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Rainfall

Rainfall in Gaylegbug, 1985 is stated as fallows;

Table-1 Rainfall (1984) in Gayleghug

Morith Tempegatuye Evaporation Rainfall .N<.>. of
= Max.{C") Min. for 24 hrs(mm) (o} Ra_lny day
Jan.  23.27  15.66 23.2- 23.2 4 days
Feb, 21.96 17.57 24.7 ©59.8 11 days
Mar. 26.84 22.15 . 37.4 62.4 11 days
Apr. 28.58 24.82 .39.2 87.2 14 days
May. 28.61 24.98 1.3 | 512.5 17 days
Jun.  28.83  26.30 27.1 1,135.5 24 days
Jul.  29.08 24,52 19.4 1,681.2 29 days
Aug. 30 .40 26.24 25.7 69ﬁ.4 | 25. days
Sep.  29.92 24.18 15.3 012.2 25 days-
oct. 30,40 28.82 30.0 80.6 7 days
Nov. 28.70 22.12 29.1 82.0 6 days
Dec.  25.68  17.29 21.7 '_ 61.4 6 days
Total  (Ave.127.8 . 5.388.4 179 daye
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4 A 8. 10 11.87 30. 02 16. 67
5 H 16. 31 23, 14 37.33 25,59
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7 B 178, 64 155. 97 180. 69 17177
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9 A 108. 80 77.00 159. 04 114,95
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44 —]0 Crop Area and Production for izlaéh Crop, 1981 and 1984

. Czop Area ) Crop Producton
{7000 hectares) {000 tonnes)
Target Target
1981 19384 1987 1981 1384 198%
Cereals . .
Paddy 28.0 0.6 37.0 57.4 85.0 B84.5
Whest/Barley 12.0 i4.4 16.6 13.3 16.0 22.5
Haize 56.8 58.5 52.5 80.7 B7.3 85.1
Buck wheat/
millets 15.58 20.6 15.0 1z.3 16.8 12.7
Totsl 112.3 124.1 121.1 163.7 185.1 204.8
Other Crops
Pulses £.0 3.0 5.3 2.4 2.6 3.8
Hustard 2.% 5.0 5.5 1.9 3.5 3.9
Potato 3.7 4.2 5.1 24.9 32.6 50.0
Chililes/

" vegetables 3.1 1.7 3.6 12.2 5.3 15,1
Oranges - 6.2 7.8 8.0 25.6 33,7 53.1
Apples 1.5 1.6 1.9 3.3 3.5 ‘8.8

5.8 8.3 6.6 2.8 3.0 4.1

Ca?damom g2

Héte : Pigures sre hased on estimates made by Ristrict, block and villag officials., Target
1987 rezfers to targeta for the Pifth Plan.

Source : Surveys undertaken by Agricultura'nepartment in 1981 =nd 1984.
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THBo MMIEORIEE I, pattern | THIIE MR, 1TR, IEORICH
M, HMIADDD OLOBITRIIOL 12, K0 2SS 2EH BHAEARTO S,

#4 11 Land Under Agricultural Use by Dzongkhag. 1984
- (*000 hectares),
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BUUTAN 2.7 5.6 11.8 1.3 ig 126.5

Hete : These figures conflitt_ui;h those given in Table 5,
based on estimates made by District. block and village
Table 5.2 were based on remote sensing methods,

2. The figures in this table are
officials. while the tfigures in |

Sourca ! Department of Agriculture.



Irrigattion Schemes Completed During Year Ending March 1986 by Dzongkhag

Kew construction

Renovation Bank Protection
Ho. of Length of  Command Ho. of Length of  Cowmand Wo. of Leagth of
wchewxes channel ages schemea chennel aram schemes emhankoment
' (k=)  (hectares} ' {¥m}  {hectares} ) (xa)

