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#4—5 Crop Arca and Production for Bach Crop,-1981 and 1984

Crop Area . Crop Producton
(‘000 hertares) _ (‘000 tonnes)
'lalgei : Target -
1981 lg8d (1987 1981 ~ 1984 1987
Cereals . _ _ _ _ . i
Paddy 28.0 306  37.0 57.4 65.0 84.5
Wheat~Barley 12.0 14.4 166 - 133 16.0 - 22,5
Maize 56.8 58.5 525 807 ' 87.3 86.1
Buck wheat,” . ‘ : .
millets 15.6 20.6 15.0 123 16.8 12.7
Total 112.3 124.1 121.1 163.7 186.1 204.8
Other Crops . . : o
Pulses 40 . 30 5.3 2.4 2.6 3.8
Mustard 2.9 5.0 557 L9 3.5 3.9
Potato 3.7 4.2 5.1 249 32.6 - 50.0
Chillies,” : -
vegetables 3.1 1.7 3.6 12.2 5.3 15.1
Oranges 6.2 7.8 80 . 256 387 . 531
" Apples 1.5 1.6 1.9 3.3 3.5 8.8

Cardamom 5.9 88 . 66 2.8 . 30 4.1

Note . Figures are based on estimates made hy District, block and village officials.
Target 1987 refers io targets for the Fifth Plan . ' : '

Source ! Surveys undertaken by Agriculture Depariment_iﬁ 1981 and_1984.

— & 2 OEZEET, OHREEEIE , BIICOUTIRERESIPIIL, Lich Tk
@mﬂabf4ykm5®%Auﬁégé%immo@m@fﬁékwﬂﬁﬂﬁﬁmmﬁﬁ
H b, LI TENRLIZOMEIR, ZLTA, v b@i}"f@%#fxﬁdhﬁ?ﬁﬂ%;ﬁﬁﬁ*é K_J’CL
TR, AMODOMBELNE P(l%ﬁ%@lZmiﬁm) O*%58®4/77#
BHINTES T, ol FOMENSH 2, @F L OB K KICHIE L, ﬁﬁm%ﬁmﬁw
WM CHHMOSHOIBIT, TR PIBOWE & OMENS S,

44— 2 FEHRORE : :
MBI L HAAAE 4 — 6 055 &, ﬁiﬁ##—-%mmwﬁ[%®#b?ﬁ®
27.3Tha T, &ﬁ#v?@fl?ﬂme%D\Hl®kﬁﬁﬁﬁkuﬁ%hab R
RS EROBRERE TH S _ |
ﬁ4—7aﬁmwﬂmfmylﬁb@ﬁﬁ%ﬁpfbét;%sﬁsﬂifmfnvm
P RTERERDNE )y TR EBEF AT, KT, H ¥ AT Furh— LS
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R T s 2 ORI L TIND E L hbind,
4—4—3 777K ORHES

i ft 1 :"'z;igation H[X (A'rca'[')cvelopmcnt 1’&!_[5( YOEBEMNAZEEL-9CRT EE
BDCHb, 731&1??03/&1’;% Wu%lﬁih pattern [ TIEHENE, 1T, hFORK
._,Qa’{&ﬁ\ r%f;,}i;ﬁukbw DOLCPTEHE DL, KOS 7 2T L AR T S,

F4—-6 L:md Under AE{I icuttural Use by Dzongkhag, 1984
(2000 hectares )

, _ Wet Dry ~Tsheri  Kitchen Orchard & Total

Dzongkhdg o - Land Land -Panpgshing Garden Plantation Area
Ha 0.t LB 0.8 -- 0.3 2.9

Paro o 2.1 25 0.2 — 0.2 50

Samchi 6.1 136 1.9 0.3 5.5 27.3

“Thimphu L 18 12 0.3 0.1 1.1 4.4

~ Chirang . T _ 3.0 7.8 0.1 0.1 3.8 14.8
Dagdna. .~ . 0726 0.2 - 0.1 3.6

Gasa — ~ . o0l 0.3 - - - 0.4

Punakha . - 15 0.2 _ - — 6.1 1.8

Wangdiphodrang ' 1.8 0.9 0.1 - 0.1 2.9

" Bumthang S 2.6 0.6 - 0.1 3.4
Gaylegphug - . 41 9.4 0T 0.1 54 19.7

Shemgang = 09 14 0.8 — 0.4 3.6

Torigsa = ‘ 0.7 1.2 0.4 - 0.2 2.4

Lhuntshi = _ 1.2 1.6 0.7 0.1 = 3.5

Mongar o 05 2.9 0.9 0.1 - 4.4

Pemagatsel 0.1 1.8 07 . 0.1 - 2.7

Samdrupjongkhar 1.8 4.2 28 = 0.2 0.5 9.5

Tashigang - 3.2 10.1 1.2 0.2 0.1 14.3

BHUT_A_N- " - 297 65.6 11.8 1.3 18.0 126.5

’\Iote . These f:guft,s conflict'with .tho.se given in Table 5.2 The figures in this table
aie base,d on estimates made by District, block and village OfflCidlS while the figures

i Table 5. 2 were based on .remote sensing methods,

Séur_ce . De;iartment of Agriculture.
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a4 -17 Irrigattion Schemes Comp]eied-l)urihg Y=éar Eading March 1986 by Dzon‘gkhag

New consiruction Renovation . Bank Protection

Na of |}eng1-l‘1m01' Command  No  of Length of Command No  of Length of

“schemes channel area_ schemes channet - .'area schemes embankment
(i} (hectares) Gand " (hectares) a ()
a - 6 4.3 81.0 5 4.0 - 482 o3 44,0
Paro I 1.9 100.0 26 - 42.6 1,836.6 25 38
Samchi 9 22.6 £41.3 15 43.0 1,573.1 13 13.5
Thimplu 10 317 904.9 23 .54.7 £,318.7 —. —
Chirang 10 22.7 5717 5 13.4 - 2065 2 1.0
Dagana 7 20.3 396.8 4 #16.3.- 388.7 - - o
Gaza 2 2.9 50.6 5 7.8 79.4 - -
Punakha 3 10.5 162.0 25 2.2 2.355.6 2 0.2 -
Wangd i phodrang 2 10.1 283.4 " 15 18.4 1,040.0 - it
Bumthang 2 4.3 40.5 o e — 3 2.5
Gaylegphug iG 24.0 1,217.4 8 18.5 10121 15 15.6
‘Shemngang 2 6.4 182.2 7 - 16.8 400.4 ] LD
Tongsa 6 11.1 244.9 ¥ 9.2 230.8 - -
Lhuntshi 10 44,4 659.9 12 38.6 598.0 = L=
Mongar 5 21.4 789.1 6 8.4 478.5 - -
Pemagatscl 4 10.1 206.9 - - - - Co-
Samdrapjongkhar 11 35.3 1,799.6 5 16.3 “607.3 5 4.2
Tashigang 10 65.0 1,513.8 6 13.5 3174 3 ) 2.0
BHUTAN 110 348.9 09,7860 . 174 394.8 12,4919 72 ... 878"
Source ! Department of Agriculture.
tlefs]alsle]v]sTofwlule

Cropping Pattern [ Mustard . Paddy
wheat .

Cropping Pattern I

Cropping Pattern I .Lv::f;ra\fﬂa“‘f paddy \\ Paddy

KI4—9 Cropping Pattern( Area Development )
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BACKGHOURD INFORMATION

Antroduetion

The major ebjectives of tne Siztn Five-Year Develoovment

lan of'thejﬂoyal-Go?ernment of Bhutan (RCORB) are:

1Y -:the implOVEm9nL of Living conﬂi ions in the
_ nation' . _
i) the establishment of natiopai self-rellance;
; and - o

134)  the preservation dnd promation of the counlry's
' rich cultural heritdge and its values and
_institutions. '

In order te achieve these objectxves the Roydl
Government will continue to aive Very high leOFity
to the dovelopment of the ag gricultural sector. Agri’
cultire is mainstay of the Bhutanese economy, directly

or indirectiy engaging 90 of the population.

The country’s ccnrigLr;tion'ia one of high mountain.
ranges. ‘As such, the amount of avallable agricultuvdl

lapdis highly linited, Arricu3turd1 developuent stra-

tegy should thérefore emphasize the more efficient use
of availeble land through more’ ju4icious application of

other - nonmldnd inputs,

:Aa a oart Of this strategy, Government plans to
develop the use of ground witar for lrrigation. However,
.there is no previous exgﬂrience in Bhutan with full-
‘scale development of ground . water for elther agricul-
,tural or domostic use,
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The Royal Governament hence wishes to make &
request to the Government of Japan for technical
assistance in groundwater development,

General Geographic Conditions

Bhutan is a 1and¥lock¢d'surrounded'by the Tibet
Reglon of China to the North and Nerth-West and
by India to the East, South and South-West. It

“has a total area of 46,500 sq.km. Most of the

country lies within the Himalaydn ranges. The
mountalnous chagagter of the country meana that
flat land 157to a few relatively broad river
valleys in the mid-country and some expanses of
plaih areas (the Duars) in the South,

Thrée:East-West geographical zones épe_ﬁéually
distinguishable. The southern foothills rise

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

about 20 km into Bhutdn, this zone jis subtropic

in nature, From the foothills to the north, the .
hills of the inner Himalayas rise more gradually.
This region contains the broader river valleys. of-
Punakha- -Wangdi, Pdro, Thimphu, Bumthanv and Tashigdng;
the economic and cultural. heartland of Bhutan, “The
high Himdlaya zone consists mainly of high alpine. .
meuntain ranges. Thus the climate is very,varied,
ranging from hot and subtropica) conditions in the
south to perpetual ice and snow in the high Himazayas.

The totdl population of Bhutan is about 1. 2 million
people, and growing at about 2.6 per cont per annum
The 909u1ation density is enly abouﬁ 26 pecple per .
square kilometer, Most of the population is dispersed
in small rurdal vilidges situated in the ravine plains.
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‘4 evelopment will have to rely greatly

Copditions

Bhutan is a'typicaily'agricultural country in which
90 of the people 2re engaged in agriculture or agri-
culture related activities,

Agriculture contributed
about 44% of GNP in 1934,

Thus general economic

~on the deve-
1opment of the agrlicultural sazctor.

Subsistence is @ mtin feature of Bhutaneze agricul—

‘ture, But even:thls is.strong1y influénced-by topo-

graphic Circum't.anc'egc The amount of cultivable land
availab1° to & farm houszhold is only about Q.7 h3,

_dnd coP pefl cdgltd for people in arriculturc is only
~about US ¢ 79 as’ opgosnd te Us ¢ 1040 for tne wholp

nation.

'Only'2.7% of -the total land area, le. 126,000 hactres

is angéultural 1and' {Tavle 1) The majority of the

land is oc"apieb by forested or nowbapped mountains and

peaks, There is thus only a 11kttea capacilit“ to.

