WATERSHED MANAGEMENT DIVISION
DEPARTMENT OF FORESTS AND PARK SERVICES
MINISTRY OF AGRICULTURE AND FORESTS

Assessment and Mapping of
Water Sources in Bhutan

(A comprehensive inventory and status of water sources used by
Bhutanese communities)

December 2021



~ ASSESSMENT AND MAPPING
¥ OF WATER SOURCES/SPRINGS
« IN BHUTAN

WATERSHED MANAGEMENT DIVISION
DECEMBER 2021



Report Prepared by:

1. Sigyel Delma, Chief Forest Officer, WMD, DoFPs, MoAF

2. Jamyang Phuntshok, Principal Hydromet Officer, WMD, DoFPs, MoAF
3. Kaka, Dy. Chief Forest Officer, WMD, DoFPs, MoAF

4. Dorji Gyaltshen, Sr. Forest Officer, WMD, DoFPs, MoAF

5. Ngawang Dorji, Sr. Forest Officer, WMD, DoFPs, MoAF

6. Kinley Dem, Sr. Forest Ranger, WMD, DoFPs, MoAF

ISBN: 978-99980-933-1-7

Suggested Citation:

WMD, 2021: Assessment and Mapping of Water Sources/Springs in Bhutan, Watershed Management
Division, Department of Forest and Park Services, Ministry of Agriculture amd Forest, Royal
Government of Bhutan.



Aak Ll b AL LRRCR ALa LI |
ROYAL GOVERNMENT OF BHUTAN
Ministry of Agriculture and Forests

LA A ANN

DEPARTMENT OF FOREST & PARK SERVICES

FOREWORD

Water source drying issue is widely reported in the Himalayan region. Studies have shown that
almost 70% of these water sources are half of what they were some years ago and as many as five
percent of the waterfalls which were once a common sight have already dried up. However, there
tends to be very little or no empirical evidence to support the claims, and they are mostly attributed
to the impacts of climate change on precipitation patterns such as rise in rainfall intensity, reduction
in its temporal spread, and a marked decline in winter rain, coupled with other anthropogenic
causes.

The issue is same in Bhutan and is frequently reported in the media. Some of the recent media
reports include drying of water source in Shaba under Paro dzongkhag, Kengkhar in Mongar,
Phangyul in Wangdue Phodrang and Dechenling in Pemagatshel Dzongkhags to name few.
Similarly, the study on local perception about climate change in Bhutan conducted by the erstwhile
Council of RNR Research of Bhutan and while conducting watershed assessments by WMD, also
reported increasing instances of springs and water holes drying up across the country.

Nonetheless, not much has been done in Bhutan also till now on assessment and quantification of
water sources to support the development of strategies to maintain or improve the water sources
and address the drying issues. With the completion of this exercise, it is hoped that the information
generated that include number of water sources currently used by Bhutanese people, their status,
one-time discharge amount and the condition of the watersheds where these water sources are
located and the publication of the report can provide guidance to devise appropriate conservation
measures to not only save the water sources, but also in making informed water related
investments. Therefore, we believe that, this report will go a long way in taking appropriate actions
in saving our water sources and in contributing to the fulfilment of the supply of 24/7 drinking
water to the people of Bhutan.

Finally, I would like to congratulate WMD and all the Field Offices under DoFPS for successfully
completing the exercise and publishing the report at this critical juncture, when water related
investments are being made through various initiatives. I would also like to extend my gratitude
to GEF-LDCF, REDD+ and BFL projects for making the fund available and supporting the
competition of the work as planned.

za orji
DIRECTOR

P.O Box # 1345, Thimphu, Tele # +975 (02) 321185/322487, EPABX #: +975 (02) 334458/334487
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1. BACKGROUND

Water is an essential element for life on earth. In fact, around two third of the human body is made
up of water — that is how important it is for us. We use water to drink, to wash and to cook our food,
grow crops and rear livestock. Without sources of water near to us, we would really struggle. There
are various different sources of water out there in the world, but surface water in the form of springs,
streams, lakes, rivers, ponds and marshes are the main water sources used by the humans.

However, the water sources have now started drying and the problem is being increasingly felt across
the Himalaya region, (Tambe et al, 2012). Almost 70% of the water sources across Himalaya are half of
what they were some years ago and as many as five percent of waterfalls which were once a common
sight have already dried up, (Bhatt, 2015, p.1). In the Indian Himalayan Region alone, nearly 50% of
the springs that cater to over 50 million people are drying up (www.downtoearth.org.in). Despite this,
the water sources which are mainly springs have not received due attention and continue to dry up due
to increasing demand for water, ecological degradation of the mountain areas and unsustainable land
use. Further the Climate change is expected to have a strong impact on water resources, especially in
the Himalayan region where the increase in temperature is higher than the global average (NOAA),
has significant effect on the melting cryosphere, the frozen water part of the Earth system that has the
ability to reflect some of the sun’s radiation back in to space and regulate our planet’s temperature.
Additionally, other impacts of climate change on precipitation patterns such as rise in rainfall intensity,
reduction in its temporal spread, and a marked decline in winter precipitation, coupled with other
anthropogenic causes may further deteriorate the issue of drying water sources.

