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pereolates 2s ground water (see rlver hydrographs),

;ign'f?bu differenpe‘ig not much ip 10 tg 16 times o
other himalayan river, 7
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st 37%

_ The lre g
nllke the

where 1t'i5 in the arder of 100 to %0 times.

Rlver cauging was done for a limited Perlod and 2lso in the
rivers uhich does not DrDVidE_goodjnicture. However Bhuisn pusses
the river gauge data of som

feuw

e of the mz2isr rivers (table..8
1556 on ward which if converied intp discharge will b

ceeceaan)
g B

najor asset iﬁ-wEter.:escurces planhing for'hydrnpuwer,irr
end other deﬁelnpment;Even if the cross sectlon. and dgiscr
not

igation
srje are
available,it will possible to vtilise the above data

by making
one or tuc years ghssrvatians =t

the same sites from where the dzia

wera collected and Curfelating the staff gauge helght with :ine

discharge . However g rough estimate of discharge can be made from

the dita of rivers of athar regicns,

Though discharge of e rivar at any paint is rzlzted io cross szctional

arez and dversqQe velocity but it ¢an be corrslatesd withstaff guage

“to reduca'thetfraquency af obszrveilon angd computation of cross
section ang velabity.uhereas in the =bsence of zny data of velociiy
BNd - cross sactinh the guezgs height date becomes less, veaful an- in
such cese whatever is estimeted mey have? S50%.However it is pussibie
to correlate with similar environmental himzlayan rivers data which
is given balow. '

 The relatiqnship is aversgedas shown below in the table and may he
tested in cose of Bhutaznese river of which ouzoe height is given in
tttached taple ne.8.8.E4g 5
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Rlvers ''Bax v ' Min v ! G.H.max' G,H. ﬁin‘ RPischarge m3/sec '

m/s ' m/s t m ! m " max ' omin 0 :

s.harmell ' 3,41 ) 0.52 ' 4,09 ' p.85 ' 1648 ! 9L.B82 .
b.Bagmati ! ! ! ! o ! !
at Chobar' 2.%0 ' O.41 *4D.12 ' 4.63 'OSDL P po.257!
c.Sanushi ' t 1 ! ) ' 1
st Khurkot! 3,57 ' D.4LE ' 6,85 ! {.12 St 2786t 8L,.23 ¢
d.Tamur 1 4,16 ' O.L6 ' 5.06 ' 2.17 ' 46.42' 54.06 ¢
26,14 ''6.03  * 8780 ' 233.9 1

260m7/s.

i

1. Maximum discharge per meter gauge height

2. Minimum n bl % n "

38m3/s.

Water end Power Potentisl:-

It eppears that Bhutan’s net contribution of water to. the Brahmputrs
tystem will be G.B(run off ceefeclient) x1.15(annual precipit ation)
to the river system which mesna znnual discharge of Bhutan river
will be L?DDUx1DEx1 15x0.8=63240 million cubic meter which is
compatible ta total run of f as given by Dr.K.L.Rao(.3759. 5. ....
to Senkosh 17270 million and ¥enas 32000 to the point of Brahﬁputra.
in his datz a large part of Indiz is 2)sg included. {Sez fig 6,7,28)
(*Dr.K.L.Reg=India's Water Wealth P 257 Drien Longmen Ltd.)
ARccording to Bhim Subba Executive engineer elacuxxci»y Departhant
the low flow of Manas is 200 cu mec,Senkosh is 50 to 75 cumec and
Chukhs Is 28 cu®2e.As low flow and high flow ls 16 times difference
tha average will be epproximetly 5 times of low flow.That xezans 1000
cumec for the river Manas and 375 for Sankosh and 140 Raidezk.The
total may be 4545 cumec.lf other rivers are also teken into accuunt
and the tota} everage discharge of 1717x.8=21373 tumec may Dde
Possible,This is really comparable with hapal which has 5000 cumec
uith nearly 3 times area that of Bhutan. Bhutan has more rainfall
in the raot hill region wheress,Mepal has higher rainfall =ll over
midland. The above discharge theoritically can be converted in to
®lectric energy 1373x3333x9,51=224LEmy