'extenslvely expand the amount of land available for
" cultividtion,

LABLE T

'ﬁiea of cultivable lapd by region

Regton = 0 Area(na)

| Héstefh | 16,733 (13%)
Central :_ o 9,399 ( 7%)
South-central 18,353 (15%)
Seuthern 56,527 (45%
Fastern | o 25,473 (20%)

Total - 126,485 ha




In Gaylegphug, for example, paddy yields on iyrd gatLd
land have been tripled since the early 1930s, and are
four times &s high as ylelds on unirrigated land.
{Tabre 2)

TSBLE TT

Comparative Yield Statement~qg Paddy in Gavlegphug

Year Average Yield by - Average- Yield by

rain water _ Irrigdted water
1982/83 515 kg/ha SR 67.9' kg/ha
1983/84 531 kg/ha 1,75 kg/ha
1984/85 - 487 kg/ha 1,976 kg/ha
1935/96 576 kg/ha . 2,307 kg/ha

Tn the FLEth Five Year Plan (1931. 86},'the irrization
facilities that were completad drew water from river
sources, These new structures brought an additlonal B
of the total farm land under irr igation.

In the southern border zone, the avez&ve lesigth of watér
courses is 3.6 km, with an averdoe command: area of 30.6 ha
per km. In the ravine plains of the inner Himalayas, the
average water course length is only 1.9 km, but -hds & comnund
area of 41 ha per km. This m2y be considered to he efficient
In comparison to s udies from other parts of the world.
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The major crops of Bhwitan ore paddy and malze,
The two trops, respectively, occoupy 304 end 54w
of the perminently croppad land, Wneat {16,000
tonnes) crop and potitoes (32,000 tonnes), buck-
wheat/miilet*(16 00 tonnes) ' and oil seéds
are lmpOPtdnt crogs. :Pulbes, frults, vegetables,

cardamoms are ualsg cultivated on & smaller scale.

The wain paddy producin” ar9357£§ the south adjacent
to the border with Indla (in Gaylegphug, Samehi, and
Samdrupngonﬂkhar Dzongkhags), and in the 5mall open

_river plains of Paro, Thimphu, Wangdi, Punsakha and

Chgranv TyplCdlly, piddy is a single annudl crop;
At is only traditiondlly dnub]e cropped in parts of
the irrig*ted areas of" Gayleguhug,

In most CES“S, wheat is cult:vdted as the second

‘¢crop after pahdy and mairze, LCRWGQJL and millet
‘are.mainly cultivated in the mountain zones, Self-

sufftc;encv is v@t to be dchleved in the main food
stuffs,  The country lmports about 25 000 tonnes of

fgrAins annually.

Ifrig@fidn

is
As stated before there[lit»}e cdoab111t3 to extep-
sjvely expdnd the QMOLHh}kU1tiV6blE land, IXncreased
output, tberefore i;e obtained malnly \hPOUJH using
lmproved 1: putq and gromn6 two or three crops a year
bn'ghe same land. Irrigatlon is almost always an

-inpexatjvt_for th° later proposition, and to he able
'tn use 1npuhs Rore eff101ent1y,

The! construcfion in Bhutan of Jvrigﬁtion projects
thalt involve full scale water courses commenced in

1980, Resu5ts_so far hiave been very encouraging.
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Irrisation Sc heme% completed duvincr the Fifth Plan

i Y A

B e e P e e g ¢ Rttt b,

Surface Water Irfigation

e S T o AR = Bt e e

‘Region Mo, of 3¢ }e mes Lenoth of uandl Area

(No.) (Km ) (Ha)

S/Jongkhér .10 ' 43.1. 1, 435
Gaylegphug 14 _ 41.3 1,359
Samchi. 18 66.1 1,791
{Sub-Total) (42)  (150.5) (4,535)
Tashigang 12 33.8 1,948
Chirang 3 273 433
" Paro 7 0,6 149
Thimphu 14 22.6 767
W/Phodraz_lg . 3 0.5 ' 183
(Sub-Total) (4k) . (84,8) 3 (3 &80)
Dther (10-Zone) 45 1B0.3 2,063
{Grand Total) (131) (415,60 (10,113)

The main advantage of surfdce ﬂate" irrigdtion is tnat

water courses are technically easy to constrLct ,Bqtl
it has the Iollowing dtsadvantdves. 
i) Since the water 1s taken directly frcm the rjver,

channels are frequently damaued by swift curzents,
-mud £1015, and landslides,

ii) Yhen parts of the chamels gets damaged, down

stream- irrlga ed_areas dre adversely af*ected,

111) Because of the large vilume of mud'infthé rivéﬁ,

during the rainy season, sand sendimatioh crradtes
problems in intake facilities and farm- land,

— 80 —



In large scale irrigation projects, operating
_costs becons high bﬂcduae high capacity pumps
-h‘ve to be qud

v} Inh the dry bedsan mediun and small.rivers are
' often unu%edble as they“dry up.

Griound Water or.Well.Ifrig;tion

InIBhuﬁﬁn, surface water course irrigétion covers

only about @# of the total farm 1and ared, There

is 1ittle scope for expanding the amount of available
farmland. In order to increAse productivity on

' available 1and the Sixth Five Year Plan proposes to

.axpand and improvs 1&rlgdtaon LaCihties The Fifth
Plan concentrated on building surface wabef irrigation

'Iacilities. The dis?dvdntageﬂ of these facilities

IWere pointed cut above.

Stéédy supplies of good guality 1rrigaticn Can
alternatively be supplied fram ground water. The
- meritsof groundwater or well irrigation &re as

- Lollows::

i) . A:gteady flow ovi good quélity water can
be maintained throughout the yaar;

._ii)- _ Irrigation faéillties can be constructed

at the center of theetargeted area; which
can cover relatively compuctareas of up to
iSHZOiha.s-Thlsjfeduces the rate of water
1055;(1eékage)-4t the ﬁime of delivery, and
makes maintenance easy.
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Jaaanese and Bhutanese Government Contributions

In conductinJ :ie survey, the Cov“rnment of Jdpan
rill/)nﬂineers and necessary equipment and materials.
For its purt the RGOB shall prov;de of{ice space and
necessary locial labour. The Royal bovernmnnt shall
provide national’ countelparts who will be trdlned in
groundwater management technology.

Comoonents of the Survey

The survay will consist of the followlnD hydﬂogeological
components. :

i) Surface recdnnaissance' appz‘nxi'matelym3ﬁjq;km.

i1} Electifc resistivity t9st1ng of 50i1s; about
60 sites (2000 deep)

'iii) Test boring: 5 sites (maXLmum depth 150 m)

Iv) Water quantity and quallty survey: 5=sites.
v) Simple survey: 1 site, '

In addition to fhe_above hydregeological survey, there

will be 3 soclo-economic appraisal of the feasibility of
ground-water irrigation in the study areas,

Survey Perod and Followuuo

The conduct oglffe survey includino the productjon of

. a final, report/take 12 months. If the results of the

survey show that it is hydrogeolooically and Pconomically.
feasible to develop. groundwiter irrivation in the study,

& full-scale development programae’ W111 be immedidtely
initiated,
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114) Although constrvction costs are high,
operating costs are low and only for
electricity,

iv) Tt is possible to provide supplementary
o drrigation éfficiently.

While these merits are tonsiderable, there has been
little survey work conducted to establish the existence
of groundwater sources. Tnus, it is proposed thatany

“investigation in groundwater irrlaatlon in Bhutan would

have to start at this point,

 GQOUNDf+PE1 DFVLLOPMJN SURJES P \OJLCT

:-Objquggg =
Thé objective of this project is to study the possibility

of using groundwatpr Tor.future irrigation developaent,
This will be Qphieved throubh a hydrogeolovical survey of
some selected/areas of Bhutan to determine the economic
feaSLbility groundwater irrigdtion The project will
develop appropriate survey,methcjs, as well as train
Bhutanese ergineers in fieldsof groﬁndwéter development,

Studxsﬁreag'

_Suhveys will be condd¢ted in.Samchi and Paro Dyongkhags,
Samehi will be representatiuve of the Southern plains area,

and a.20 sq.km will be surveyed in that Dzongkhag. Paro
wili'be'répresentative of the ravine plaln areas of the
inner Himalayan'zone, and a 10 sgq.km w11l be covered in
that Dzongkhag.
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Executing Agency

The survey is expected to be impleﬁeﬁted through
prant assistén%e from the Japanese Covernment. for
the provision/technical asuiﬂtance, equipment and’
materials, However, the implementation agency for
the project will be the Department of Agriculture,
Ministry of Agriculture, RGOB,

Equipmant and Materials

The following are the major equipment and materials
requirad for the survey:

1) GeoQHysical prbspecting eqﬁipment‘“ 2 sets

11) Drilling equipment with accessories for a. . -
_ test well : 1 lot

@

iit) Caslng and well screen . t . for 5 wells

iv) Testing gqQuipment;

~ Pumping test unit

: 2 units
- Logging equipment 2 1 unit
- Water quality aualysl& kit s 1 unit
v) Observation equipment: -
' -~ Water 1eVe1 measuring 1nst1u~ -
ment . : 3 sets
~ Water flow meter : 3 sets
vi} Vehicles for Transportation: |
=~ Truck with crane : ,.E'Uﬁ{£5'
- Station wagon/pick up ¢t kounlts
~ Water tank lorry :t 1

'unif.'
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INTRODUCTTON

A preliminery survey of the possibility of groundwater
development was conducted in Gaylegphug in (LA £
consisted only of a rield reconndissance survey and
electric resistivity testing of the soil. Given the
very limlted scope of this grélimiﬁary survey, more

accurate surveys and designs are required for project
implementation,

Ceneral Conditlon in Gaylezphug

Gaylegphug Dzongkhag is situatéd around the centre

of the southern border pldins reglons, It 1s about
1,530 sq.km, in size and shares about 150 km.of border
with India, Xt has a population of 111,283.(1985)
which 1s about 10% of the total population of Bhutan.
The population density of Gaylegphug is about 72.7

persons per sq.km, which 4s 3bout three times the
national average,

CGaylegphug town is the third 1argest uroan concentration
of people in Bhutan after Thimphu and Phuntsholing. The

town has a customs checkpoint, 8nd is a key traffic point
in Central Bhutan, '

There is about 197 sqg.km of farm land in Gaylegphug
Dzongkhag, the second largest parcel after Samchi.
There 4s 8lso & small amount additional land that
could be converted into farmland.

Summary of Topograohy and Geology

In the hinterland of the Gayleg phug)lsrkhe Mahabarato
range of the lower Himalayas which rises to & peak of
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2000 v, The NRO,'Thakldl and Bhur Rivers flow out
of this mountain Tranze 2nd form a fan- 1ike confipgu~
7rat;on in the pldin below: -

Topogrdphical and neological formitions are poor in
the east-west: direction, out favorable in the south-
north direction., Terrace development is intensive

. and south-north ii nature, Three stages af terrace
faces are recognisable (Figure 1),

1) Upber 1eVe11terréce fage:

" This is on the steep slopg of the gountain foot
iri the 280-400 m altitude ranoe Sub-surface soil
is of sandugraVQl formation containing bolders.