Here in Bhutan, there are abundant water resources, with the highest per capita water availability of
94,500 m3, but the imbalance in terms of spatial and temporal distributions is leading to shortages in
local areas. While most of the rivers run along the valley bottom, the settlements are mainly located on
the upslopes and depend on smaller water sources such as springs, streams, lakes, ponds and marshes.
However, these water sources are reported persistently to be drying up from many parts of the country
and causes problems for local people in obtaining water for domestic consumption and irrigation.
NEC (2016) has reported drying of water sources as one of the major challenges and threats Bhutan is
facing presently and the issue is found to be one of the major issues in many of the watersheds assessed
across the country by the Watershed Management Division (WMD), Department of Forests and Park
Services (DoFPS). A preliminary mapping of water sources was carried out in 2018 by WMD, where
about 6555 water sources were mapped in 19 dzongkhags. The result indicated that about 35% (2317)
of the water sources are in drying state, 2% (147) has dried-up and remaining 63 % (4091) are in
similar condition as previous years (no changes in the status of the water sources). However, discharge
measurement to set a proper baseline on water flow was somehow left out in the exercise.

This problem will further aggravate in the future with increase in temperature and erratic rainfall
pattern, a likely scenario as per climate assessment report of National Integrated Water Resources
Management Plan (NEC, 2016). It is expected that the problems such as increasing population,
urbanization, management issues, and stakeholder participation or multi-sectoral coordination issues
(NECS, 2018) will further worsen the situation.
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Some of the recent reports in the media on water scarcity issue are highlighted for Shaba Gewog in
Paro, Gongdue and Kengkhar in Mongar, Phangyul gewog in Wangdue Phodrang, Dechenling in
Pemagatshel Dzongkhag and the issue of drying up of a lake in Tsirang . This issue was reiterated from
the golden throne on 12 September 2020 by our His Majesty, where water scarcity was highlighted as
one of the issues that need to be solved among other issues faced by Bhutan currently.

Given the importance of the issue, WMD, DoFPS in February 2021 had coordinated the mapping of
water sources in all of the 20 dzongkhags. The activity was to validate the information collected in
2017-2018 on water sources that were mapped, assess the water sources that have not been inventoried,
carryout discharge measurement (figure 1) and collect additional information to understand the
status of the water sources and embark on setting up baseline information on water sources in Bhutan.
Further, the mapping activity of 2021 also included assessment of watersheds where the water sources
are located and classified them in to pristine, normal, degraded or critical watersheds based on the
condition of the watersheds and the use of the water in the watershed. The watershed classification
information along with other resources will not only help understand the areas surrounding the water
sources better, but also help in designing intervention measures to improve both quality and quantity
of the water sources.

Figure 1. Measuring stream discharge

[2] Assessment and Mapping of Water Sources/Springs in Bhutan



2. OBJECTIVES

The overall objective of the assessment and mapping of water sources was to map the water sources/
springs that are being used for various purposes and set up the baseline information on the status (no
change, drying or dried up) of water sources in Bhutan.

The specific objectives include:

2.1 To assess the current status of water sources and their uses to validate the existing information
and take stock of the new sources

2.2 To measure water discharges
2.3 To assess the watersheds of those water sources and understand their current condition; and

2.4 To build a baseline information to study the trend of drying water sources across the country
and their underlying causes in the long term

3. APPROACH TO UNDERTAKING WATER
SOURCES/SPRINGS MAPPING

The assessment and mapping of water sources was carried out for all 20 Dzongkhags and 205 gewogs
in the Country and was carried out by the forestry field staft deputed in field offices in gewogs and
chiwogs located across the country. The activity looked into mapping the water sources/springs that
are used for different purposes by the communities along with the collection of required information.
The activity also looked into the georeferenced 6555 water sources that were mapped in 2017-2018
from the 19 Dzongkhags (figure 2), so as to validate their status and collect additional information,
where required. Any potential springs or water sources that might have been left out from the first
assessment was also mapped during the current initiative.

3.1 Data collection

The assessment and mapping of water source/springs was carried out based on the sources being
tapped rather than the number of tapping points. Even if a particular water source is tapped by several
households at different points, it is considered as one source. Therefore, the GPS points and discharge
measurements were carried out at the source or above tapping point closest to the source. Data
collection was done using the format in the AnnexI.
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Figure 2. Map showing distribution and status of water sources in Bhutan as per the
previous exercise conducted in 2017-2018

Following were the main steps followed to collect the data for validation.
3.1.1. Assessment of the status of water sources/springs through key informants.

Discussion with key informants provided information on the status and timeline of drying water
sources (if any), exact location of water sources, land use change and climate change with specific
reference to rainfall. Key informants included local elderly who have good knowledge of the area.

3.1.2. GPS points of springs/water sources.

Mapping of the water sources were done with the collection of point data through GPS. For those
water sources with point data, the data was entered in to GPS and water sources were tracked in the
field and validated the point accordingly along with collection of additional information.

GPS points were also collected for the water sources/springs which were left out during earlier activity.
However, if the GPS points and other data collection in the earlier initiative was done from the water
taps, it was now collected at the water source or point above the tapping point closest to the water
source.

3.1.3 Discharges measurement

The discharge was measured using the bucket, float, and velocity-area methods or using current meter
based on size of the water sources and convenience (see methods described in box 1 to 3). For smaller
springs with low water discharge, either a bucket or float method was used based on convenience.
For springs and streams that are relatively bigger, velocity-area method using current meter or float
method was used.

[4] Assessment and Mapping of Water Sources/Springs in Bhutan



Box 1. Bucket/Volumetric method
p

Discharngs or yrakd (I/8) «— volume (Itres)time (seconds)

An oil drum -

The simplest way to estimate smnall flows is by direct measurement of the time to fill a container of known
volume. The flow is diverted into a channel or pipe which discharges into a suitable container such as an oil
drum or bucket, and the time to fill is measured by a stopwatch. For flows up to about 4 l/s, a bucket of 10 |
capaciry is suitable and will fill in 2% seconds. For larger flows, an oil drum of 200 [ can handle_flows up to
abour 50 l/s. The time ro fill must be measured accurarely, especially when it is oniy a_few seconds. The
variation between several measurements taken in succession will give an indication of the accuracy of

\results.