2
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ﬁ the besls of elevation anc porheble discharge the flgures sppi o,

15 be Bs followsie

Zone ! g * A ' B ' Energy. '
1 3 ) ' 1 . 5. St

4, L0Omm 144/sc 3355 9.8 4.7x10 ) ke
£, S00mm ' 228 ' 2765 * f i 7.75xﬂ0 “. !
3. 4500mm ' 332 i 4578 ¢ om e 5.00x10% =
1. 2500mm t 297 t 945 1w U 2.07x40%
5,3750mm ' 225 voo30s v roe 0 0.07x10% 1

20.9x10%=21000mu.

fhe above theoritical energy can be broken down ss below:-
i, Basin energy inciusiue of surface Flow = ZjDUGmu.

3. Energy of concentreted river courses = 14000mu.
t. Techaically feasible 43% of & = 6020my.
{. Continnus energy 14% of a = . 2000mu.

from the sbove analysis it can be =zaid that commerncially féasiblé
meréy.of Bhutan ligS'near about LDODmu,which'cnmes 20% nf'tppéli
thenritical potential (21,000mw). As Bhutan will not be able ta |
tonsume this large bleck of hydropower &n foreseeable future, it

is possible tp export to neighbouring countries for economic benefit.

fhe nature of rivers are streight and valleys are deep snd narrouw

shich is suitable for runoff type of river schemes.As gradient is

tharp ie 3000 meters in 200km ie 25 mater drop per km thg.area'15

ot suitable for reszrvior schemes.Due tg sharp qradient the river
‘23 volocity 0.6m sec to 3 meter/sec at different times in e year

{see fig..11...) '

isarvior area is 1imited'dn1y'at the out let part in the foot hill
izgion where rivers zre flst and have widz valleys.This is frue in
tase of the lManas znd the Sankosh.
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ztvers Svstems of Bhutgn:.
AL

givers systeﬁs of Bhutan are impartant not op

11y for water respurces

and civilization,The
,Ha,Bhumthang,Tashigeng

iha main river system of Bhutan are folloutng(from erst tp west

4, Nyera fmari ¥
Z. Dhensiri river
3. Manas br Bong R4
h. Mao or Ale river
‘£, Sgnknsh 6r Tshangchu
E. Raldak or Wangchu
-7~ Amochu or Torsa river
n. 38t1 river
INVENTORY OF RIVERS 8ASE0 UPON 1:250,000 scale Hag
“From Eeat to West:-
Frimarv - Secondzsrv _snd teritary
1. Nyera Amari river 90km. a. Dish Lel Nadi 20%m _
b. Richhong Ri 30km (i or Chuy meens
(Chenle Ri) tiver)
C. nNo name . 12%m
Total length 90km 62km.,
ﬂ;.Dhanslri.riuer 55knm a. Jumri{Chumchu)} 22kn
3. Wanas o Gongri 4110kn h. Kirl ar Uri 2 "
' ' ¢. Gemrichu 53 "

d. Kuleng ur Teshiga

—yang chechu 60km
i, Udhmung chu 28
1i. Wurichue _ 50"
g. 8iggaer chu(fahlungchul 38km
e. Tongsa{Magden chu)} 150"
i. B8humthang rlver
{Murchhangu chu) 80km
ii. Burgong chu Jokm
111, Ranji gang chu 20km
iv. Langte (Nechu) L 5km
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subdivisions of 3£1 Bhumthano:-