‘There iz farm land and 2lso undexeloped land, In
 Leopani this 1and is used ior orange orchards,

11)“'m1ddle“1évei terrace face:
- This 1s'on.the.moderate slo?e of the mountain foot
in the 230-280 m altitude range The soll is sandy,
- apd the 1and mostly used for paddy. This level is

suitable for, irrigation and is the core of agricu1~
'tural production

iii):;Lower level terrace face:

This land is on tbe flat river bank in the 190~230 I,
altitude range, and includes urban Gaylegphug ‘The
river bed has sandy s011s. Some land is used for

—dry field crops while some suitable for paddy culti-
vation, - '

The Mao Riveg¥5rborescent and has a catchment areiof
619 sq.km. It has a maximum flow rate of -240 cubic
‘meters per second and a minimum flow mate of 17 cubic
metnfs per second,

— 87h_



The Taklal and Bhur Rivers have respective catchment
areas of 169 bg.km. and 60 sg.ka. ih%'becoae sLow
flowing streaas in the dry season. '

The hinterland of the study ared is in the main
Himalayan tetonlc zone. The geological structure:

of the lower Himalﬂyan_zoné,is moderate~with-synclinorim
structure and fbrms'a'doublewinqlined-strdctﬁré.. The
lithofacies is weak metamorphic to non-metamorphic
sedimentary rock, consisting of. sandstone, shaienclay
slate stone and red-purple colored quartzite and Lime=
stone, The samalik formauion of tHe sub- Himalayan zone

is not seen in the study area, but is believnd to. be

hidden at the 1ower:part of the flood plain. The terraC°
deposita at the top of the fanalike configuration are
bolder-sand.- gravel in formation with mix»ures of large
stones, Thq;sandwich siit, The largest oolders are at
the center of the fan, The river bed *s mostly made up
of sand formations with some grdvel

Hydrogeological Sunmary..

It is presumed that the deposits at the top of thﬂ fan

-are highly permeable, and therefore that” region would

have a deep groundwater 1eve1 Thus a total of nine
slectric resistivity tests were carried out in this':

reglon to ascertain whether or not. wet zZones and base-
ments exist

There are no deep wells in thestudy area or else where
in Bhutan, As such, there is no other data with which

to compare data from this study. But judvinv from the
results of this study, there is a possjhility of obtain*

ing groundﬂater from 150~200 below the surface
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‘The potential for groundwatar-ﬁevelopmeut Is best at the

lower and middle level terrace faces, where water reple-

' nishment by the Mao River {s best. Bul even at the higher

good no problems

narrow development

level terrace face; if replinishmenﬁ is
are foreseen, But if the hinterland 1g

may be difficult.

The existence of a good layer ofgroundwater has been
confirmed. It is now desirabdle to implement as early

as possible, boring tests to study possibilities of
1evélppmeht.



4. Rainfall

Rainfall in Gayleghug, 1985 is Stated”aS'fallowa;

Table-l Rainfall {158%) in Gayleghag

Temperature Evaporation  Rainfall Wo. of.

Hodth iy (C®) Min. for 24 hrs(mm) (mm) _ Rainy day
Jan.  23.27 15.65 21.2 23,2 4 ﬁay§
Feb. 21.96  17.57 YRS © . 59.8 11 days
Mar. 26.84  22.15 37.4 ' §2.4 11 days
Apr. 28,58  24.82 39.2 8.2 14 days
May. 28.6} 24.93 41.3 | §12.5 17 days
Jun. 28,83  26.30 27,1 1,135.5 24 days
Jul.  29.08  24.52 19.4 _1,581.2 29 ays
Aug.  30.40  26:24 25,7 §90.4 25 days
Sep.  29.97  24.18 15.3° 932.2 25 days
Oct.  30.40 28.82 0.0 80.6 7 days
Nov. 28.70  22.12 29.1 82.0 6 days
Déc,  25.68  17.29 217  sl.g 6 days
Tokal  (Ave127.8  5,308.4 279 auee
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W BER 2. SCOPE OF WORK

SCOFE OF WORK
: FOR
THE STUDY
: : JON _
GROUNDWATER DEVELOFMENT

CIN .
SOUTHERN FART
: oF
THE KINGDOM OF BHUTAN

ABREED UFON RETWEEN
MINISTRY OF AGRICULTURE
_ AND :
JAFAN  INTERNATIDNAL CDOPERATION AGENCY

THIMEUH, NOVEMBER 2B, 1999

. uﬂ;;m;éfi‘:‘f;;-;,

DASHO KHANDU WANCHUK MR.HAYAD ADACHI

SECRETARY = . _ TEAM LEADER
DEFARTMENT UF AGRICULTURE - FRELIMINARY SURVEY TEAM
- MINISTRY OF AGRICULTURE JAFAN. INTEKNATIONAL

ROYAL GOVERNMENT OF BHUTAN COOPERATION AGENTY
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. INTRODUCTION

in 1esponye {o ihe. féqueéi .nf . the Rouyal
Gaverpment of Bhutan, the Guvérnmeni' uf__ dapan has
decided to conduct o sludy on gﬁoundwéter :devalopﬁent
project in soulh area d; ﬁhdtéﬁ (hereihafier référréd' tq
as "the Study"} in accﬁrdénpé.With the televant ”iﬁws' and

regutations in foerce in Japan,

Accordingly, The Japan fnlernationa! Coeperation

Agency (hefeinaftef:- feférfed Lo as “JECA“),,_ Lhe
vfficial agency responsible “fur lhe iﬂplemenlélioﬁ ol the
lechnical cooperation -of lhp Govermment af  Japan, will
undeytake the Study  in’ ciuéo  éoppératién with = the
authorities cenceined _ 0I. ~the .pré}wau€ernmaﬁf' of
Bhutan. .

The preseni .documenk sols forth e scope of  work

T

Wwith regard lto the Study.

1. OBJECTEIVE OF THE STUDY'

The objective vf the Study is to conduct a stiudy  on
waler resources potentlial with an emphasiSfuﬁflgTuundwater

project in Gaylegphug District of Bhutan. =

I, STUDY AREA

The study will cover the 1 -ea uof _Gaylegphung-

District.

M :
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Iv. SCOPE OF THE STUDY
The Study shall inctudo-fci{awings;
PART A DATA COLLECTION AND REvViEW

1} national and repgional sugcio-economy
23 ‘topography and geology
3) - hydrolagy and meteorniugy.
4} .~ hydrogeology
- 5 populgtion and econemic activities in
| lhe_aléa
6 brevious study resultls-

7) miscellancuous
PART ‘B: FIELD SURVEY
1} tqDogtaphic _ and géological
recanﬁaissance

2} metecrglogical and hydrelogical

investigaltions

KD topngiraphic sutvey

;) Strvey an Cross sectinns and'prnfiles.of
Liveirs

.5} eleclrical prospectings

6} driTIing survey and pumping lests

ST destgn, installalivon and operation of

experimental facilities /Z;ﬁéiﬂ

FART € STUDY AND ANALYSIS

A
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1 hydrological balapnoe
2) agquifer conditluns
37 anundwater ftuw and rechérgé

4}  water qualtily .

[a1]
e

waler demand

PART 13: FORMULAT!ON AND CEVALUATION OF WATER

RESOURCES POTENTIAL

1)  formulation of wvater :resuurceé'
developmént:plén
a) rivers
L) pdndé‘und funks.

¢y grobdndwater

project evaluation

[and
bt

a) social and environmental impact
b) ﬁrojecl evaluation
V., STUPY SCHEDULE

The Study, in principie, shall be carvied out in-
accordance with the fenlative schedule shown in Uhe attached

sheetl.

¥Yi. REPORTS _ _
JICA shall prepare and. submit the fullcwihg

reports in English to the Royal Government of Bhutan.

(1} inception Report (IC/H) _ : ;%égﬁgﬁﬁ



- Twenty  (20) copies al lhe commencement of the
wark in Bhutan
(2>  Prhgress Report(l) fP/Rr)
Twenty(20)  copies within  eight(8) . months
Cafler the commencemen! of the Study
(3) Interim fteport (IT/R)
..-Twenty(?Q} ‘cobies  within thivlcen (13} months
after ithe "commencemeni u{'thc Sludy
(4) Frogress Report(2) (P/R2)
| Tweﬁ{y(zbffdopies within ninetcen(i9) months after
the'cummencemeni of the Siudy
(5) braft Final Report (DF/R)
Twehty}zﬂ) _ cabigs gith;n twenly~-seven(27) months
a[tgr_tﬁe commencement of the Slﬁdy
Thé Réyqf _Government‘ ol Bhutan shatl submit
.their coﬁments Cwithin thivly(d0) days after
recéipt of the Drafl Final Hepovi.
(6} Fiﬁa; Report (F/R2
| Thirty(30} copies within sixiy(60) days after
the _receipt cf the comments un the Draft Final

Heport
AR UNDERTAKINGS'DF THE HOYAL COVERNMENT oF HHUTﬂN“

1. To = facilitale smovth conduct of .the Sludy, the
- Royal  Government of . Bhutan shall tiake necessary

measures;



(t)y teo sceure Lhe safely of the Jnyahége siudy
team,

(2) to permit the members of the anaﬁése's{udy
team - to cnter, leave and sbjoﬁrn in Bhutan
far the duratidn of theoir arss'.ignm.cnt
therein,  and exempl thom -f}um_' alien
registration requifements and cuﬁsuié} fees,

{3) to exemp! lhe memwbers of lhe JapancSe study
team from taxes, duties, fees and '.utﬂér
charges on equipment, mach{néfy"éhd bther
materials brought  into ﬁhuldﬁ for the
canduct of Lhe Study, SRR |

() to.excmpl-: the members of the Jap'ame'se”:;tudy
team  from incoine tax_ah& ther Chéfgés' of
any kind imposed un or in '-cbhﬁebiioﬁ' with
ary emolumént or allowance 'paid to- the
members  of the Japanese study team for
theiv  services in connection 'wfih | the
implementation of the Stludy, |

(5) to provide necessary facilities to the
Japanese sludy team Enr'rehitléncé a$~'we1l
as utilizalién 6f‘1he funds inlruduced into
Bhulan f{rem Japan in cuﬁnection with the
implementation of the Sll_idy, o

(G) to securc. permisSinn for entrf iﬁid_ pri;ate
properties or restricled aréas for the.
conduct of the Sludy, | .

(7) to secure permiésiOn_[ur the Japanése study

Aty
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team to lake dala and documcenls (including

Photographs) rvelaled Lo lhe Study oul of
Bhutan to Japan and

8y lo"prov&de'Amedical-seivices as needed. [ts

| expenses will be chargeable on Lhe members of

the Japanese study team.

The Royal Government of Dhutan shali bear. claims,
if -éﬁY;éfiSGS againsf membcrs uf the Japanese study
teqﬁ.'resuliiﬁg‘from. sccuring in  lhe course of, or
6thérwise 'cénnécﬁed with ihe discharge .u[ theiy

duiies_.ih the implementation of :lhe Study, except

~when | such claims arise from gross negligence or

willful misconduct ~on the part af the members of the

Japanese siuﬂy teanm.