Ha & 4.3 81.% 5 4.0 48.2 3 44.0
Paro 1 1.9 100.0 26 42.6 1.636.8 25 3.8
Samchi 9 22.6 64,3 153 43.0 1.573.7 13 13.5
Thimphu 10 n.z 904.9 23 54.7  1.318.7 - -
Chirang ‘30 2.7 571.7 5 13.4 206.5 1 1.0
Dagena 7 20.3 396.8 4 16.3 388.7 - -
Gasa 2 2.9 50.6 5 7.8 79.4 - -
Pynakha 3 16.5 102.0 25 72.2 2.355.6 2 0.2
‘Hangdiphodrang 2 10.1 283.4 15 18.4 L.040.0 - -
Bunthang 2 4.3 . 40.5 - - - 3 2.8
Gaglegphug 10 4.0 1.217.4 8 19.% l.01z.1 15 15,6
Shemgany Z 5.4 182.2 7 16.8 400.4 b1 3.0
Tongaa & 11.% 244.9 7 9.2 230.8 - -
Lhuntahd 190 44.4 £5%.9 12 8.6 £98.0 - -
Mongar ) 5 1.4 789.1 6 8.4 476.5 - -
Pamagatsel 4 10.1 06,9 - - - - -
Samdrupjongkhar 1n 35.3  1,799.6 5 16.3 607.3 5 4.2
Tashigeng 10 65,0 1.313.8 6 13.5 3174 3 2.0
BHUTAN ) 110 " 348.9 9,786.0 174 394.6 12.49%.9 - 72 87.8

Source : Department of Agriculture.
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1) Assan & Bhutan ( No.78-1/5)

'3)  Punaka ( 2 part )

LIST OF COLLECTING DATA

TOPOGRAPHIC MAPS
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: 50,000 Cepy
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: 50,000 Copy

2)  Assam & Bhutan { No.78-1/9)

— d -t

4) - Wangdu Rhedrang{ A part }
DAILY RAINFALL

1)' Gaylegphug Manual recorder (1978/83 Eleyation 375m)
2} Gaylegphug Manual recorder ({1971/83 Elevation 327m)
3) Taklai (1987/88 Project-office)

DAILY DISCHARGE OF RIVER

1) Mao river at Lodai,Gaylegphug (1976/82 Elevation 266m)

2) Mao river at Lodai,Gaylegphug(1978/82 Elevation 326m)

3) Taklai river at In-take (1987/88)
ABOUT AREA DEVELOPMENT PROJECT IN GAYLEGPHUG

1) Outline'pf Lift Irrigation Scheme
2} Monthly running-hours report from Jan'87 to March'g9

3) Electricity charges of Lift Irrigation Scheme

4)  Result of Paddy demonstration 1985

5) Comparative yield statment of Paddy

6) Command area in Acres

7} - Report of The expert team on Lift Irrigation Scheme

”-_ABOUT'TAKLAI IRRIGATION PROJECT

1}~ Outline of Taklai Irrigation Ptoject

2) Agronomy Report by Food and Agriculatural Organisation

| GEOLOGY & HYDROGEOLOGY

1} Himalayan Geology Seminar ({1976-79) New-Delhi
2} Himalayan Geology Seminar {1976-82) New-Delhi
3} ' Groundwater Potential of The Kingdom of -Bhutan 1982
4) Geological and Mineral Map of Bhutan 1:500,000 Copy

'ABOUT AGRICULTURE & OTHERS

1} Répért oﬁ.Agficultufe-and Irrigation Planning Project
2) Final Document on Gaylegphug Integrated Area Develop-
ment. project

3) Statistical Yearbook of Bhutan 1987
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Planning Officer Mr, NN DORJI_

Irrigation Officer Mr. BIRAY MOKTAN
Irrigation Engineer  Mr. KAYIZANG.'TSHERiNG
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BACKGROUND INFORMATTON
e L N AT T ON

Introduction
2ntroduceion

The major objectives of the Sixth Five-Year Development
Flan of the Royal Govermment of Bhutan (RGOB) are:

i) the improvement of living conditions in the
nation;

i) the establishment of national self-

reliance;
and

111) the preservation apd promotion of the country's

rich cultural heritdage and its values and
institutions.

In order to achieve these objectives, the Royal
Government will continue to give very high priority
toe the devglgpment of the agficultural sector. Agrl-
culture is/mainstay of the Bhutanese economy, directly
or indirectly engaging 90% of the population.