Box 2. Current Meter Method

e
Coefficient (n) Calculation for Mini Current Meter (M1):
n=R/T
T= 60 seconds
R=revolutions
If n >174:
Flow velocity (V) = -0.42+ {25.68 * n)'100
If n =174:
Flow velocity (V) = 1.23+ (24.73 * n)/100
N\

Box 3. Float Method
p

Float Method
Requirements
e turbulent streams
e straight reach with minimum of three times the
stream width.
\

Assessment and Mapping of Water Sources/Springs in Bhutan [5]



3.1.4. Assessment of watersheds of the water sources areas

The watersheds of each water source/spring were assessed individually or in a cluster. While
independent streams or springs are assessed individually, but in some areas where a number of springs
and other water sources which are within short distance were grouped and assessed as one watershed.
The number of watersheds to be assessed under each field offices were delineated (desktop work) by
respective offices before the field work. Where required, WMD and FRMD (GIS) provided guidance
in carrying out the activity.

Watershed assessment was done based on condition of the watersheds and downstream water use
using watershed classification guideline, 2016. The assessment was carried out to understand the
health of the watersheds of those water sources used by the people of Bhutan and will help in designing
intervention measures to conserve and improve the conditions of the watersheds.

4. RESULTS

Water in general are mainly obtained from two sources, namely; surface water and ground water.
Ground water is water located below the ground surface in pores and spaces in the rock and it is
obtained by drilling wells, while Surface water is water that gets collected on the ground or in a stream,
river, lake, reservoir, or ocean. Surface water is constantly replenished through precipitation, and lost
through evaporation and seepage into ground water supplies.

In Bhutan, majority of the water used for drinking, irrigation and commercial purposes are obtained
from surface water. These water sources include springs, lakes, springs, streams, rivers, ponds and
marshes, the definition of which are provided in annex III.

The water sources and watershed assessment data collected from 205 gewogs in 20 dzongkhags were
analyzed and the results are presented under the subsequent topics. The detail information on each
of the 7399 water sources mapped including name of water sources, location, number of users, status
of each water source, condition of the water source areas are provided in annex II.

4.1 Number of water sources

The assessment and mapping of water sources collected data from 7399 water sources across
the country. While the mapping focused on water sources that are currently tapped for drinking,
irrigation, commercial and other purposes, the activity also recorded some of the potential water
sources (269) that are in the vicinity of the settlement areas. Among 20 dzongkhags, Wangdiphodrang
dzongkhag recorded the highest number of water sources (779) followed by Dagana dzongkhag (719).
Haa dzongkhag has recorded the least number of water sources (101). The number of water sources
recorded under each dzongkhag is presented in the figure 3.
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Figure 3. Number of water source in each dzongkhag

4.2 Types of water sources

Out of 7399 water sources recorded, springs are recorded as highest water source type comprising
about 67.6 % (5001), followed by streams with 25.7 % (1898), marshes 2.7 % (200), ponds 2.3 % (168),

rivers 1.1 % (81) and Lakes recorded lowest with 0.7 % (51), figure 4.

-

m Lake

® Spring
® Stream
® River
®m Pond

® Marsh

Figure 4. Types of water sources
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4.3 Uses of water sources

As shown in the figure below (figure 5), there are overlaps in water use from single source and drinking
is recorded as the highest use for water (5636) followed by irrigation (841). There are about 580 water
sources that are used both for drinking and irrigation, while about 38 water sources are used for
commercial purposes at the cottage and small industries scale. Survey also recorded 269 unused water
sources potential for future tapping.

Ve N
Potential (Un-Tapped) 269

Drinking 5636
Irrigation 841
Commercial (CSI) | 38
Drinking/Irrigation/Commercial | 10
Drinking/Irrigation _- 580
Healing Water ] 4
Irrigation/Commercial | 4

Drinking/Commercial | 15

Drinking/Healing | 2

0 2000 4000 6000

Water source (No)

Figure 5. Uses of water source

4.4 Status of water sources

Of the 7399 water sources, 0.9 % (69) has dried up over the years, while 25.1 % (1856) are in drying
stage. However, 73.8 % (5457) of water sources have not seen changes in their discharge over the years.
About 0.2 % (17) water sources are not clear about their status (Figure 6). A distribution of water
sources across the country with their status coded in different colours is shown in the figure 8.

4 N

® Drying
® Dried Up
0.9%

m No Change

m Others

Figure 6. Status of water sources
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Among 20 dzongkhags, Dagana recorded highest number of both drying and dried-up water sources
with 271 and 13 respectively. While Gasa dzongkhag recorded least number of drying water source
with just 16 and no dried-up issue. The distribution of water sources in different status across the
country are presented below (Table 1 & figure 7). The highest report on unclear status of water source
was reported from Mongar dzongkhag (6) followed by Chukha and Dagana dzongkhags (4 each),

(Figure 7).

( B Drying @ Dried Up ENo Change @ Others A
900 -
800 -
700
600 -
500
400 -
300 -
200 A
100 1
0 -

F ST TS %90\ FF & TS T TS S
- /

Figure 7. Status of water source in each dzongkhag

Table 1. Dzongkhag-wise water source in different status

Bumthang 1 31 299 331
Chukha 11 89 367 4 471
Dagana 13 271 431 4 719
Gasa - 16 109 125
Haa - 20 81 101
Lhuentse 3 131 227 1 362
Mongar 1 77 395 6 479
Paro 11 105 119 2 237
Pemagatshel 1 45 217 263
Punakha 4 170 405 579
Samdrupjongkhar 9 73 307 389
Samtse 5 163 367 535
Sarpang - 134 148 282
Trashiyangtse - 47 259 306
Thimphu - 54 91 145
Trashigang 2 130 336 468
Trongsa 1 28 197 226
Tsirang 6 59 241 306
Wangdue Phodrang 1 143 635 779
Zhemgang - 70 226 296
Total 69 1856 5457 17 7399
Assessment and Mapping of Water Sources/Springs in Bhutan [9]
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4.5 General issues causing water source drying

In general, impact of climate change (36.5%) followed by forest degradation and deforestation (28%) are
sighted as the major factor contributing to drying up of water sources in the country. The other issues
perceived to be contributing to drying up of water sources by the communities are; road construction,
forest fire, over grazing, land use and land cover change, construction of transmission lines and other
infrastructure developments, unstable geology etc. There are also water sources drying up in some
areas in the country, for which the causes are not known (unknown) by the people, (figure 9).