t. Teng chu - LZkm

Subdivisiané of 3E18

~— 134 ~

2. Mela chu 20km
p. Chamkhar 32km b. Chakoe chﬁ 20km-
(Chamokha chu) _ :
' Total 7ukm Totel  40knm
flotsl 110, 360, 282, 429.
L. 'Mao (Rie river22im) #. nho name  12km
' b. Gokechu  20km
~(Gong khola)
c. Tirkhala 16km
Total 22km Tatsl  50km
<, ﬂetweeanab 2 Manas a. ho hame 20km ,
_.L Sankosh(Tshangchu)105km.8. Dagnachu 50km-
i.no name - 15km,
b. Changchu 20kny .
Khola _ _
€. Burichuy 33km. i.larechu 20%m.
d. Hochu LOkm 1.n8 name 10km..
e. Shezongthu L5km _ '
f. Phochu 57km. 1.no neme 22%n
- (N~E of Phodijika)
1i.no name (4 6F
Lunana) 35km
"11i.no nazme(E of _
: _ Lunanz) “15Kn
g. Punakha(Huchu)ESkﬁ, . : _ _ :
.i.ne name(f of Rora) 12xm
it.nd nezme(W af Gasa) 22km
iti.no nsme(S of Gase) 17km
P= 105km £=350 Tm 173 -



vz

., Raldak river 7 q25km.

_ 8. Pipingchu 32km, g,
{Wangchu)

+ B0 name  22km {Shari)
i, no name 17%m{S of

Drugeldzor

b. Ha Chu 55km,
€. Parochy 70km. 1. nog rame 17km,
d. Thimpu Chu  37ka
o, B+ NO nNane 22km (south of Thimpu)
125km. 166km ILkm,”
;. Pmochu(Torsa river) &5km. 8. MNO. name 35km (near Dungna)
b. no name 25km { v )
85km E0km
1t river . 18kn.

k0.n0 name(near Kopche)  15km.

Frand total 1Eﬁgth:—

Primery Secondarv
&54km, 898km.

hé‘gbuve=f1gure indicates thet the 72.80 sq.,km., 18 cavered hy per
2., length of primary river &f secandery is included it comes to

1,60 Bq.,km.,.This indlcetes "that the topography i3 hard end density
’fﬂfimary-rivér is D.0138 which is less as compared to rivers of
Ypel, a5 shown in the following table:-

fvy fed river _ Non snow fed river
t Sunkosn, 0:5185 1. Kaznkat 0.065
e Aren - 0;0150 ?, Hanmalsa 0.054
¥ Tamur 0.0335 3, Dagmati . 0.045
} Kaligzndaki .0.0260 t., Eabai 'B.053
+ Karnali 0.016227 5. Jimruk 0.075
| ' 6. Uest Rapti 0.0335

at ﬂf.fhe abovy rivérs the.most impaoriznt are the Menz§the Sunkosh
.he’Raidék and the Amochu ur.Torsa.Dn!y the Torsa river rises in the
{leet uﬁéreas:rést originate in the southern part of Hlmalayas of
Eh"'tan'.Ex'cept‘tha Manzs and the Sankosh-all the rivers flow touwards

. . . & h‘
io”th.easﬁ'nf Bhutanesa territory uhereess,the Manas and the Sunkos
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' ' : .
flows LQUBTSs the south west, The gatchment Brenc of rivers 3re cove s
-t . L=

d rock with the result,the sediment

gnd_Erosion are limited The hydragreph af the Brahmputra in

the ratlieo af_lnu to high flow in neerly 10 times at Fandu'(upper
reaches) and 12 times at Bahadurbag (lower reaches).like wise rivers

of Bhutan will behave in gimilar Fashlon as thet af the Brahmputra.

pith ihé'fnrest and har . :
: wransypard

dirates

This characteristics is seen in the rivers of €hutan which have low

and high flow ratie 16 to 30 times and this helps much in the water

resourcas development without reservior asyatem,

Thgsé rivers also recharge the ground water equifers in the foot hill
regian and are 2lso fed by ground water system in the hills.It is
Yserved thet from the nature of river hydrograph contribution te the
;nm'flqu by gfuund wvater is rare significant aza compared ta snow melt,
However,the rain fzll being spread 211 over the year has slso helped
éuch.in reducing the rigorasity of the rivers,ie flood in ralny sesson
2nd low flow in the summer.If immadiate rain fail pert is deducted the
ground water contridbution bacoemes smaller to the river.