Ministry ‘of Agriculture , the Royal Government uf

Boutan  (hereinafter reférred Lo as  "MOA"). shall

act as:é ceunterpart agency ftuo lhe Japanese sltudy
team aﬁd . alse cacrdina!iﬁg bady in lcfaticn with
-bihefl ) gbvéﬁhmehtal and non—guvernmgntal
-orgaﬁiééfihﬁs concerncd for Ehe " smooth

implementation of the Siludy,

MOA 'shall, at ils own éxpense, previde 1he ~ Japanese
study team with the following, in cooperation  wilth

other relevant organizations:

(1) avaitable data and information related to  the

AHY P
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study,

(2} . counterpart personneil, _

{3) suitable office spaces With necessary equipment
in  the siudy areast.and Thimphu,

(4) credential or identificalion cards and.

{(5) vehicles with drivers and fuels

VII1, UNDERTAKINGS OF JICA

For the implementation of the Study,:JICA.shaii take

the folloving measures;

(1) to dispatch, _ét'its'ﬁﬁﬁ cxpcnsﬁ, Japaﬁese -éfudy
team lo'BhuEan and A : _ 7._

(0] td pursue 'téchnofngy ipangfer _{tﬁ." the
Bhutanese counterpart persunnnl'in the churse_ uf

the Study.

IX. CONSULTATION

JICA and MOA shall consull with each ather in respect
bf any mattef-that may arise from or in conncclion with the

Study.
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BB R 3. MINUTES OF MEETING

MINUTES OF MEETING
FOr -
GROUNDWATER DEVELOPMENT PROJIECT
TN
SOUTHERN PART
OF
THE KINGDOM OF. BHUTAN
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MINUTES OF HEETENG
FOR
GROUNDWATER DEVELOPMENT PROJECT
IN
SOUTHERN PART
OF ' :
THE KINGDOM OF BHUTAN

The Prellmlnary Study Team was organized by +the Japan
Internatlonal Cooperation Agpnry GTICA)Y and dispatched to  Bhutan
from November 16 to Decenmber 1, 1989. The JICA tean had-a series
_of discussions with the Department of Agrlculture (D0A)  and
conducted & 31tp survey of Gaylngphug District and relevant
-facilitles. ' o . . :

The followlngs are reaults of the dlscu331ons and understood
by JICA and DOA, in connection with the Scope of Work signed
between JICA and DOA on November 28, 1989.

1. ﬁEvect;v&<Area N

_'Hlth reference to Artlcle III of the Scope of Work, both
parties agreed to carry out the Study “on water resources
potential - for the Gaylegphug District and on the project
master plan of water supplies for Sarbhang, Toribari, Lift
Irrigation Project area, Norbuling, Thewar Irrigation Project
area, Katuse, Bistadara and Lalai az shown in the attachwent.

2. :_S‘tiidy Séhedulé.' _ _
" With reférence to Agpendxx 1 Tentatlve Study Schedule, " hoth .
partles agreed fo conduct the Study in accordance with the
detail of the study schedule as attached herewith. It is,

however, ‘noted that minor modification may be proposed by the
JICA Study team. :

3. }'t‘e Zevant Orgamza tzon

Both partles conflrmed that this water develo:ment project
_could involve other  water usages such as new-town. water
© supply and drinking water for local people. It is, therefore,
‘sgreed that DOA - should make necessary arrangements for
discussing thsae w;th other sectors using water. .

4.  Local L.aboumm R
TOA agreed to provide necessary 1abourera for the following
works : inatallation of meteo~hydrological gauging stations

and obsePVation, ground survey, electrical prospectings,
drilling and pumping tests and installation/observation for

the experimental facilities. _ Ti;;zéiﬁz"
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5. Vehicles

JICA requested DOA to provide necessary rombers of vehicles
for the Study. DOA explained the situation and proposed to
provide one (1) truck when necessity arises and drivers and
fuel for all the wmhmles .

6. FEguipment

DOA requested JICA to provide equipment and materials such as
vehicles, hydrological observation equipment, grdund survey
equipment, electrical proapecting: squirment, accessomes "and
materials for drilling, office appliances and _necéssary
materials for the experimental facilities. The JICA %eoam
stated that the DOA’s requeats would be conveved to JICA head
office to make budgetary-arrangement for the above. :

T. Experimental Work

With reference to item (7) of PART B in Article IV, DOA
agreed to JICA"s proposal of adopting the experimental works
in order to. ensure the water supply programs . to be
established in the Study. Therefore, DOA agreed to secure the
land acquisition for the works. '

B. Technology Tz-ansfer

DOA pointed out in connection with undertakmg of JICA
especially with- technology ‘transfer for the counterpart
personnel training program in Japan to be implemeintsd. The
JICA feam stated that the D()A 3 requests would be conveyed to
JICA head offica ) .

Thimphu, Woveaber 28, 1389

KHANDU WANGCHUK - © - HAYAO ADACHI -

DIRECTOR GENERAL - LRADER OF IR
DEPARTMENY OF AGRICULTURE 'PRELIMINARY STUDY TEAM . .
HINISTRY OF AGRICULTURE JAPAN INTERNPTIONAL

ROYAL GOVERMMENT OF BHUTAN COOPERATION -
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R A, TR R b

LI T O1 LYFC”TNG DATA -

'1,.w®xmmmCme-

: 1)' Assam & Bnutdr { No.78-1/5) 1 - 50,000

_ 1ot Copy
2} Assam & Bhutan { No.78-1/9) 1« 50,000

Cepy

-

3) GEOLOGICAL AND MINERAL MAP OF BHUTAN; Geological Survey of
Bhutan :

_DATLY RATNFALL

3

1) Gaylegphug Manual recorder (1978/83 Elevation 375m)
2} Gaylegphug Manual recorder {1971/83 Elevaticen 327m)
3) Taklal | (1987/88 Project-office)

3. DAiLY DISCHARGF OF RIVER

_1)' Mao river: at Lodal Gaylegphug(1976/82 Elevation 266m)
2) Mao river at Lodai,Gaylegphug (1978/82 Elevation 376m)
3) Taklai river at In-take =~ = {198?/88)

4;- ABOUT AREA DEVELOPH}:Nm PROJLCT IN GRYLEGPHUC T

T)I:Outllne of Lift Irrlgatlon Scheme
~ ) ’Vonuhly rurining-hours report from Jan'87 to March’8S
3} -Electricity charges of Lift Irrigation Scheme
4) . Result of Paddy demonstration 1985
By Comparatxve Yleld statment of Paddy
6) Command area in Acres
) Report of The expert feam on Lift Trrigation Scheme

5;. ABOUT TAXLAI IRRIGATION PROJECT

“1). Outllne of Taklal Irrlgatlon prOJQLt
2) Agronomy Report by Food and Agrlcul tu*al Organ*satlcn
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6. GECLOGY & RYDROGEOLOGY

1) Himalayan Geology Seminar (1976-79) New=Delhi

2) Himalayan Geology Seminar (1976- 82) New-Delhi

) Groundwater Potential of The Kingdom of Bhutan 1982
4)  Geolowical and Mineral Map of Bhutan 1: 500, 000 Copy

5) GLOFECHNICAL SURVEY AND DES I GN TRANING MANUAL FOR HILL
IRRIGATION SCHEMES 1IN BHUTAN(EL

] FEEDER ROAD MANUAL ; Volume

1} Hydrology
2) Irrigation de51gn Mdnual
S)Feeder Road Manual

ABOUT AGRICULTURE & OTHERS

1) Report on Agriculture ana Irrlgatlon Plannlng Pro;ect

2) Final Document on Gaylegphug Integrated Area Develop-
- ment project

3) Statlstlcal Yearbook of Bhutan 1987

49 Statistical Year Book of bhutdn 1988 Centaral Statistiéal
Office _

Lk) Statistical buljetln Agronomlo Survey, 19988 and 1989
{(draft); Central Statlstlcal Offloe '

6) Manpower developmeht and Training PrQJect(Asian
Development Bank} I o Jff

7]} TECHNICAL ASSISTANCE PROGRAMME, _ _
Geotechnlcal Fleld manual Ffor . Irrlgat1on ﬁng;neers and

Technicians, June 1988
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2. ROYAL GOVERNMENT OF BHUTAN

Y

2)

4)

5)

6
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'8) .
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- Zonal Administrator

Planning Commission

1. Deputy Mlmste1

2. D;rector

Ministry of Agriculture
1. Secretary

2. Deputy. Director

Department of Agriculture

.- Sectretary
Director General
Joint Directo_r'
Personnel Officer

- M&E Officer
Procurement Officer

Section Officer

® NS

Project Manager. of Taklai

Department of Geclogy and Mines,

Joint Dirvector

Department of Power

Lentral Statl‘stlcal Office

TR S 1O |
ok ko
ek # o

OB B

Dasho. C. Doriji

Mr. Yeshey Zimba

Dasho. Leki Dorji
Mr. Kimley Dorji

Dasho. Kandu Wangchuk
Mr. Tshering Dorji
Mr.Thubten Norbu.

Mr. Sonam Peljore

Mr. Birendra: Dhakal
Mr. Pewa Tashi

Mr. 5. B. Tamang

Mr. R, B. Subba

. 'Dasho Kinzan Dorji

Mr. Sonam Angley

thuatmg D1v1510na1 Engmeer : Mr. D. B. Chettni

Chlef Statlbtlcai & Natlohal Project Manager

Departmert of Works and Housing:

1. Deputy Executive Engineer
2.  Planning Officer

Mr. Chewang Rinzin

Mr. Gehharam Dulal
Meghraj Adhikari
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11 Hotel SONAM Gay!egphug '1‘him_phu I—Iofel
RABPHL _ JUMOLHART
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1 _iCoffee 3.0 6.0
2 Tea 2.0 6.0
3 | Orange juice 5.0 ' fo1ee
-4 Soda . 3.0 6.00
5 Beer ( India) 14.4 17.0
& | Sandwich 8~-10 6— ?5
7 Potato tinger 5.0 C 8.0
chip
8 | Vegetabie Soups 5.0 ' 110
9 Chiclien Soups 8.0 14.0
10 | Omlete ' 5.0 11.0
11. | Fried Egg 50 9.0
12 | Boiled Fgg 2.0 E 4.0
13 | Fish Fried 13.0 26.0
14 | Mutton Curry 12,0 24.0
15 | Chicken Curry 13.0 : 24.0
16 | Chicken Chilli | 17.0 26.0
17 Fri@ﬁice 8—-18 o 11—-18
18 I Rice 30 8.0
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o R 7.

GROUND WATER POTENTIAL OF THE KINGDOM OF BHUTAN
" (Fact Finding Mission)

Prepared by the coﬁsultantf;- |
| Dr.CHANDRA H.SHARMA,
Executive Director,
Watéf & Energy commiss.ioﬁ,'

NEPAL

For:~
SOUTH ASIA CO-OPERATIVE ENVIRONMENT PROGRAMME -
P.0.Box 1870,
© COLOMBO,
 SRILANKA,
1982,
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1. Terms of references to the consultant

and Methodaolagy

i
2. Suhmary of findings ii
2, Acknouledcements Ty
L, Persons intervimsed & qork progfam@a vi
5. Travel ltimesry vii
&. Geographical features | ' : ' 1
7. Geomorphalaogy ‘ o - _ B 3
8. Ceology of -Shutan | _ . ' g
c. Land.reﬁaurcas : - 3
10. UWater resourccs | ' o 12
2. Clicate | ‘ . ﬁé-
S Sq;face weter - _V_ ~ o 17
c. Ground water . S : 26
d; Cnnciusians e Ly
11.  Project proposszl - o : 'LZ
12. Annexes, ' - B : s
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an the :=1nfall data it is poassivle ta say thet zbovt 19..0ham 1s
wa a\e*wgﬂ rd*nrall and most of the ralnfall goes as . a nLloce
wn ofF (T6X) whereas, obnut 5% retzin.d in snow and rust 3%
afcolﬂtas 2s ‘ground water (see rviver hydrographs), The le: zid

Joh flow diff&*enva is not much e 10 to 16 tinmes unliﬁe Lhies

piher himelayen river, qhere it is In tre-ordzr of 100 to SH0 times.