The country's configuration is one of high mountain.
ranges. #s such, the amount of available agricultural
land is highly limited, agricultural'development stra-
tegy should therefore emphasize the more efficient use
of availeble laund through more Judicious application of
other mnon-land inputs,

As a part of this strategy, CGovernment plans to

develop the use of zround witer for irrigation. However,
there is no previous experience in Bhutan with full-
scale development of ground water for either agricul-
tural or domestic use.
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The Royal Government hence wishes to make a
request to the Govarnment of Japan for technieal
assistance in groundwater development.

General Geographic Conditions

Bhutan is a land-locked surrounded by the Tibet
Region of China to the North and North-West and
by India to the East, South and South-West. Tt
has a total area of 46,500 sq.km. Most of the
country lies within fhe'Himaldydn ranges, The
mountainous chagacter ol the country means that
flat land is/to a few relatively broad river-
valleys in the mid-country and some expanses of
plaih areas (the Duars) in the South,

Three East-West geographical zones are uszually
distipnguishable. The southern foothills rise

steeply from about 200 m to 1,500 m, and extend

about 20 ko into Bhutdn this zone is subtropic

in nature, From .the fosthills to the north, the

hills of the inner Himalayas rise more gradually,

This region contains the broader river valleys of
Punakha-¥angdi, Paro, Thimphu, Bumthang and ‘I‘ashigdnga
the economic and cultural heartland of Bhutan, The
high Himalaya zone consists matnly of high alpine
mpuntain ranges Thus the climate is very varied,
ranging from hot and subtropical conditions in the
south to perpetual ice and snow in the bish Himalayas.

The total population of Bhutan is about 1.2 million
people, and growing at about 2, .6 per cent per annum.
The population density is only about 26 people per
sqQuare Kilemeter, Most of the populdtion is dispersed
in small rural viliages situated in the ravine plains.
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Présent'ézricultural Conditions

Bhutan is a typically agricultural country in which
S0¥ of the people are engaged in agriculture op agri-
culture related activities, Agriculture contributed
about 44% of GNP in 1$34. Thus ganeral economic

d evelopment will have to rely greatly on the deve-
lopment of the agricultural sactor.

Subsistence is a main feature of Bhutanes

e apricul-~
ture,

But even this is strongly influenced by topo-
graphle circumstances. The amount of cultivable land
available to a farm household is only about Q,7 ha,

and GDP per capita for people in agriculture is only

about US & 79 as opposed to US 3 140 for the whole
nation,

Only 2.7% of the total land area, fe. 126,000 hactres
is agricultural land., (Table 1) The majority of the
land is occupied by forested or snowcapped mountains and
peaks, There is thus only a limited capability to
extensively expand the amount of land availabie for
cultivatioen,

TABLE 1

Area of cultivablelland by region

Region Area (ha)

‘Western | 16,733 (13%)
Central 9,399 ( 7%)
South-central 18,353 {15%)
Southern 56,527 (45%)
Eagtern 25,473 (20%)

Total :- 126,485 ha
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In Gaylegphug, for example, paddy yields on irrigated
land have been tripled since the early 1930s, and are
four times as high as yields on unirrzsauea land.
(Table 2)

Compardtive Yield Statement on Pa&dv in Caﬁlégﬁhug

Year AVefage-Yield by ' AVerage Yield by

rain water - : Irrigated water:
1982/83 415 kglha C 679 kg/ha_
1983/84 531 kg/ha . 1,751 kz/ha -
1934/85 467 kg/ha - : 1,976 kg/ha
1985/86 576 kg/ha - 2,307 kg/ha

In the Fifth Five Year Plan (1931-86), the irrigation
facilities that were completad drew water from'river '
sources. These new structures brought an additional 8%
of the total fdrm land under frrigation,

In the southern border zone, the'average 1eugth of watér
courses is 3.6 Em, with an average command area of 30.6 ha
per km, In the ravin° plains of the inner Himalayas, the'
average water course length is only 1. 9 km, but has a command
area of 41 ha per km; This may be considered to be efficlent
in comparison to studies from oiher parts of the world.
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- of the permanently cropped lan
_ tonnes) crop and potatoes (32,000 ionne

- are important crops.,

The major ¢rops of Bhutan dre paddy a

nd maize,
The two crops,

Pespectively, occupy 30% and 54%
. Waeat (16,000
s}, buck-
‘and 01l seeds
Pulses, fruits, veoetables,
oms are #lso cultivated on a smaller scale,

wheat/millet (16,300 tonnes)

cardam

‘The main oaddy producinn &reasjln the south. -adjacent

to the border with India (in Gaylegphug, Samchi, and
Samdrup- Jonnkhar Dzonsﬁhags) and in the small open
river plains of Paro, Thimphu, Wancdl, Punakha apd
Chirang. Typically, piaddy is a sinale annual crop;
it is onmly traditionally dpuble cropped in parts of

the irrigated areas of- Gaylegohug.