4 N

u Climate Change 0.9% 0.2%

u Forest Degradation & Deforestation ~ 2.0%
® Anthropogenic 2.0%
m Land Use Change
m Over Grazing 3.4%
Earthquake

3.4%
m Unstable Geology
uCC & FDD
mCC & LUC

m Forest fire

® Unknown

Figure 9. Causes of drying water sources

4.6 Watershed assessment of water source areas

The assessment and mapping also included assessment of watersheds where water sources and their
springsheds are located. The assessment of watersheds were carried out using watershed classififcation
guideline 2016 and classified in to pristine, normal and degraded watersheds and the distribution of
the same is as shown in the figure below (figure 10).

Table 2 shows the extent of watersheds of water sources areas in different classification category. The
watersheds of the water sources were delineated using the hydrological tool in GIS. It shows that the
water sources mapped falls in 527 watersheds of which 149 watersheds are degraded in condition
while only about 93 watersheds are in pristine condition. Rest of the 285 watersheds are in normal
condition.

Assessment and Mapping of Water Sources/Springs in Bhutan [11]



Table 2. No of watersheds in different class

Bumthang 2 5 8
Chukha 4 11 5
Dagana 5 9 7
Gasa 6 3 3
Haa 4 17 8
Lhuentse 4 19 7
Mongar 4 21 8
Paro 1 11 7
Pemagatshel 14 25 5
Punakha 2 6 6
Samdrupjongkhar 8 20 10
Samtse 2 19 10
Sarpang 5 15 10
Thimphu 10 6 5
Trashigang 6 17 10
Trashiyangtse 3 11 5
Trongsa 2 18 6
Tsirang 6 13 11
Wangdue Phodrang 2 24 12
Zhemgang 3 15 6
Total 93 285 149

[12] Assessment and Mapping of Water Sources/Springs in Bhutan



A11Un0d Y] UL PajpI0] 24V SIIUNOS AIJVM 2UIYM SPIYSIAIVM 1] JO U01I1pU0I Y] Jo uoynqrisip [pyvds "0 24ndy]

< spays.ialep JO snie1s

paddewun ]
papesbeq [l
lewioN [

aunsud [l

SIany
Beyybuozqg []

[13]

Assessment and Mapping of Water Sources/Springs in Bhutan



5. DZONGKHAG WISE WATER
SOURCE INFORMATION

5.1 Bumthang Dzongkhag

Bumthang dzongkhag has recorded 331 water sources in four gewogs; Chokor (91), Tang (138),
Chumey (56) and Ura (46). Out of 331 water sources, 329 have not seen any changes in their seasonal

discharge, while 31 water sources are reported to be drying up over the years with one dried-up in
Tang gewog (figure 11A & 11B).

4 N\

160 1 . .
@Drying ®Dried Up BNo Change
140

120 1

100 1

# Dryi
ryme 80 -

m Dried Up 60 -

Water source (No)

u No Change 40 -

20 A

(A)

Chokhor Chumey  Tang Ura
(B)
Gewog

Figure 11. Status of water source: (A) Dzongkhag and (B) Gewogs.

Springs are recorded as the dominant water source with 67.7 % (224) followed by streams with 28.4

% (94) in all four gewogs under Bumthang dzongkhag (figure 12B) and remaining are lakes, marshes,
ponds and a river.

Drinking water source constitutes about 73.1 % followed by irrigation source with 16 % and 5.4 % is
used for both drinking and irrigation (figure 12A).

4 N

0.6%

# Drinking

1.2% u Lake

u Irrigation u Spring

m Commercial (CSI) m Stream

u Drinking/Irrigation/Commercial m River

= Drinking/Irrigation mPond

m Healing Water = Marsh

m Potential (Un-Tapped)

Figure 12. Bumthang dzongkhag: (A) Uses of water source and (B) Types of water source
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5.2 Chhukha dzongkhag

A total of 471 water source were recorded from eleven gewogs under Chhukha dzongkhag. Darla
gewog recorded highest number of water sources (100) followed by Sampheling (78) and lowest was
recorded from Doongna gewog (14). Out of 471 water sources, 89 are in drying state, 11 have already
dried-up and status of four water sources were not known (Figure 13A).
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Figure 13. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs constitutes about 64.8 % followed by streams with 29.9 % and remaining are marshes, ponds

and a river

(figure 14A).