RiveT cauglng was done for a 11”1u2d perind and also in the  few
rivars. wﬁich dons nagt prnv1de aood_pic‘u*e. chever Bhuisn pusses
the river cauge data of some af the mziar rivers (;ab]s. Biveoasns)
(ror 1556 an. Mcrd uhlch ir ccnuerhed inta discharge will be &
naJor asset in we ter resources plannlng for hydrop0mer Irrigation
and c»her developnent Even iF the cross section. end dlscrarge are
not avallable it will possxbie to utilise the zbove - ﬁeta by making
one or tuwc yea & obsar uatinns 2t the same 'sites from wher? the czta
ueie'collected and correlzting. the staff gauge heagh..wiih ihe
discharoe. Houevev_a rough estimate of discha T2 rtan be made from

ihe data nf rivers of ‘othar rgg‘cns.

Tﬁaubh-éistﬁﬁfb af a'river'af any point ds related to cross sectional

area -and aversQe veloclty but i"can be corrélatead ui hstaf{ guage

to raCuca thg frequency of - obszrvauion and COﬁpU‘EulUﬂ of cross

*act*nn and ve1051»y Unera 'f.he.absanqg of Eny ¢ztz of velocity

&ng eﬁs’sectlnn the guage 'i ght dztz beeomas asy us2ful anz in

such czse uhateueé is estim ated mzy . hcve+ SDE.HOueuar it is possible
a

'tu Corralate with similar nnv1rnnﬁen;al hlnaleyan rivers dat
is g‘uen ba]au.; : : |

Iha relatiunsh1p 1s Pveraeecas shnun below in the table a2nd may be

tested in case: ar Bhitenzse river. of uhich guzge hezgh‘ is given in
.Et ached tqble ne.B. Y. Eig 5.
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Blvers ' Hax v ! Hin v ! G.H.max'.G,H. win' Dischearge m3/s9¢.‘
' nls ' wm/s t in ! 0 ' max ' min b
g.Bernali ¥ 3. 44 ' Q.52 1 4,09 b 0.ES ' 15L8 ! 9&;8é.'-ﬁn
y.B8agmati ! f : ' T  | o
at Chobay! 2.30 ' 0,49 .‘10;12 1.3 too504 ‘.Bﬂ-é57‘
c.Sunkashi ! ' | t 1 .. :. Sy 1
at Khurkot! 3.57 ' 0.46 ¢ 6.8S ' 1,12 ' 2786 ' 84.23 '
g.Tamur 1 h.16 ! 0.L6 0 5.0L ' 2.47 ' 16,420 54.06
26.4k ' 6.03 ' 6780 ! 233.3 1

H)

1. Haximua discharge per meter gauge heﬁght ZSDm;/S-

2 Hinimum " x ] . n B = 38"‘13/3.

UYater and Power Patent*al

It eppears that Bhutan's net cont ibution of water to the Erchnputra
system will be O. SCrUn off coefeclent) x1.15(Cannual precipi z2tian)
ta the river system which mesna =zantzl diﬁchargn of. Bhutan riuer
u111 be L?OUGx1Gsx1 15x0.8=463240 million cublc meter which is
tonpetible to totz) run off as given by Dr.%.L.Raol. ﬂ579.....°,)
io uanxush 17270 »illion and Menzs 32&00 to the pclnt nF EJahnputra.
In bis dete 3 large part of India is alsc *ncludEML(Sﬁ’ fig 6,7,38)
(*0r,K.L.Rza-Indla's Wzter Wealth P 2567 Orlent Longmen Ltd.) f
Rccn;dan to 8him Subba Executive englneor elec»ricity Dvpartnent
the low flaw of Hanas is 200 cu npc,Sankcsh is 50 to 75 cumes end
Chukha is 28 cu=ec.As low flow and hiqh flow is- 16 times difference
the averaga will be approximetly 5 times. of low flou That xoans 000
tumec for the river Manas and 375 for Sznkosh and ) Paldak The
total may be 1515 cumec,If other rivers Bre alsa taken 1nﬁo account
and the total average dlscharce of 1717x. E=1373 cumec nEy'he?
possible.This is reallv canparsble with hepsl which hag 5000 cumec
ulth nearly 3 times srea that of Bhutan. Ehutan has more Talﬁrall
In the foot hill reglion wherees,Nepal has higher ,ainfall 21l gver
“idland.The adbove discharge theoritically can be funuert;d fn ta
electric energy 1373x2333x9.61=2224L6nu

2
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the bzsis of elevation asng poriaeble discharge the fngres app{n;.

pbe as follows:~

we
0y

Zone O v om0 & v Eneroy \
' .3 1 ] : ' .. : I f

{, LOOmm 14h/se 33535 2.8 WL TxA0T L ke
7. 800mm ' 228 ' 2704 ot 7.75x90%
3. 1500mm ! 332 'oq58s v o 5.00x10% »
,,2500mm : 257 to94s v xox 2.07x40% » s
5.3750mm ' 225 to305 17 4 0,07%10% &

20.9x10%221000mu.

fhe above theoritical energy can be broken down as below:-

h Bas1n energy inclusive of surface Tlow = 21DGQmu-
», Energy of concentreted river courses . = 14000mu.
¢, Technically fessible 43% of a = £020mu.
§. Continaus energy 4% of a - = 2000mu.

from the sbove analysis it can be =aid that cemmeicially féﬁsibie
MErQy of Snutan llies near aboui 4000mnw,which comes 20% of totzl
theoritical patential (21,000mu). As Bhutan will nat be able ta£
consume this large bleck of hydropower in Fareseeable futhré;it'

Is possihle to export to neighbeuring cauntries faor eccnqmic benafit.

The nature of rivers are streight aid valleﬁs are de€p and narrbm
Mich is suitable for runoff;type of river schames.fs gradient is
shzrp fe 3000 meters in 200%xm le 25 meter drop per km.the:aréa is
3t suitable for reszrvior schemes.Due to shzrp gradient tha.rivEr
Sas voloclty 0.6m sec to’3 meter/sec zt different times {n & year
(ses .fig..A1...) | | |
tsarvior aréa i3 limited only at the but let part in the fobtﬁﬁill
12ton where rivers are flst and have wide Qalieys.This is true in

tase af the Manas znd the Sankosh.
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ivers fvstens of Shuteni-

PR

\‘\\\

11

Y

yyera systems or-Bhutan gre-ingortan~ not only far water resou-ce
3
.

gt elso they hava deueloped uide Uﬂllﬂyﬁ In the hezg reglanme whleh
ave helped to flourish the EhUtdﬁESE cul

%y ‘-'i

‘ure and civilization. The
artent river vallayd Bre Th‘rpu Para,Punzkhe,He, 8

-
3
AR

Qum»hang,fasdigeﬂg

"

-

W

the maln river systed af Bhuten are following(from esst to west):
Nypra Amarl

1
-z, Dhensirl river
. - Hanas nrgﬁnng fi
. Haoe cr Ale river
., Senkoab or Tshangchu
. Raldak or Wangchu

m o =y

.~ Amochu or Tarsa river
. 3181 river

INULNTURY ‘OF RIVERS BA SED U?GN i 250 000 scele Mag
Fraom Ee-t ta Waatr-

Primarv ' ' Secaondesry sad téritery
1. Nyera Anari rive*» 90k ma o a. Dish Lzl Nadl 20%xm
Richhong R4 30km{ii or Chu meens
{Chenla Rij river)
PO _C. ng name o d2km
Total langth 90km - : E2km.
ﬂk-ﬂhanslri’rivgr 55km 2. Junri{Chumchu) 22%nm
3. ﬂahes'hi:Gcngri_-110km b. Kdri or Uri 172 "
' C c,.Gamrichu 50 &

d. Kulong or Teshige

-yang chechu B0km
Y. Wghmung chu gﬂ b
13, Kurichu . - 75 "

2. Blgoar chu(Bahlungchy) 38km
e. Tangsa{Magden chu) 150"

i. Bhumthang Tiver

. (Murchhangu chu) E0km
41, Burgong chu 33km
{14, Ranji gang chu 20%m
1v..LangtE.CNechu) L5%m
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subdivisions of 3E1 Bhumthang:.
PLAALE.

Subdivinions of 3848

.. Yeng thu L2xm 5. Mela chu . 20km
p, Chamkhar 2km b, ﬁhakog chu 20km
(Chamakha chu) _ _
Totsl 74km Totel  4Okm
fotel 110, 380, 252, 429,
L, ‘Haa (ﬁie river22im) 8. N -name 12km
b. Gbkachu 20%m
(Gong khola)
c. Tirkhola 16km
Total 22km Tatal  50km '
¢, Between Mzo 2 Manas 8. no name © 20%m
i Sankosh(Tshangchu) 105km. 4. Dagnachy  50km _
i.noc name 15km.
b, Changchu 20%m '
thla' N
€. Burichu 33km. f.larechu éﬂkme
d. Hdchu LOkm 1.no=name . 1ﬁkm.
e. Shzongchu  h5km N ‘
f. Fhachuy STkm. i;nn'naée 22km
' ' : (N-E 6f Pnobijixa)
1i.nc neme (Y of
Luniana) 35kn
Hil.no neme(E of . .0
- o Lunana)-_: - 15kn.
9. Punzkha{Machu)t5km, _ '
' d.no namelE: of Nora) 42kE
$1.A0 name(U of Gzsa) 22ks
L 11i.no hame(s of Gasé) 17kE
Pa 105km £=350 Y= 173
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Raldak viver 7 125km.

g, Pipingchu A2%m, g,
(Wengchu)

no name  22xm (Shprl)

11, ne name  17um(S gor

Drugaiﬁzo}

b, Ha Chu 5 5%,
€. Parochu 79km, 4. po nase 1Tk,
d. Thimpu Chu  37ka '
. . B. NO name 22%m (south af Thimpuy)
425km, : 166k Stem.