These rivers have develnsed terreces in the foot hill regions wherges,

in the mountéins except In upper reeches the river terraces are very
few.There dppears two old river terrace et Paro znd st Thimpu and the
tiver terraces are sloping towards the river.The discharge and other
charactaristic of some of the rivers are given in tsble 8t the end {Annexs
wid represented in Hydropraph Flg 9 to 11.

At ?résént Ehutzh is importing eleciricity for the southern belt from
idjoining part of Indla.However Bhutan has also developed many mini
~ and micyo hydra plants.

1. Foweri- - :
2. Hini Hydro plant:-

Glta rom 1.25 Pu.
Thimpu 0.36 *
Paro g.to =
Wangdiphadrang 0.30 7
Tashigang 30‘75 )
FMongar ~w-%fg§_%””_
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gn

the top of the above generatlon,nesrly 4315.5x10° kwh 15 purdhesec

pnrually from India.

be

2.

1.
12.
13,
14,

5.

18,
i7.
18,

Haicr plant:-

R blg hydroelectric at Chukke is on its way to cunpletion In th first.
phase the capacity is Lx8Lme=l36me opereting under 3 head of hBém.n

40 meter high gravity type diversion dam and head rade'tunnel'nf E;Skg
long and bL.9m diaméter,surge shaft 12m ¢la and two presure shafts of
esch 3m dismeter will generate power in under ground powrr sta%ion.The
estimeted cost is-sbout USS 187 to 250 millisn.

Irricgetion:-

In irrigation sector much had been done particularly in the hill and
1ift irrigation system. .

The following is = 1ist of irrigestion coverage in ﬁifférent districts.
The cest of 14ift irrigation is tecoming expenszve a2s cost of electri-
clty 1s about 80 pazise per unit, '

Disirict ' Toi2) command zres
Thimpu 5065 aéraﬁ-hill arsa
Para ' L1k

Has 4100

Punzkha : LS4
Yangdi Phodrang 2247

Gasa nil

Tongss : - 122

Bhumihang . nil

Shemgang LoL

Dega 353

Tashigang 5450

Peme Gyel shs} 1%

Mongar . 500

Luntshi 1245.5 .
Phurisoling 745 southern zone
Galephung” 7220 1ift irrigation
Chirang 203 ' :
Szndrup Jonkar : 15L0 -

3137b.5 acres.



in

¢en3l Ls st present 6 tg 7 k
schemes.Cna 1ift irrigation

125{

the ebove hil) irrigstion #chemes,generslly the idle length of

@ and may be 10 to 12 kxm in future
is seen in Galephung arsa.

fhe details are as folloys:-

1.
.
1.

In

3.

No of intakes -3 (Twn are bperating)
No ©f pumps . 2 (one will be zdded)
Capacity 20 cuser
Lift_ 17 meter

'Lahgth of main canal 6.85km.
'Lgngth of distributaries 21km.

Capacity .20 cusec up to 2.5 and 25 cusec beyond-
Command srea 2000 acres '

Requirement of water 20 cusac

the second stage the 1ift will be about 121 meter,

Orinkine dater:~

for canturies pedple lived either near the river or welked several
kilometers to fetch the water.MNouw nany 2ress are undef piped supply
fapnihg_surfaca water.Piped drinking water is supplied in mest of

the district head guarters.of Bhmutan.Samdrup Jonker has = well and

1ift erreangement to .supply weter,Sxcept limited arez there sppears

- to be no problem of drinklng uwater.

Ey.1960, 150 units of rursl and 28 in the urdan watar supply

schemé; were completed snd now nezrly L8 schames sre in progress

in the rural parts of Ehutan.