In terms of water usage, drinking was recorded as the maximum with 81.3 % (383) followed by
irrigation and drinking/irrigation with 6.8 % (32 each) respectively (figure 14B).
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Figure 14. Chukha Dzongkhag: (A) Types of water source and (B) Uses of water source
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5.3 Dagana Dzongkhag

Dagana recorded 719 water sources in 14 gewogs and maximum number of water source was recorded
in Tshangkha (105) followed by Kana (99), and the least was recorded from Lhamoidzingkha gewog
(23). Number of drying water sources were also recorded highest in Tshangkha gewog (76) followed
by Goshi gewog (37). A total of 13 dried-up water sources were reported from Dagana with four
from Largyab gewog, five from kana and one each from Gesarling, Khebisa, Lhamoidzingkha and
Nichula gewogs (figure 15 A). All the water sources recorded under Tashiding gewog are in drying

state (Figure 15B).
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Figure 15. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs dominate the water source types with 76.6 % (551) followed by streams with 20 % (144) and
rivers with 0.3 % (2) (Figure 16A).
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Figure 16. Dagana dzongkhag: (A) Types of water source and (B) Uses of water source
About 76.9 % (553) water sources were solely used for drinking water supply, 12.1 % (87) for irrigation

and 9.3 % (67) used for both drinking and irrigation. Survey also recorded nine unused water sources
that are potential for future water supply in the dzongkhag (Figure 16B).
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5.4 Gasa Dzongkhag

A total of 125 water sources were recorded in four gewogs under Gasa dzongkhag. Khamaed gewog
has the highest number of water sources (58) followed by Lunana (27) and the least was recorded
in Khatoed gewog (17). Out of 125 water sources, status of 109 water source were reported normal
without any change in terms of discharge while 16 water sources are reported to be drying up over the
years (Figure 17B).
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Figure 17. Status of water source: (A) Dzongkhag and (B) Gewogs

Spring dominate water source types with 76 % (95), followed by streams with 12.8 % (16) and one
source each recorded to be tapping from rivers and marshes (figure 18A).
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Figure 18. Gasa dzongkhag: (A) Types of water source and (B) Uses of water source

About 92 % (115) of water sources are tapped for drinking water supply and only 7.2 % (9) are used
for irrigation (figure 18B).
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5.5 Haa dzongkhag

A total of 101 water sources were recorded from six gewogs under Haa dzongkhag, out of which
highest number was recorded in Gakiling gewog (31) followed by Sangbaykha gewog (24) and Katsho
gewog has the least number of water sources (7). Out of 101, 81 are in normal condition without
change, 20 are in drying up state (figure 19 A & 19B).
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Figure 19. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs appeared to be the dominant water source type with 58.4 % (59) followed by streams with 33.7
% (34) and remaining are ponds and marshes (figure 20A).
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Figure 20. Haa dzongkhag: (A) Types of water source and (B) Uses of water source
Over 83 % of water sources are tapped for drinking water supply and about 5 % cater for both drinking

and irrigation. Out of 101 water sources, seven are still unused and can be tapped for future water
supply in the dzongkhag (figure 20B).
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5.6 Lhuntse Dzongkhag

A total of 362 water sources were recorded in eight gewogs under Lhuntse Dzongkhag with highest
number recorded from Gangzur gewog (65) followed by Tsenkhar (58) and the least was recorded
from Jarey gewog (7). Out of 362 water sources, status of 227 are in normal condition (no change), 131
are in drying up state and three have dried-up over the years (figure 21B).
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Figure 21. Status of water source: (A) Dzongkhag and (B) Gewogs

Of 362 water sources, 284 are springs constituting about 78.5 %, followed by streams with 19.9 % and
rest are marshes, rivers and ponds as shown in the figure below (figure 22A):
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Figure 22. Lhuntse Dzongkhag: (A) Types of water source and (B) Uses of Water source

Over 73 % (265) of water source are used for drinking purpose, 15.5 % for irrigation and 5.2 % are
used both for drinking and irrigation. Survey also recorded about 23 unused water sources nearby

the settlement that are potential for water supply in various gewogs under Lhuntse dzongkhag (figure
22B):
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5.7 Mongar Dzongkhag

Mongar dzongkhag recorded 479 water sources in 17 gewogs out of which 77 are in drying up
condition, one dried-up over the years, status of six water sources are unknown and 395 are still in
normal state without change in water discharge. Out of 17 gewogs, Mongar gewog has the highest
number of water sources (66) followed by Kengkhar (45) and Chali (44) as shown in the figure below
(Figure 23B): Tsamang gewog has all the water sources (16) in drying state.
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Figure 23. Status of water sources: (A) Dzongkhag and (B) Gewogs

Springs constitute about 76.2 % (365) of water sources followed by streams with 19.2 % (92) and ponds
with 2.9 % (15) as shown in the figure below (figure 24A).
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Figure 24. Mongar Dzongkhag: (A) Types of water source and (B) Uses of water source

About 78.9 % of water sources (378) are used for drinking alone and about 9.6 % (46) are used for
irrigation purpose. While 4.6 % (22) of water source are used both for drinking and irrigation and 2
sources are used for commercial purposes (figure 24B).
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5.8 Paro Dzongkhag

Paro recorded 237 water sources out of which 11 have dried-up over the years in Shaba gewog, 105 are
in drying up state, status of two water sources are unknown and 119 are still in normal condition with
no change in their discharge. Tsento gewog has the highest number of water sources (52) followed
by Lungnyi gewog with 36 water sources (Figure 25B). Lamgong gewog has all the water sources in
drying up state as per the record.
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Figure 25. Status of water source: (A) Dzongkhag and (B) Gewogs

Out of 237 water sources, 56.1 % are springs, 35.4 % are streams, 5.5 % are ponds and remaining 3 %
are marshes (figure 26A).
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Figure 26. Paro Dzongkhag: (A) Types of water source and (B) Uses of water source

Drinking water sources alone constitutes about 66.7 %, irrigation accounts to 4.2 %, 17.3 % of water
source caters to both drinking and irrigation and remaining are used for drinking/commercial and
irrigation/commercial. Survey also recorded 21 water sources that are not used and are potential for
future tapping (figure 26B):
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5.9 Pemagatsel Dzongkhag