; £mochufTo;5a river) &5km. ®. ho'nane '35km.(naa: Dungna)

B. no name 25km (v = )
B5km 60kn
Pt river S 18km.

.no name(near Kopche)  15km.

nd ta*al length--

Erimary o Secondary
£50km, . 1 998km,

& abéﬂé figure indicates that the 77.80 Bq.,%km.,%s govered by per
L,leﬁgth of primary river {f secondery is ipcluded it comes to 7
LSB aq‘;km,,‘Th*s indicstes "thet the tapogrephy is ard'énd gensity
fprlnar¥ river 1s 0. 0132 which is less es coﬂpzren to rivers of

ipzl, as ‘Ehawn in the following tazble:~

vy fed river - . Mon snow fed Tiver

pre

“; SunkoSh 0:02185 4. HKankxal G.085
*“Wn o 0.0150 2. Hemalz - 0,05y
(. T?'mr: 0.0335 3. Dagmeti a.045
1+ Raligendaki .0.0250 k. Ezbai 5.058
% ¥arnall 0.016227 5. Jimruk 0.075
| | | 6. Uest Rapti D.0335

mt of. the abov; rive“s the most important are the HanESuhE Sunkash
' mﬂ Raldak and the Amochu or. Tarsz. Only"he Tarsa river risss in the
'nbat uhergas rest originate in the southern part of Kimalayas of

‘“lan Exce?t the Manas and the Sankosh all the rivers fleow touards

. vash’
h“th mast of Bhutanesa terrlimry whereas, the Hanas and the Sup
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puds louasres the south ubgt The catchment erescaof rivers are Goeer

JAth the forest and hard rock with the result ) the

sediment trensgart
and g;nsion sre llmited The hydrogragh 0

f the Brehmgutra indicates
ghe ratio of lou to high flow in neerly 10 times at Pandu (upper

oaches) Bad 92 Timea st Bahadutbed (lower reaches).Like wise rivers

! Bhutaq will behave in simidar Fashlon as that of the Brahamputrae,

this characteristles 15 seen 4n the rivers of Ehutan which. have lau
and high flow ratio 16 to 30 times and this helps much in the wa

rgsourcas nevelopment uithout reservior systen.

ter

These r1v2*s alsd-re:harge the grouhﬁ ‘water squifers 4in the foot hil}l
;Eglﬂn and are alsa fed by g*ouﬂd uater.-ysten in the hills.It i=
haerved thau frah the nauura of river hydrograph contribution to the
1au flou by gruund water is more slgnificant 24 compared to snow melt.
Howaver, the rain fall helng spread all over the year has wmlso helped
puch in redu:ing the .rigorzsity of the rivers,ie flood in rzlny sezson
end low flow in the summer.If immediate rzin fell pert is deducted the

ground water coniribution bacomes. smaller to the river.

these rivers have developed terraces in the foot hill regions uhierees,

in the woudta‘ns except in upper reeches the river terraces are very
few.There appezrs . two old river terrzce el Farpo angd et Thimpu. znd the
river terraces are slépihg:touards the river.Vhe discha:gezand othey
tharatteristic af some of the rivers esre giveh'in tzble a8t the end (Annexes:
md represanted in Hydrograph Fig 9 ta 11.

Utitisation:-

——

At gresent Ehutzn . is-importing électficity for the southern beld fron
'*5501NLHQ part of Indla.However Bhutan has =lso geveloped many mind
_a“” micro ‘hydyo plants.

1. Fawer:-

iy Hini Hydra p;ant.w'

. Gita com - 1.25 Hu.
Thimpu _ 0.36 *
Paro. ' o.Lg *
ﬂangﬁiphodrang a.30 *
Tasﬁigang ' 0.72 "

. »
Hongar ""”%f%?“"’”‘
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an

the top of the above generatlon,nsarly 1315.5x105 kwh 418 purchesecg

ganually froa Indla.

b.

11,
i2,
13,
14,
15.
6,
17.
18.

Helor olent:- _ .

R blg hydroelectrle st Chukka 1s on its wey to complatisn.In th Tirs:
phese the capacity is LxBlme«d35me eperatiﬁg_under a head ¢of L&Em,A
L0 meter high gravity type diverslion dam and head race tunnel of 6. 5k,
lang znd &,9m diaanter,surge shaft 12Zm dia and twa presure shafts of
gach 3o diameter will genefate puuerlin undar ground powrr staiioen,The
estimated cost is-about USS 187 ta 250 million.

Irrioetion:-

In irrigation sectar much had been done ‘particularly in the hill éhd‘
1irt drrigation system. - '

The following is @ list of irrigation coverzge in different districts,
The cﬁst ﬁf 1ift drrigation is becoming expensive zs cast'or'electrie
city is 2bout 60 pzlse per unit, ' |

District : Total commznd =res

Thimpu ‘ 50L5 acrzs hill ‘area

Para Lt

Haa - 100

Punsikha ' LS4
Jangsl Phodrang ) i 2247

Gasa - . : nil-

Tongsa _ : o 122

Bhumihang nil

Shzmgang LGt

Daga 353

Tashigeng ' - 5480

Penz Gyel shel . 13T

Mongar 500

Luntshi 12L5.5

Phunsaling L7us seuthern zone 7 .
Galephung 7320 lift ‘irrigation
Chirang o 203

Samdrup Jonkar 1540

31370.5 acres.
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In

cen2l L oat present & to 7 x

the edave hil) 1r;ination schemes,

ine dptaiﬁs are as rnllous-

i
L
3.
.
s,

.

dn the

‘No of intakes 3

For CEn;U;lES

 k11ana ers to fetch

No &f pumps o2 (one.wlll ne
Cépaéity : 20} cusec

Lift _ 17 meter

Lengih of hain.cﬁnallﬁ;QSkﬁ. _
Leogth of distributeries 21km.
Capaci»y _ 20 cusec ub to
ﬂCnnhand area _ _QDQU zcres
Requirement of m;téf 20 cuszc

the second Stage the 11Ft will be.
Grink|ne uate..~

_ﬂcaple lived e;ther

the mater flow

@ and rnay be
schemes. One 1ift ;rrigatign 1

length of
sQ to 12 km In Future

generally the {dle

seen in Gelephung srea.

(Tun are operating).

added)

2.3 and 25 cusec beyond

avoul 121 meier,

near the river or wzlked severel

1

many areas zre under piped supply

tapplﬂg surfece watzr.Pipad drinking water is suppliad in mest of

the dist:zct hEdd quprters af Bnutan.Samdrug Jonkzr has & well and

it errengement ta.=unp1y water,Excent

limited ar=g ithere appRars

to be no prablem of drinking water.

8y 1580, 150 units of rursi

ang 23

in the urhan waier supply

schemes mére'cbmpleted snd now nearly L8 schesas &re in progresy

ru i pa;ts al chutan.
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GRUUKD “ATER
The hord and impervious roews gf the hills eré'nut'suitéﬁiu'rn}
percolation and starage of graund waler except in. the wezk mnd
Faulted zanes which help as a secondarv poro*;ty to paa<e.\e ths:
ground water.Most of the springs from uhare the mate‘ ls now
suppliad either for irrigation or arinking water,zre lécated in
the fractureg zdnes.ﬂ *ys.tﬁauic survey ol such weak zonre with
springs will help Bhutan not vnly in the 5=lect10n and ig: nti.lcatsun
of chean drinving water p:ojec s but al=n Fn"‘crilling 1n nqra
rock to tap the rmost of the spring water.In valleys like Thlhpu
and Paro nearly 16m gravel denosits are Found in the mig pqrt
valley, At present the surface water znd sprlngs are found to be

sufficient in nills not to warrant the ground water davelopnent.

In plain area the drinking water is g bfoblém at Pégii'éﬁ;drup.ﬁcnkar
and Phunsoling where water is supplied for twa times a dey. 1t

becomes zcute du: ing the sumagr when mast. of the rivars dry up.

In irrigation =esctor,durbng Feburary and March the srell qupp}y

from contour cenals zlso,dries up 204 this cr:atps prob1em_For
énd. ,crop gven though sometimes there are scat nred anga;s qf

rain.For third crop there is alueys 2 prablem.

To have assurrad round the year irrication as well 25 to supply
drinking and Indudtiial watar,Zhutza Govt.,hes shoun interzst

“in the sezrch and the development of ihez ground water,

The ground wites is 2 part of hgu‘ulogic cycle and fafluenced by
the rock system. It 1s Aecessary to anelysa each of paramaters

like rzin fall,surface water,rock znd tarrain,

The following are the canclusions dzrived from the study of various

physical paremeters, discussed in earlier chaptera.
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srulan Bus umg) ¢ ru?n HE DR | wid Lhe reln al)] 1 Sfrreud p?bCL‘Ch:h
BNl will be Yittle
Y¢h varies from place to
totel. The total ralp fz11
500 to 544 1 swhich § refineg in
tioe will g{ua a battar ple:

round the year honece agoyt lone) water requirs

to meet the evapotranspiration meed,un

plece ovut can be est fmated 1 meter in

rioure varies Crom 1 teurse of

nure Toa bz on zzfer sice tha aveilaole

;ain (le is.22s5Umed to he avae 1154nma 2nd may ba a.sund 3000an

pes annum in’ specific places,

Recksin the hills are unfavourzble roy ground walter storage except

in valleys where =zt present therp is sufficient w
“tequired csn be lifted up,

zter which 4&F

As Bhuzan is cnvered ne:rly 70& af land surfzee by varidus tyges

nf Forﬂst (She 1s for»unata to have very few land slide=z =2s compared

ta nth:. part of thalaya

,but rivers zre becaming wl}i 20d rivers
v>2ining in Pero’

snd ather p}aces EZre now eseentlal hs hard rocks

tavess most of the sres in hills the agriculiure is cone only in
the valleys.In 2rezs where sof: roch has been found ,people have
cultivatad and- Yrrigated By coniour cansl aad in few vears time
thzy have lgsi their entire field Gre ta slides.{This feature

Is sz2n neas the ‘bridge at Szrbhzng),

Teoocraohic gnalysis:e

Shutan has 1imited plain an¢ more slopy =2res a2t the foct hill,
: ‘Uiteb7e Fer ir;icc fon and zericulture bavelopment,conseqUEHv]V

the requirakent of the proeundé water will be swmazll,

From tdﬁag:apbic maps the folleuing z-ress zre found to be resson-
ably sloping for agriculture developsent end from generzl znslysis

Sultsble for gvound water ipvesiipztion snd development.

- Lot R : ) - . - L elye
Name of the zrea'® Size of thié zrez' Eleveilon! Kezae af nesr by river

. Mainitay b 4.5x3kn ' lgragient) Chaung Patsn Perenia!
S . R C v La0-5040, 4
. | - | .
2. ‘Cheagmari = 1 4x2.5km i 320-4L0(1:11)! Oiane perenial
3. Sameni - N T ' 300-480 ' Chamarchi river
: . t - -f : B ¢ (1:3) Sy (pgranlal)
. . ' W senns Suxtinedi
f‘-—Gakti—(near cemgnt! ix0.5 ¢ Zen-320 f U B
' FaC'orﬁ) . ' . ) N (1 35) « (seesong
- . . e . ] \ . a}.i naﬁi(seasana
+ Fzoli t2.0% Lon-L00¢{1:33)  FPag
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i the narth-of the area s highly dense and 'slesp topogra phy is-

iserved whereass, the southern arep which falls in Irdia hek mnore

oother cantourd.lear by peaks i{n the north have elevation aizn,

;Hm,1120&;879m,?88m,respectiwely. (aee Fig. 19}_

:pography analysis indicates thal Letue- praapectc Exls.s 1n paglf

uxti and Samchi arez 200 unfzvaursdle in Chqﬁgndrj anr ﬂnin val.