In most casds, wheat is cultivated as the second
crop after paddy and maize, “uckwheat and mlllet
are.mdinly cultivated in the mountain zones, Self-
sufficiency is yet to be achieved in the main food
stuffs. The country imports about 25,000 tonnes of

grains annually,

Irrigation ' is

As stated before, there/ilttle capability to exten-
sively expand the amountfkultivable 1and Increased
output, therefore, i;e obtained mainly »hrouah using
improved inputs and growing two or three crops a year
bn ghe 33me lénd Irrigation is almost always an

imperative for the iater proposition, and to be able

to use inputs pote efficiently.
The construction in Bhutan of irrigation projects

that involve full scale water courses commenced in
1980, Results so far have been very encouraging.
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TasSLE 11T

Irrization Schemes comoleted during the Fifth Plan

Region Wo. of Schemes Length of Canal Area

: (No,) - (Kul ) (Ha})

8/Jongkhar 10 43,1 1,435
Gaylegphug 14 41.3 1,359
Samchi 18 66,1 LT
{Sub-Tota1) (w2) (150.5)  (4,585)
Tashigang : 12 : ' 33 g - 1,943
Chirang . 8 27.3 433
Paro - 7 0.6 ' 149
Thimphu - 14 22.6 767
 W/Phodrang 3 05 183

{Sub~Total) . (44) (84.8) (3,480)

Dther (10-Zone) 45 1180.3 ' 2,0&3
(@rand Total) (131) (415.60) {10,113)

Surface ?ater Irrigation

The main advantage of surface water irrigation is that
water courses are technically edsy to construct., But
it has the following disadvantages.

1) Since the water is taken directly from the river,
channels are frequently damawed by swift currents,
mud flows, and landslides.

11)  When parts of the channels g”ts damaged " down
stream-irrigated areas are adversely affected,

114) Because of the large volume of mud - in the river,
during the rainy season, sand . sendimation crnates
problems in intake facilities and farm 1dnd
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iv) In large scale irrigation projects, operating

costs become high bscause hizh capaclty pumps

h“ve to be used.

v) In the dry season medium and small-rivers are
often unuseable as they—dry up.

Ground Water or Well Irrigation

In Bhutan, surface water course irrigdtion covers

only aboutzwéof the total farm land area, There

is little scope for expanding the amount of available
farmland. In order to increise productivity on
available land the Sixth Five Year Plan proposes to
expand and improve frrigation facilities. The Fifth
Plan concentrated on building surface water irrigation
facilitles. The disadvantages of these facilities
were polnted out above,

Steady supplies of good guality irrigation can
alternatively be supplied from ground water. The
meritsof groundwater or well irrigation are as
follows:

1) A steady flow of good quality water can
be waintained throughout the year;

i1) Iprrigation facilities can be constructed
at the center of the targeted area, which
can cover relatively compact areas of up to
i5¥20 ha. This reduces the rate of water
loss (le2kage) .t the time of detivery, and
rmakes maintenance easy.
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3.

Su

~Japanese and Bhutanese GoVernment Contribhfiohs'

In coqﬁ&ftino tie survey, the Govornment of Jdpan
) engineers and necessary equipment and mater;als.
For its part the RGOB shall provide offica space and
necessary 19331‘1ab0ur. The Royal Govermment shall

provide national codntErparts'whb will be trained in

groundwater manaaement techn010ﬂy.

Components of the Survey

The survay will consist of the: followmng hydrogeological
components: ’

i} Surface recbnnaissance: ‘appr6x1mately~50 sq.km.

1)  Electiic resistivity testing of sOils- about
60 sites (200n deep).