Pemagatsel recorded 263 water sources out of which 45 are in drying up state, one water source has
dried-up over the years and 217 are still in no change status. Decheling gewog has the highest number
of water sources (50), followed by Choekorling and Chimong has the least number of water source
(figure 27).
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Figure 27. Status of water source: (A) Dzongkhag and (B) Gewogs

Out of 263 water sources, springs constitute about 76 %, 19 % is streams and rest are pond, marshes,
rivers and lakes (figure 28A).
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Figure 28. Pemagatshel Dzongkhag: (A) Types of water source and (B) Uses of water source

Drinking water source alone constitutes about 95.4 % followed by irrigation with 1.5 %. There are six

unused water sources that are potential for future water supply recorded during the survey (figure
28B).
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5.10 Punakha Dzongkhag

About 579 water sources have been surveyed and recorded in 11 gewogs under Punakha dzongkhag.
Out of 579 water sources, 405 sources have not changed in status, 170 are in drying up state and 4
water sources have dried-up over the years. Kabesa gewog recorded highest number of water sources
(131), followed by Toepesa (84) and Goenshari gewogs (76). Among 11 gewogs, Dzomi has the least
number of water sources (12), while, Guma has the highest number of drying water sources (37)
followed by Toedwang (29) and Toedpisa (27) (figure 29B).
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Figure 29. Status of water source: (A) Dzongkhag and (B) Gewogs

Major water source types in Punakha dzongkhag are springs constituting about 53.2 %, followed by
streams with 22.6 % and ponds with 11.9 % (figure 30A).
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Figure 30. Punakha Dzongkhag: (A) Types of water source and (B) Uses of water source

Out of 579 water sources, 409 are solely used for drinking purpose, 91 for irrigation alone and 55 water
sources are used for both drinking and irrigation (figure 30B). About 21 unused water sources at the
vicinity of settlements were also recorded during the survey.
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5.11 Samtse Dzongkhag

Samtse dzongkhag has about 535 water sources in 15 gewogs out of which 163 are in drying up
state, five have dried-up over the years and remaining 367 have remained same. Among 15 gewogs,
Dophuchen has the highest number of water sources (87), followed by Denchukha (73), and the least is
in Tashichoeling gewog (4). Phenomenon of drying water sources is also highest in Dopchuchen (42)
followed by Dumtoed gewog (30). No incidences of drying water sources were recorded in Tendruk

gewog (figure 31B).
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Figure 31. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs are the major source of water in Samtse dzongkhag constituting about 61.5 % (329) followed
by streams with 34.4 % (184) and remaining are ponds, rivers, marshes and lakes (32A).
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Figure 32. Samtse Dzongkhag: (A) Types of water source and (B) Uses of water source

About 69 % (369) of water sources are used solely for drinking, 10.3 % (55) for irrigation alone and
16.6 % (89) caters to both drinking and irrigation purposes. A total of 17 unused water sources were
also recorded during the survey in Samtse dzongkhag (32B).
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5.12 Sarpang Dzongkhag

Sarpang dzongkhag currently taps 282 water sources across 12 gewogs with highest number in
Jigmechholing gewog (90) followed by Chhudzom gewog (47). Out of 282 water sources, 134 are in
drying up state and the remaining 148 are in no change status with no dried-up issues (figure 33A).
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Figure 33. Status of water source: (A) Dzongkhag and (B) Gewogs

The major water source in Sarpang dzongkhag are springs which constitutes about 53.2 % followed
by streams with 39.4 %. Remaining water sources are from rivers, few from small lakes, ponds and
marshes (figure 34A).
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Figure 34. Sarpang Dzongkhag: (A) Types of water source and (B) Uses of water source

About 178 water sources (63.1%) are solely used for drinking, 75 water sources (26.6 %) caters to both
drinking and irrigation and 14 water sources (5%) are used only for irrigation purpose. There are four
water sources that are used for drinking, irrigation and other commercial purposes (industries) in
Sarpang dzongkhag (figure 34B).
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5.13 Samdrupjongkhar Dzongkhag

About 389 water sources have been recorded in 11 gewogs under Samdrupjongkhar with highest
number in Lauri gewog followed by Martshala gewog. 73 of 389 water sources are in drying up state,
nine have dried-up over the years and 307 are in no change status in terms of discharge. Langchenphu
gewog recorded highest number of dried-up (6) issue while Gomdar, Samrang and Serthi gewogs
reported one each water source to have dried-up (figure 35A).
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Figure 35. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs are the dominant water source constituting about 65.6 % (255) followed by streams with 30.6
% (119) and the remaining are rivers, ponds and marshes (figure 36A).
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Figure 36. Samdrupjongkhar Dzongkhag: (A) Types of water source & (B) Uses of water source

Out of 389 water sources, 350 are used only for drinking and 32 are used solely for irrigation
purpose. Survey also recorded six unused water sources that have potential for future water supply in
Samdrupjongkhar (figure 36B).

[26] Assessment and Mapping of Water Sources/Springs in Bhutan



5.14 Trashigang Dzongkhag

Tashigang has about 468 water sources in 15 gewogs with highest number in Radhi gewog (53)
followed by Khaling (49) and Lumang (46) gewogs. Out of 468 water sources, 130 are reported to be
in drying up state, two have dried-up over the years and 336 are still in normal state without change
in discharge. Highest issues of drying water sources are reported from Bartsam (24) gewog and none
from Lumang gewog (figure 37B).
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Figure 37. Status of water source: (A) Dzongkhag and (B) Gewogs

Of 468 water sources, 345 are springs, 109 are streams, 12 rivers and remaining are lakes and ponds
(figure 38A).
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Figure 38. Tashigang dzongkhag: (A) Types of water source and (B) Uses of water source

About 405 water sources are tapped only for drinking water supply and 50 water sources solely for
irrigation and seven caters for both irrigation and drinking. Four water sources have been tapped for

multiple uses such as drinking, irrigation and other commercial purposes (cottage industries) (figure
38B).
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5.15 Trashiyangtse Dzongkhag

Tashiyangtse recorded 306 water sources out of which 138 are in Bumdeling gewog. 47 water sources
are in drying up state and remaining 259 are in normal state without change in discharge over the
years as shown in the figure below (figure 39).