= . _
, Phunsoling M ix0.7'200~240(1: 25)'Dute thla& Torsa perenxal
. kall Khols '2x1.5'620-400(1: 50) 'Kali- Khola

i 440 700(1.&_)-peren191

sy staep tupogvaphy and flat arez are found in the north and
auih respectively, The ter:ace Is E ton 1ckm thh fram the rauer
29 at Phunsnling whereazs,z% Kasli Phola terraua lavel 15 b3m

devation on the averzge.

e nearest peak at Hall kholz is 101%m.In Phunsoling ares around

2ler potential exists in lower part at InZa-Bhutan bovder.

) o
" Szmatung ' 3x0,7 ' 300-320 (1:25) ' Tupgkhola . .t

: ' 320-380 (1:10) * Perenisl . . !
~Reawel Tar ' 1.5x1.5 % 30G-400 (1:15) ' Shistirhals pernizal!
/13

‘frea between Dysas rzdi ' 4bx2 ' 200-3G0 (1:20)"'Gcbar.kuhdlarea
to Gobar kuﬁd neadi L ' 2aea3ao (1:235) ‘_Dy;aqadi area
In this ares the Symqu#'of recharge Is seen as the river goé;
undzar ground from é reasonzble distance.In Gobar kund aree the
terrace 1is SUm.,aboue the river bed whereas,it is & to Ew,,zbave
tiver bed,at the Dysanadi area.Though this srez s undar the
Torest, it may be clesred in future If mDTE-agriculture'land'iS

needed,as 1t has better pétenilal for. Ggrounc ustar.
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£
I

The Heanas river 1s 200 to 300m,.,ulde st the out let part in Ehuis~
There 1s & terrace 1.5%x1km, ,whith has élavatioh from 180 1o 200r,
This 2rea may Be cood for 1ift irrigation

Pan 78/1

Charphull to Sutd .Nedd 7x2km., 100~200 (41:2)

Souin east of the area in the Indian territory threaISQring line
lakes were observed.Thay are Kohal S.ri bill ,Chanmarl bi} and
Ohel dhela bil.The Rabéng nadi geins water and:Charphuil nagl
loses water indicating Qrouhd water rzcharQeQThe river béd is 12
meter below the land surface.North of.Charphuli afaa the_tarraiﬁ
is stgap z2nd the elevation renges from 957 to.1082m.In the south
flat land 2nd dense lorest area (with broad leaved tree and 3
meter high elephznt grass) are Found. '

T8N/S

Only the wzstarn part has same flat azrez of 306 to L0Gm. ,elevation,
where the river galns and 'leses uater indicating. ground uater
systam working in that 2rea.Tha northern part has reletlively

Flat conrours =nd elevation is 1066 meter.

7eN/S iy _ 7
Ezmdrup Jankar has flat tezrrece zng the eleuatibh-vériES 180 to
ZDGm.Tha:zuaiLable area is_O.5x1,5m;DEvelnpmént site far the
ground wzler zpp2ars in the cenirel part of theiz%egfln-the noyih-
hills have bad land topograchic feazurs like Sidé;ik rocks in.
other garts af himzlayas.The rivers zre psreniai and losz and

gain water. -

The course of Barnadl has tarrace all along'rcr distznce of 9%m.,

on either si<e.The tarrace lies 3t © to 12 melar sbove the rider

bed znd the elgvation of terrzce Is 180 to 220m.,o0n the average.
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»./1
,]e gs"a Flat zrea 0.%x9%m éna to 2L0m,

1.

i

-y

fhe southarn pert in Indiz has e flat land

In this zree,it {s found that the river lases water in Indis.

d with forest end tald
grasses.

Beitueen tﬁe Chamrang Nedi and th Falasenl Nzdi
Fiat args’ Uf 2860 388ﬁ.,elvva ion is seen.This
is 3x1km.,and gradl
u;LIndla°

2 comperatively
size of the areg
nnt Is 4:12.The Cnanrann nadi loses waler

Soﬁé ffaf'area of 340 ta 380 elevation 2re found at Khirkhria
near the Kampajull nadi.Néar by river loses water just zbove
the terrzce and gaing uager down below,indicating that ground
mater recharge and discharn& are uccurringf

Conc?usians*

From the abnve Suudy it is seen that ihe south eqstarn part of

Bhutan hzs corparatzvely better chaznce for ground uatar gzvelop-

ncnt than tha west However llnltad gregs in the west.alszc can

be dgvelopad under ths ground water.

. . :-' X ) ‘: : : . -L.
In this study same af the forest zrsz has been included,zs Shutsn
Ce AR BERCY i . > i -
has ‘limited =griculture lend,the area vundzr fores? where wealar
r%sag;ceg séems ta bs gdecuate mzy be converisd in the future

in tg égricﬁltUre-ﬁand.

-Surfété:uater‘and'ground wztay nesds to be augumentgd for the

. Yl R : R . . . . 3
tonjunctive ‘use,in crder to belance the slide problem 23 well

B%-tn'fhcrease the caommand area in the low. flow sezsnn of the

river when water 15 required utmeost fos egriculture and domestic

uses,ln nucninpBluse also Greund wzler can be pumped directly
without ‘ny trEatment which will Finally help in financizl

savinos.
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FIELD SKETCH MAP OF FHUNSOLING =
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Reglanal geologlcal pleture indicates thet the alluvium: d”pﬁsit
al the marlhern flank =f the Erahmapuura river will be order af
250 meters minimum 25 the rivers like the Reldak the Canﬂogh and
the Hanas have respectively LOm,30m,70m, 60, elevatinn fran H. S 1,
st the Junctions of the EBrehnputra.If = trnugh fault dive in thp
Sangetic plain is proved in that case uhe thic&npss nf eiiuviun .
will be severel 1000 me;ers.ﬂyd;og.aph G the Erahﬂputra rlupr?'
impress that the conlribution by the'grdund water is rrasonably
high and will spread.

FIELD GBSERVATIONS.
Phunsoling Arga:- '

Geomorphboleoglically the sres:is = nntﬁh Insige ihe hill and - hili go .
far souilh of Bhutan to India raxing a delta shape area in Shutnn.
Phuasoling srea kas three levels of o]d terreczr'cbﬂve the present'
river bted.From present rivér hed level of the Torsa,.ﬁn i}ss
terrsce iz 3 metzr high and secgnc terrace s’ ﬁbouy-1u-@eser high
whiare the office of Chukhz hydel daparts ment is'lccaiedEThc Lppar
most terrace where Army office 1s located iz a}so nearly 0@,
abova the second. | : '

The terrace cdnsists of houlder drava1 and sand in QﬂSurtEd fc%m
end work as a3 recharge zone.Hino factory nada n gl amzter dug
well vpto 41% denth &n the river hed and is. <upp1y‘ng the UctEr
to the factarv.There is nc dug well even in the Jzyceacn - area of
Indig.Norgem Cingme hell afez ansesrs to be icgéi site fu:_fl:st
test well in Phunsoling ' '

The sketch map of Phuasolling i{s glven in the £13..11.8.140n 7
lnvestigetion it is found ihat Uest Egngal-Gsut.,has:retentlj

drilled ane tube well soulh of Jayzpson and anothé:'is in

progress,
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fhe detells are ws follows: .
—— N e

Test tube well:-

Total cepth drilleqg

282 by grecussion method.,

Gize 5f the well 10" 163!
5ize - * " Eraqgn
Screin pzne 165
Water lavel 150

Strats log:-
0-6Q° Boulders
60~-1867 clay sand etc,

revd.  tude well is located nearly 1km.,south of the Fiprst well
Stratat- ' ' b ' '

03 . top soil ete
30-5C . heavy boulder
$G-102 casrse sand wuith clay

902-120 - elzy with cozrse sang .

_1ZQ;1LD . toetse. sand and'glay
1LD—156 cozrse sand wiih Gravel .
1SEe{GG Yellow stickv clav { marker horizan)
150?175_ cosrse and medium to Fine sand

115-450 yellow sticky cley
_ﬁéQ»ELO 6GarSg 5gnd _
| 2L0- ' Brilling in pruvress
o uafa; level 440 fesat.

Duraiion of corilling Z to 3 months for 2 tube well.

On théjbasis of'zhﬁuﬁ'daié,lt cen be sz2id thst the gravel deposit
In. Phunsoling extands to orezter depth 2nd zppesrs to be fzulted
Block uhich may pravide gond aquifers.The deplh of waler tzule
“hay be-:ll‘l'tle bii lover thamn India ie 150 feet.Uith in = dzpth
of 250 feet th ee groups of syuers (one phreetic,two contined
Rey be found._:
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thﬂﬁgpe.arEa:—

In Ghumaune area the terrain slowly raises and Finzlly an tng .
tap af the hill o forest area le found,The s0il t& red caly
epparently upa»hard phyllite.In the Ghumaune area ssveral

dug wells are found.They are located at the fallauing p'ECgﬂ

Forest department,
Lakshmzsn Chetri well.
Lower terrace.

At India near Bhutzn bLoarder.

The dug well of the FDrESu dapartn;n» is Jmcated An.a gully an:
ts nearly 3 feeat in dianete;.The water level was st 30! below.
the surface in July 1982, The well s 75 feet depo znd is said
to .dry up in the summer, |

Wezrly 30 feet below,in the szme line précticellm et the cully
Mr.lakshman-Chetri dug =z 10 feet.diameter‘mell and cepth was
70 feet end water table i nearly 5 fest belouw the surfsce and
this well does not dry.in the summer.

In the sazme line practically.100 meter (330 feet) below a dug
well is fpund nezr Indo-Shutazn boarder on fne‘eéét-pf the Toad
which is 21s0 3 feel in diameiler znd depth is unknowm and

remins as it is in summer i2 wsizt teble is nearly at inhe surf

Follow no the same slope coming to Incizn tarsltory,z cug wall
of 3 fest diameter end 32 fest ceep is found where the wuster .
level stands at 20 fent ang in sunrer it reaches. ta 23 fesu

le B feet fluctuation.Wnile digging they found grzvel and
boulders.It =zppears thet the same zquifer which is sloping wit
the terrace i3 found in thatl zres znd 1ika_mise:there rmay be

deep asquifer.
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 @;5i5:i11ed by Wzst EZeagel Govi,,znd the zvailanle celails of ihe

ggmthi area

nt
L

In famchy Brea thz- T

“four levels terraces

Bhutan bosrder zone
Harbe

Guust housa

Geoingciecal survey of Inci: comaauna

In. Zemchi for. the drifking wezler piped water supply ceorzs from

a sirgem in the narth and they do not have problzr of drinking
water.The terraces are covered with 10 fest tayer of bouldsrs

and helou'i° iies the basemeni rock of phyllite.Irrigetion is

:Deinﬂ tione by mezns of contour canzl in the lower turrace of

Sﬁu;an bﬁaraer zone, The agriculture farm of 15 hectzrs logcated

in. the. 10we* zane d92c not heve sufficient waley and a tuhe welld

.cvn-ue dr:llaf far then The well will encouatat boulder z2nd sand

norizens.Tua kms., south of Ehulan Bo:rder st Chermuchi & well

[y

V-we;;s'arg zs fTollows

Size af the mali" . 10rxen

'Drillihg_ depth 3507

 Mater level ' 2551 |
Depression = o 5t efter 5000&pm..
Sp.yleld : " . ~ 1000G per foD~

iThey.haGe ihE zlle

6 EYF moter end it i= said it took six

to drill thatl well,

D bl

L4}

a2
nanths tc the cont acs

Ppndent Eenent Fac;orJ ﬂrea.