311} Test borings 5 sites (maximum depth 150 m).

iv) Héter quantity and quélity‘surveyi 5“sites.-

v) Simple survey: 1 site. |

In addition to the ahove hydrogeoiegical survey, there

will be @ socio-economic appraisal of the feasibility of
ground-water irrigation in the study areas,

Survey Perod and Follow—uo

The conduct’ o&iffe survey includlng the production of .

a final report/take 12 morths, ' If the results of the
survey show thit 1t is hydrogeolooically and economically
feasible to develop groundwater irrigation in the study,

a full-scale development Dronrdmme W111 ‘be immedidtely
initiated, '
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1T,

111) Although construction costs are high,
operating costs are low and only for
_electricity,
:It 15 possible to provide supplementdry

iv)
o irrigation efficiently.

While these merits are considerable, there has been

_ little survey ﬂork conducted to estdblish the existence

of. groundWAter sources. Thus, it is nrOposed thatany

investigution in groundwater irrigation in Bhutﬁn would
have to start at this point.

GROUNDWATER DEVELOPMENT SUR/EX PROJECT

Objective

The objective of this project is to study the possibility
of ‘using groundwater for.ffuture irrigation development.
This will be(ﬁ;hieved through a hydrogeological survey of
some selected/ areas of Bhutan to determine the economic
feasibllity groundwater irrigation. The project will
develop appropriate survey methods, as well as train

Bhutanese engineers in fieldsof'grouhdwater development.

Study Areas |

Surveys will be conducted in Samchi and Paro Dyongkhags,
Samchi will be representative of the Southern plalns area,
and a 20 sq.ka will be surveyed in that Dzongkhag. Paro
wiii be representative of the ravine plain areas of the
1nnér Himalayan zone, and a 10 sq.km will be covered in
that Dzongkhag.
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6.

10

Executing Apgency

The survey is expected to be implemented thrbugh
grant assiqtdnce from the Japanese Government for
the provision/tachnLcal assistance, equipment and
materials, However, the implementation agency for
the projecﬁ will be the Department or Agriculture,
Ministry of Agriculture, RGOB,

Equipment and Materials

The Iollawing are the ﬂajor equipment and materials

requlred for the survey:

1) Geophysical prospecting equipment: 2 sets

11)  Drilling equipment with accessories for a

test well _ o : 1 1ot
111) Casing and well screen :  for % wells
iv) Testing equipment:

- Pumping test unit

: 2 units

- Logging equipment : 1 unit

- Water .quality analysis kit : 1 unit
v) Observation equipment:

. - Hater level measuring 1nstru~ : .
ment _ : 3 sets

- Water flow meter : 3 sets
vi) Vehicles for Transportation: ' _

~ Truck with crane 2 2 units

~ Station wagon/pick up : 4 units

- Water tank lorry unit.

-
-
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Appendix-1

Report of Feasibility Study
of

Groundwater Development
in

Gaylegphug #Area

Kingdom of Bhutan

Décember, 1986
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INTRODUCTION

A preliminary survey of the possibility of groundwater
development was conducted in Gaylegphug in 192 | It
consisted only of a field reconnaissance survey and
electric resistivity testing of the soll.  Given the
very limited scope of this preliminary survey, more
accurate surveys and designs are required for project
implementation,

General Condition in'Gaglégphug

Gaylegphug Dzongkhag is situated around the centre

of the southern:border plains regions, It is about
1,530 sq.km, in size and Shares'about 150 km of border
with India. It has a population of 111,283.(1985)
which is about 10% of the total population of Bhutan,
The population density of Gaylegphug is about 72,7
persons per sq.km, which is about three times the
national average, ' B | |

Gaylegphug town is the third largest urban concentration
of people in Bhutan after Thimphu and Phuntsholing. The

town has a customs checkpoint, and is a key traffié_pbint
in Central Bhutan.