/ N
160 1
140 | BEDrying ®No Change
—~ 120
=3
Z 100
8
S 80 -
. =3
® Drying 2 60 4
D
mNo Change g 40 A
20 A
0 4
A B e S S > o @
S & @q’& E Q,o&\\ <% <%
o <&
Gewog
G /

Figure 39. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs are the main water sources constituting about 72.9 % (223) followed by streams with 23.2 %
(71) and the remaining are from marshes, rivers, ponds and lakes (figure 40A).
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Figure 40. Tashiyangtse dzongkhag: (A) Types of water sources and (B) Uses of water source

A total of 232 water sources are solely tapped for drinking water supply in various gewogs and
about 54 for irrigation alone and 10 are tapped for use in drinking, irrigation and other commercial
activities. Survey also recorded nine unused water sources that are potential for future water supply in
Tashiynagtse dzongkhag (figure 40B).
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5.16 Thimphu Dzongkhag

Thimphu dzongkhag has recorded 145 water sources in eight gewogs with maximum number in
Kawang gewog followed by Chang gewog. 54 water sources are in drying up state and the remaining
are in normal state without change in discharges. All the water sources in Mewang and Genekha
gewogs are in drying condition and there is no issue of drying in Naro gewog (figure 41B).
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Figure 41. Status of water source: (A) Dzongkhag and (B) Gewogs

Unlike other dzongkhags, dominant water sources in Thimphu dzongkhag are streams constituting
about 61.4 % (89) followed by springs with 23.4 % (34) and the remaining are from ponds, rivers and
lakes (figure 42A).
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Figure 42. Thimphu dzongkhag: (A) Types of water source and (B) Uses of water source

A total of 121 water source (83.4%) is solely tapped for drinking water supply, about 7 water sources are
used for irrigation alone and about 11 water sources are tapped for both drinking water and irrigation
water supply. Survey also recorded two unused water sources that are potential for future water supply
to nearby settlements both for drinking and irrigation (figure 42B).
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5.17 Trongsa Dzongkhag

Trongsa recorded 226 water sources in five gewogs with highest number recorded from Nubi gewog.
28 water sources are reported to be in drying up state, one has dried-up in Nubi gewog over the years
and remaining 197 are in normal state. While there are no issues of drying water source in Drakten
gewog, Langthel gewog has recorded 13 drying water sources (figure 42B).
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Figure 43. Status of water source: (A) Dzongkhag and (B) Gewogs

The dominant water source types are springs constituting about 65.8 % (148) followed by streams with
23.6 % (53) and the remaining are ponds, rivers and lakes (figure 44A).
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Figure 44. Trongsa dzongkhag: (A) Types of water source and Uses of water source

Out of 226 water sources in Trongsa dzongkhag, 165 are solely tapped for drinking water supply in five
gewogs, 45 are tapped for irrigation alone and 11 are tapped for both irrigation and drinking water
supply. There are three water sources that are tapped for commercial purpose (figure 44B).
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5.18 Tsirang Dzongkhag

Tsirang dzongkhag has about 306 water sources in 12 gewogs with maximum number in Semjong
gewog followed by Kilkhorthang and Gosarling gewogs (35 each). 59 water sources are in drying up
condition, six have dried-up over the years and remaining 241 are in normal condition. Gosarling
and Semjong recorded four and two dried up water sources, while Patshaling gewog has no record of
drying water sources in the gewog (figure 45A).
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Figure 45. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs account to 78.8 % (241) followed by streams with 18.3 % (56) and rest are ponds and rivers
(figure 46A).
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Figure 46. Tsirang dzongkhag: (A) Types of water source and (B) Uses of water source

A total of 205 out of 306 water sources are solely tapped for drinking water supply, 35 for irrigation
alone and 60 water sources are tapped for both irrigation and drinking water supply. Survey also
recorded two Drupchhus (Holy water) and four unused water sources that are potential for future
water supply (figure 46B).
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5.19 Wangdue Dzongkhag

Wangduephodrang recorded 779 water sources in 15 gewogs which is highest among the dzongkhags
in the country. 143 out of 779 water sources are in drying up state and one water source has dried-up
in Phangyul gewog while 635 are still in normal condition (figure 47A).
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Figure 47. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs are the major water source with 66.2 % (516) followed by streams with 24.9 % (194) marshes
with 4.9 % (38) and the remaining are rivers, ponds and lakes as shown in the figure below (figure
48A).
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Figure 48. Wangdue dzongkhag: (A) Types of water source and (B) Uses of water source

A total of 530 out of 779 water sources in Wangdue dzongkhag are solely tapped for drinking water
supply in 15 gewogs, 126 water sources tapped for irrigation alone, 44 sources tapped for both irrigation
and drinking and five sources for drinking, irrigation and other commercial purposes. Survey also
recorded 69 unused water sources in 15 gewogs with potential for future water supply (figure 48B).
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5.20 Zhemgang Dzongkhag

Zhemgang recorded 296 water sources spread across eight gewogs with maximum number in Trong
gewog (58) followed by Bardo (45). About 70 water sources were reported to be drying up over the
years while, 226 did not see any changes in terms of their discharges. No dried-up issues were reported
from the survey in Zhemgang dzongkhag (figure 49A).
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Figure 49. Status of water source: (A) Dzongkhag and (B) Gewogs

Springs constitute major water source types with 79.4 % (235) followed by streams with 18.2 % (54)
and rest were ponds, rivers and lakes (figure 50A).
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Figure 50. Zhemgang dzongkhag: (A) Types of water source and (B) Uses of water source

About 81.8 % (242) water source are tapped solely for drinking water supply in eight gewogs, 10.5 %
(31) for irrigation alone and 13 sources tapped for drinking, irrigation and other commercial activities.

