater that cannot be stored in the
household tanks. This will help in the
recharge of the shallow aquifer. The overuse
and low recharge of the shallow aquifers in
the urban area has significantly decreased the

| depth of shallow aquifer. In the urban areas,

the runoff coefficient in higher and
permeability is low so groundwater recharge
rate is very low. Rainwater from the roof, roads
and courtyards can be used to recharge wells.

g
Figure 8: Deep wellsin urban area that needs RWH for
GW recharge and rejuvenation of the wells (Well data
from (Ganesh, Koju, & Prajapati, 2017

In case of Bhaktapur Municipality, the
core city of Bhaktapur has numerous wells
whose water level has dropped due to less
recharge(Figure 6). These wells can be
rejuvenated from the recharge through the
rainwater. Most of the wells are surrounded
by houses or inside the courtyards so the
water from the roofs as well as the courtyards
can be used to recharge the wells using the
system shown in Figure 7. In case of the wells
inside the courtyard, water from the roofs
might not be available or might not be needed
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Figure 9: Rainwater Harvesting and Groundwater
Recharge System

for the recharge. The water from the roads

and courtyards can be used for recharging

after use of screens and gravel filters.

Future plans for Rain Efficient Bhaktapur

Municipality

Bhaktapur Municipality will make a
policy for harvesting rainwater during wet
season and store for the dry season through
municipal level, ward level and local/ level as
shown below.

1. LOCAL/ INDIVIDUAL LEVEL

i. Rain Water harvest in household /
residential level
New houses - abide with municipal
regulations in installing RWH(inbuilt
reserve tanks)

Existing houses - encourage in installing
RWH(container)

*Municipality will provide technical
assistance on installation.

ii. Institutional level - Schools/ Colleges/
Hospitals/Hotels & restaurants / Public
Toilets -abide municipal regulations in
installing RWH.

2. WARD LEVEL
i. Recharge of
- Well

- Stone spouts

- Ponds/ Water bodies

ii. Construction of reserve tanks in courtyards/
urban spaces where ever possible.

3. MUNICIPALITY LEVEL
I. Long Term Program
* Control runoff/flood
* Ground water recharge
Il. Mid Term Program
* Regulation for rainwater harvest
* Guidelines on
- Rainwater Harvesting installation
- Rainwater Harvesting management
- Rainwater Harvesting maintenance
- Construction of Reservoirs
lll. Short Term Program
* Awareness Programs on
- Rainwater Harvesting
-3Rs : * Reduce
*Reuse
*Recycle
* Trainings in Rainwater Harvesting
- Municipal level
- Ward level
- Community level
Discussion and conclusion
The major problem facing by
Bhaktapur Municipality is the water crisis. The
increasing population demands more and
more municipal water supply whereas the
sources of the water sources are shrinking
every year. The increasing urbanization has
decreased the groundwater storage as
infiltration of the rainwater is intercepted
which has affected the flow of the rivers in
the dry seasons. This problem needs a
sustainable solution. When water sources
decreases then ultimate solution is the
rainwater. Rainwater Harvesting is known to
be one of the best options for the adaptation
to water stress as it is decentralized and based
on household level. So Bhaktapur
Municipality is prioritizing this option of
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adaptation to water stress. Moreover, to make
this more effective, roof rainwater harvesting
(RWH) will be made mandatory in the bylaws
of building construction. Besides, people
should be given subsidies for setting roof
rainwater harvesting system in their existing
house. By doing so, there will be less pressure
in municipal water supply to some extent.
Local level training will be organized
frequently related to plumbing and designing
RWH to enhance the efficiency of the system.
Recharging the ground surfaces by the
rainwater in wet season may help to get water
from nearby wells in dry period. So in
community level, the rainwater from the
roofs, courtyards and streets will be diverted
with proper technique to the wells to recharge
the groundwater. Reservoirs will be
constructed wherever possible to store the
rain water during wet season.
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The surgical part of the operation was
certainly beautifully performed; but the
delay, want of consideration to the man’s
feelings, and utter indifference of the
spectators, were disgusting. There were
about three hundred or four hundred
spectators; but, curiously, among them | did
not see one single woman.

The moment the head was severed
there was a cry of | “Wah! Wah!” of applause
from the spectators at the skill shown by the
executioner, who turned round with the air
of a hero, evidently proud of the exploit. The
sword was cleaned and returned to the sepoy,
who refused to part with it, as he said he had
inherited it from his father, who had used it
much in the late war with, the English. It was
a very good blade, and very sharp. No one
touched or went near the corpse, which,
according to custom, was left on the ground
as food for jackals, vultures, dogs, &c.*

The crowd immediately dispersed,
evidently well pleased with the tamasha.

Since Jang’s return from England
executions have become comparatively rare.
Capital punishments are now confined to
cases of murder and culpable homicide. He
has greatly mitigated the severity of the
criminal code; and has altogether done away
with “mutilation” as a punishment. The only
case of mutilation of which | have heard since
Jang’s return occurred in 1852, and was richly
deserved. A man went about the country
giving out that Jang was intending to sacrifice
one hundred and fifty infants as a propitiation
to the deities, and that he (the prisoner) was
commissioned by Jang to select the victims.

* The body is not allowed to be burned or
buried ; it is very quickly eaten by the jackals, &c; the
bones alone, many of them gnawed and broken,
remaining strewed about. The ground is almost white
from them, and the place a regular Golgotha.

Of course this produced a great sensation in
the rural districts through which the man
went, and mothers hastened to offer him
large sums as bribes for him to pass their
children and take others. The man was
arrested, a grand parade assembled on the
Tunakhal, the culprit’s offence explained to
the troops, and his tongue (the offending
organ) cut out before them. He was then,
minus his tongue, led away through all the
districts where he had previously been, as a
warning to show the people not only the
falsity of his previous statements, but the
consequences of so gross and wicked a lie
against the powers that be.

“Capital” punishment is never carried
into effect against a Brahman. He has his head
shaved, is made to eat pork, offal, drink wine,
and, his caste having thus been taken from
him, he is taken to the frontiers and expelled
the country. Women also are never executed;
they are imprisoned, branded, caste taken,
sold as slaves, or expelled the country, or be-
nosed, but never executed. The cutting off
the nose is not, however, generally done by
Government; but is a private punishment,
usually summarily performed by the injured
husband on detecting a wife’s infidelity; he
takes off her nose with a kookery, and then
turns her out of his house.

Kali Sing, havildar of the Residency
guard, showed me one day the kookery with
which he had cut down a man who had
seduced his wife. He was at the time using it
to cut and pare some radishes, which he was
eating with great gusto. | asked him, “And what
did you do to the woman?” “Oh,” says he, “I
cut off her nose and turned her out of doors; |
gave her five rupees to prevent her from
starving.” He had kept possession, as in such
cases the fathers always do, of the children.
The woman loses caste, children, rank, home,
nose, and all.  (To be continued)
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