There is about‘ﬂ97 sq.km of farm land in Gaylegphug
Dzongkhag, the second largest parcel after Samchi.
There is 2lso 2 small amount additional) land that
could be converted into farmland

Susmary of Topography and Ceclogy -

In the hinterland of the Gaylegphuéyfgj¥he'Mahabaratb
range ¢f the lower Himalayas which rises to a peak of
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2000 m, The Mao, Thaklai and Bhur Rivers flow out
of this mountain range und form a fan..

like confipu-
ration in the plain below:-

Topographical and geological formations are poor in
the east-west direction, aut favorable in the south-
north direction, Terrdce development is intensiVE

and south-north in ndture. Three stages of terrace

faces are recognisable (Figure 1),

i) Ugggrilevel terrace face:

This 1s on the steep slopa of the mountain foot
in the 280-400 m altitude range, Sub-surface soil
is of sand-gravel Fformation containing bolders,

, There 1s farm 1and and 2lso undeseloped land, In
LeOpani this land is used for orange orchards,

1) ﬁiddle level terrace face:.

This is on the moderate slope of the mountain foot.
in the 230-280 m altitude range. The soll is sandy,
and the land mostly used for paddy. This level is
suitable for irrigation and is the core of agricul-
tural production. '

1i1) Lower level terrace face:

‘This land is on the flat river bank in the 190-230 m
altitude range, and includes urban Gaylegphug. The
river bed has sandy solls. Some land is used for
dry field crops while some suitable for paddy culti-
-vation,

The ﬁao Rivégfﬁrborescent and has a catchrment areof
619 sq.km. It bas a makimum Tlow rate of~240 cubic
meters per‘seﬁond and 4 minimum flow rate of 17 cubic
meters per second.
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The Taklal and Bhur Rivers have respective. catchment
areas of 169 kq.km. and 60 sq.km. They become slow
flowing stredms in the dry season.

The hinterland: of the study area is in the main
Himalayan tetonic zone. The geological structuce

of the lower Himalayan zone s moderate with sync1inor;m
structure and forms a double-inclined structure, The
lithofacies is weak metamorphic to nonmmetamorphic'
sedimentary rock, consisting of sandstone, shale-clay
slate stone and red—purple colored quartzite and lime-
stone, The samalik formaiion of the sub- ~Himalayan zone
is not seen in the study area, but is believ&d to be
hidden at the lower part of the flood plain, The terrace
deposits at the top of. the fan-like configuration are
bolder-sandugravel in Iormatxon with mixtures of large
stones, Thq;sandwich silt The 1argest bolders are at
the center of the fan., The river bed is mostly nade up
of sand formations with some grdvel

' Hydfogéological Summary

It is presumed that the deposits at the top of the fan
are highly permeable, and therefore that region would
have a deep groundwater level. Thus a- total of nine
electric resistivity tests were carried out in this

region to ascértain whether or not wet zones and base-
ments exist,

There are no deep wells in thes&udy area. or else where
in Bhutan. As such, there Is no other data with which
to compare data from this study. But Jjudging from the
results of this study, there is a possibility of obtain-
ing groundwater from 150-200 below the surface,
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The potential for groundwater development is best at the
lower and middle level terrace faces, where water reple-
' niShment-by-the Mao River is best. But
level terrace face, If replinishment is
are foreseen, But If the hinterland is
may be difficult,

even at the higher
good no problems
narrow developnent

The existence of a good layer ofgyoundwater'has been
confirmed. It is now desirable to implement 4% edrly .

as possible, boring tests to study possibilities of
ievelopment.
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4. Rainfall

Rainfall in Gayleghug, 1985 is stated as fallowa,

Table-l RainYall (1584) iﬁ Gayl gfaq

Temperature .Evaéoraﬁidn: 1Rainfall No. of
Max.(C°) Min, for 24 hrsimm) {mm) ~ Rainy day
23.27  15.66 23.2 23.2 4 days
21,96 17.57 24.7 59,8 11 days
26.84  22.15 37.4 62.4 1 days
26.58  24.82 9.2 87.2 14 days
28,61  24.98 4.3 512.5 17 days
286.83  26.30 27.1 1,135.5 24 days
29.08  24.52 19.4 1,681.2 29 days
30,40 26:24 25.7 §90.4 - 25 Qays
23.92  24.18 15.3 912.2" 25 days
30.40  28.82 30.0 80.6 7 days
28,70 22,12 29.1 82.0 6 days
25.68  17.29 21,7 61.4 6 days

votal  (Ave.d21.8  3,388.4 175 dnge.
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