A total of four unused water sources that have potential for future water supply were also recorded
during the survey (figure 50B).
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6. LIMITATIONS

The water sources assessed and mapped does not include all the water sources available in Bhutan. The
assessment and mapping of water sources is confined to water sources currently used by the people
for various purposes and few potential sources in the vicinity of the settlements and institutions.
Therefore, the number of water sources stated in this report should not be construed as the exhaustive
list of water sources available in Bhutan. Further, the discharge information collected is one time
(spring of 2021), which can only be used as reference for future comparison.

The assessment and mapping activity was carried out by field offices under DoFPS upon training by
WMD. However, due to the ongoing COVID pandemic, the training was conducted virtually and
the practical demonstrations were limited to few field offices nearby Thimphu and non-COVID red
zone areas, which would have affected some field staff in carrying out the activities as outlined in the
training.

7. CONCLUSIONS

The water sources assessment and mapping activity was carried out for all of the 20 dzongkhags in
Bhutan. This report is an updated version of the preliminary mapping of water source carried out
in 2018 thereby ensuring nationwide coverage. The current assessment was carried out in the most
comprehensive manner involving all the forestry staff deployed in 205 gewogs and 1044 chiwogs with
the objective to record all the water sources that are currently tapped for use by Bhutanese population
and potential sources that can be tapped in the future if the need arises with the growth in population
and other circumstances. Accordingly, 7399 waters sources were recorded of which 0.9% have been
recorded as dried up, 25.1% are in drying state while 73.8% of the water sources are recorded as not
changed over the years. These data and information on water sources recorded will form the baseline
information on waters sources in Bhutan with their status.

Further, the activity also included assessment of watersheds where the water sources and their
springsheds are located, amount of (one-time) discharge available for each water sources, number of
households and institutions depending on each water sources, and the probable factors that impacted
the water sources and surrounding watersheds. This information along with status of water sources
will enable Bhutan to understand the situation of each of the water sources currently used and help
come up with intervention measures (where required) to protect and conserve the water sources.
DoFPS has already initiated pilot schemes to revive drying water sources in Paro, Sarpang, Wangdue,
Tashigang and Samtse Dzongkhags, which can be up-scaled in other areas.
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As with general watershed management information, the assessment and mapping of water sources
information can provide support to the stakeholders in making informed decisions in designing
appropriate infrastructure for drinking and irrigation water supply based on quality and quantity
of the water sources available. For that matter it can be used for any water related investments, be
it for recreation or commercial purposes, the use of these information can help make appropriate
investments and prevent waste of time and resources.

Lastly, the water source assessment and mapping information are stored at WMD for future reference.
The water source information maintained with WMD in excel worksheet is intended to be a living
document and will be updated as and when new information is available.

8. WAY FORWARD

The drying up of water sources is mainly due to climate change and forest degradation as per people’s
perceptions. This phenomenon will not only jeopardize the agriculture sector on which about 65% of
the rural population depend, but also other sectors such as hydropower, which drives the economy
of the country. Therefore, there is need to enhance the investment in conserving our water resources
in general and particularly those smaller water sources such as springs, streams, lakes, ponds and
marshes, that our communities depend on for their livelihood.

As forest in the watersheds are the main areas where water is percolating to recharge the aquifers
and sustain the flow of water sources, it is prerequisite that those forest are managed and protected
accordingly. The policy makers, implementers and public should note that without the vegetative
cover afforded by the forest, rainfall will directly turn into run off, water quality will be poor and
infiltration will be limited and the situation will only worsen with climate change. However, the issue
of protecting and conserving the forest cannot not be left to DoFPS alone. As communities and local
government are well placed to understand the issue, they should come forward to take the ownership
of the issue, and voice their support in conserving and protecting their water sources and its recharge
areas. To support the same, DoFPS on its part will continue efforts in protecting the forest in the
recharge areas while also advocating and building capacity to technically support solving water source
drying up issues. The capacity of our field staft placed in all gewogs across the country will be built
continuously to act as catalyst to advocate and provide the necessary support whenever and wherever
required.

In conclusion, knowing that the management and conservation of watersheds enhance resilience of
forest ecosystems and enable communities to adapt to the impacts of climate change, there is need for
enhanced focus and investment on all the watersheds in general and springsheds in particular and
sustainably manage them. In the immediate future, DoFPS recommends the following to try and save
the depleting water source aquifers:
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1. Identify and designate the recharge areas of the drying water sources that caters to larger
communities for protection from developmental activities

2. Design and implement intervention measures in the recharge areas (watersheds/springsheds) to
enhance the water recharge

3. Install weather & flow monitoring stations at the implementation sites to study the trend of water
flow in relation to rainfall and ascertain if the drying of water sources is caused by climate change
or other factors

4. Periodically measure the discharge of water sources assessed in this report to generate a time series
data to study the trend

5. Enhance capacities of the DoFPS staft to provide technical support to local governments and
communities to upscale and uptake spring revival and protection measures as part of springshed
management within their locality

6. Createawarenessonimportance of watershed/springshed conservation and strengthen engagement
to build capacity of local leaders, communities and relevant stakeholders to get empowered and
build a sense of ownership of the problem in their locality

7. Regularly monitor the sites for impact assessments and further interventions.

8. In the long term, it would be important to study and conduct in-depth research on the relation
between climate change, human activities and water flow.
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