: the
Pandant cement Factory(Bhuien Govi.,undert akino) is loczted 2% 1

foot part of the hil) in the east of Semchi.There most of the rivers

are Cry and water is tznpec from the hill.ln this zree ooe deed

well can be tested. (see fig. 15 116 )
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To Penli:~ .
Eatuezn Pendent cement faciory and Faoll village, most gf the:
rlvers zre dry and topogrephy of the sres is smooth.Rivers are
aggrading and guide bunds to protect Pegli are now found to be
buried In the river bed.Yater s suppllied frnn stresm in hills.
through pipe.There a tudbe well car be érilled but the problem
Iz plver agaradation which 1f not controlled will cover the
entire agriculture land with boulder within few years. Fnainouring
end geolegiesl solutions bave to be found to control the rivers,
At 8ir Pads (India) which is nearly 15km south the Cprlng line
ha€ been noted.

Galzohuno arez:-

Compared to other Toot hill part of Ehutan,Balephung haQEISmuath:
topacranhy and wide terrace.The terrszce tonsists of boylder and
Gravel.fo well tas neen drillec in tnis arez. A presant . for town
and socee of villazoes 2rnc -zlse for Sirhhen] waier is suppliéd from
the nills.For irrigaticn a 117t irrigztion from the fivér Logral
is deve]opad ta command 2000 zcres with wster euty 26 rusec: FThe
capacity of purps is 20xZ=40 cusze which in the low flou sszson

is uhsble to meet the demand.

Near Gzlaphung {n Indliaz territaory pgople.tried tn'dig-a.wall and
theay went upto 5 depth of 50% znd rfn~11y fhay fhiad ahandonéd‘dua
to Tin;nc;el prudlzi znd bou‘ﬁcr Pa -iy'ﬁdkn south af Ehulan _
beercer & dug w2ll is Found =zt the check post of Deosiri in India.
The w2ll is 3 fzel in ciameter end wzter tedle wss 20 fest from
surface (August 1982).Fraom tha abdve'cbsarﬁ tion 1t is putsxble
to drill sever 1 vells in Galephung &rea e2nd water tab¥n'nay be
Order af 180 reet (estinat 2g}.

Sarbhano and Chirargareas-

Five kilo,meler east of Szrbang fezr Akhaw a sp}iné wall canstruc-
ted by Dantsk while constructing the roasd wes located.It is said
that the well never dv:oez up.
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[a%]
[ 4

A

tarrece in the eszstern part of Sarbhang,is met

=

garmhanﬁ valley consist of pebtle and boulders

of siates and
phy‘]:te The requt

rement of L._nxiﬂg Weiter Tor the populztloen

by the pipes 0n the

due ngrih near the by idge. Serbhang hes
encugh uater from Sapbharg river

watzr:The tacok dip to®

25 well as from (ts tributary

ta maet-tha agricultyre neeg.The .1, pronler {s of slides and
sggrucdation of the river, '

Eetuvzn “aru\ang and Damga (uh1"ang valley) 1lies @ hill yhich

consists of lead grey phylllte zt the base sn¢ then a thick

well bedded and possibly reneated whxte guartzite which has
praduced several interasiing high hezd wzter falls by the

:side of read onh the way to Chirang.0n the top lies micaczous

schist znd gnelss uhich ars found te weathar inta rad clay.

AL Dcﬁphu weter is supplied by plpad water supply. Fnr the

future requirement a tube well can be drilled in tHe fractu-

Ted zone,

§3rd*ua Jon-a“’-

he zrea rises'shergly and very limited arez lies in Zhutan.¥For
the drinking th pjpgd.uéte: is supplieg in =zome of the paris
whziz = 2 la g well 90 feet digmeter is consiructed in the
river bhe 2d- r,cﬂ where the vater is lifted for the toun, There

are tsarraces in the arese.The. deg wells ere found zt the follouing

placzs:

v
Pt
a3
™
fad
n
v
et
m
Lot
e
m
e
Yt
-t
(941
oy
g ]
b

Héspital

In the aree two dug wells zrs found one 2t tne check post of

"Ehuizn.end other in Indie neazr Bhutat btozrcer.Yhe water table
45 near to the surflace and the well leg nearly 2 meter ogep znd
“never dries up.Jt is located in the spring line ag most of the

" rocks et lhe besz 2re in send stone enc the shale dipping notth.
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In Indian vogrder they have tapped the wel) at dra inege poins

anc the wvater table is near to the surfacec.
At Hunfen mili;the gravel {s found zbutting the Siwalik

“rock,A
seell well of 30 feet deep was dug

vhere the water Jevel was
found at 5 fe=zt below the ground znd it is sald that {t dHoes
net Sry up In tha sumfer months.

The hospital building is locetes on the Siualik elzy formation and
g well wazs dug. which started intercesting the sewage af sepiic

tank gnf later -on. it was abandaned.

In -gsouth of Sandrup 1onkar in Indxa lumgrous dug wells are observed,
As 51ua1ix dips nor’h below the upper terrace sediment,well in

$iualik sand stone may bezp ground water,(see 7lg: 17 )

Over gll Analveis:sn

A criticsl enalysis of the avallable dc.c f surfzca water ic ;ha
hydrcgrcph of the Lodrzi r;ver aad water lzval fluc~u=\1aﬁ dztz of
211 the major rivers, 1ead to conclude thazt about 12 to Z3 of the
tatel river flow is COH\IibU\Ed by the groung waler sysiac.ine
to~al Flcu is 58383 ﬂlll*gn ,the orcund weler share will be 11747
@illioﬂ mj.If converted in to datly discharge (% will G order of
372 cumec, ' ' '

Tn'prac:i:e about “0% of ‘the =zhave csn be teppe from & serie§ of
ctube walls. Houav&r,thls uill lead to the depletion of bese flow of
the rivirs,but &% the samz tlez thare will be reduciien In high

~flow by recharn\ng of the resarvicr.

In the nountaxnous pert, beSldES th vsing of the siresms{. ground
3wacer n1=0 can be . tapp d’ tc auouﬁent the surface water in oréer
'to meet tha domestic and zgriculture neecds.fs ground water N2s
unifarm qusliity and tempﬂrature round the year,ihis will hEIP_“?t
only inluétef'supply but alsa in incusiry where uniform lemperarture

and guelity can be en'assgt.
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Hove over Bhutan has Nume rogus hot springs stattered in the nur*ne f

estigated fully for thelr cunmevical us
2s well es for tourist industry.The gepthe

tone.They need to be inv es

Tmel gnergy can bz Used

in sther energy replECPﬂent sectars,
which could be exploited to Bhut an's benerit '

in rocm heating =zs well az

The equifers in hii]‘region consists of fraclured dﬁlomite

suzrtizite
ang ather faylt

teq z0nes uhxch provide enaugh. sec»nuary poOrLs
ground water percola»ion and retZntion.In salected ar
can be tapped to meet

ity far
za such Idnes
the .local damzad of ground uater For;unatalv
Bhutan b=s built roads 211 over the regions

electricity in most of the districte §t will not be difficult to

ke the drilling rig and instzl) pusps in those p

and "have deve‘oped

xBCES

In mountzin velleys like Thimpu,Wangdiphodran

irrigation and tepping of mounizin sirszs
ol

and Paro,the 1i{ft

[In}

2
tn

&ay fmeelt thes presaat demand
uatar,houéuer for tha future it uil- bz

advisable to hzve
inventoriee of 3z

11 the ‘siregems z2nd ground water po-entxals af:
differvent regions,

Explditau*ons of the ground water in ncuntalns of Bhutan may heve
the fol]ou‘ng tanefits:

Temparature hadera fen in cDLdex placea.
Fustries wyhere chemically trested water is not adv‘rahie

kg beer znd other frocessing units

shen supply liﬁ“ is too ls snD and expensive,

% presant the Ruyal Government of Shuizn is interested to knouw the
Lround ua»er Tescurces of southern foot hill rnalon,pcrtxcular*y.
fils 2lso supparts thez view of consuliznt who feels that it is

fzsler to start fram the south znd gradually ccver the mountalnous ..

ftra in leter phases when Ehutanese nationals are competent ta carry
Wt the develogmental wark by ;hgmselucs.
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The sou~hern Bhutan has anplc rain fell ang 9eology of foos nil)

and terrace . 1ndicetes that at ]eas» 25 ta S50% ar
percaletes doum ps 8. racharga to aguifer whic
spring i{n far aouth in the Indian territary.

the rain fald

h ehmes out as g

The f!uc;pa@ion'ﬂf watay tabla 2t Ghumzane ang Samarup Jonkar
indica‘e'sucep+ibility nr aqumfer sysiem %o raact ulth the

condition.tells drilled in the adfoining p

that theterrace na»erigl gaes belaw

aris of Indta indicate
ithe surface Tor ssveral

hundared . feet, sugges.lng a faulted Zone gn the ncrthern fl
of Brahnputra vglley uhich may

where »hathxckness af Plluviun
5000 fEﬁt at saueral places Ir

cﬂd

bz similer ta Indo gangetic plain
ceposits anaun& te nat less than
this is also proved by:serias of

_ drill hules, 8 new CDﬂCEp» uill come fap dEVEIDpnent of ground

water of Bhutan. n]nnu'wlth ceclecical test hales,gzophysical and
frump te=ting of wells will derinitely add neu dazta and ideas far
-aluz-t.ha'== developrant Fxnally zodit icn of dats mxll help in beater
'planning of the. rasources ?ha pe"ne=ble nature of boulder ang
:grav°1 at the raqt hill- reglmn suggosks that this area zdjazent

to the foot hil] ic =& rachdrge zane far phrzauic 25 well

]}
123

svnicanfinﬂd aquifer ‘system of the nerthern plaln of tha rehmgutra
river This assumptiun iq'furthev reinrorced by pther evidance.

PFirssly tﬁis is 'ah arez of high rain rall secondly .evailebla
wetar lzvel in tﬁa dug ualls and result;ng ?Ettafn suggest flou
from thiﬂ xuau‘ﬂﬂ out uard. Thlrdly the fluctustion of wzter lavel

:.in tha dug well 1ndicqtes 5t lzast more eff1c1ant recharcﬂ there
than further: down in Inds,a The Foot hill. boulder and gravel grade

.iﬂuc nther finer sed‘nant further south.

'Tnese 311 fectures indxca»e thag transs iSSlUIuy may ‘ue order of 1
: ule
1000 OU tg LUOD 00 gp d/per Foot in this region uhlc” is rompare
.*o Bhahhar zune af Nepal

S c T A o . take
WThLS;a:ga can_pnly-be drilled by percussion machine and it may t2

) Lo L he
2 %03 months to complete a well.As there is enaugh recharge t

water quallty wi)l &e good.
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