— 4l =



GACGUND "IATER

The hard and impervious rbcks of the hills'are'hoi suiténlu For
percaaatinn and storape of ground watar except in the wezk anc
faulted zones whieh help a5 a secondary poros;ty to prssez\e the
ground water.Moat of the springs fran where the water is row
supplieg either for ir:zgaﬁlnn or orinking mater,are‘]ocatéd_in
the fractﬁ:es zones. A systamatic survey of SU:h'heak 20n2s witﬁ
springs u*ll help Bhut an not only in ‘the s=lect10n znd Sointif xcatiun
of cheap drinking watar projects but alsn for crzlling inm narg
rock to tap the most of the spring ua»er,!n_ualleys like Thimpu
and Psro nearly 41Bm gravel deposits are found in the mid ﬁart B
velley.At present the surface water and sprindé_ are found tao be
sufficient in nills not to warrsnt the g:dUnd wster devalopment;

In pluln area the drlnking water is a prnblem at Pagli acudrup Jnnkur
gnd Phunsoling where watar is =upplled far twa times a cay.lt

becomes zcute duiing the sunngr uhgn most Df=uh§ rivers ¢ry up.

In irrigstion gector,during Febura:y'and-ﬂarch.fhe small supply

from conﬁnur canals elso,dries up and this creatas prﬁclém for
an.,crop geven thouoh saomgtimes there are séaitared éhuuars'or
raln.fFor third crop there is zluaye a problem..

To nave assurrac round the year irrigatien-as well as lo sﬁpp]y
grinking and indudtrial mata.,:hutan Govt.,has shown interast
in the search and the d2uelapﬁent of the ground watler.

The ground witer is & part of hydrclogic cycle and influencad by
the rock system.lt is necessary to anzlyse éach of perameters '

like rein f2ll,surface water,rock and terrain.

The folloulng are the conclusions derived from the'study'bf'uaribps'
physical paremeters, discussed in earlier chapters, o
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§nulﬁﬂ'“3§ vple i el and Lhe rein Fall 44 Shreud practicesiy
round the year henge additional wat

rwhich veries fron place to
imated 4§ meter in toizl.The total rale
800 to Sl tma, which 4r
time uiil give a better bicture.To be on sg
raln fa21l Ls as

ce dut can b :
place du be es £311
refined in couvse of
fer s{dé the avzilable

may be arcund 3000mm

fioure varies Trom 14

sumed to he ebave 115%2mm sng
per anoum in specific places.

Rocksif-the 0ills are unfavouiable fop ground waler storage except

eys where a2t present there is sufficient water w
“required can bte lifted up.

fn vall hich {f

As Bhutan is coversd neerly 70% of land surfzce by varlsus types

nf fdfest,she_islfortqnate to have very few land slide: 2s compared

zre hecoming wild and rivers

w0 other part of RHimalayas,but rivers
\rzining in Pera snd other pleces are no

w essential.As hard rocks

tovers most of the zrea in hills ithe zgriculture is cone only in

the valleys.Tn arezs where soft rock E5s been rouﬁd,people have
tultivated and irrigzted by contour cznsl and in few years time
they have losi their gntire field due te =lides.{(Thls fezturs

is szzn near the bricdge at Sarbhzng).

Tovocraohic snalvsis:-—

Shutan tigs limited plain and more slopy 2rez at the fogt hill,
suitzhle for irrigetion end ggriculture cezvelopmant,consequently
the requirafient of ihe opround water will be small,

Fraom tdpozrephic meps the fellowing zreas sre found to be ressan-
gdly sloping for =criculiure developmant 2nd from generzl anelysis

suitsdnle for ground weter investigsztion and development.

_ . : L . 1
Kemeg_of the zrea' Size of the srez’ £levetion' Nzme of near by river

1. Rainitsl T 1.5x3kn ' (gracient) Chung Patan Perenizl
v : t vLB0-500, 908! _
2. Chengmeri ' 4x2.5km ' 520-40(5:11)" Disnz perentel’
3, Sémchi ' Lxb b v 300-LA0 1 Chamarch} river
' ' vo(1:3) ' {pereniall
h; Gékti'(nﬁar'cemént' 1x0.5 Poozes-520 ' guxtan:ii
-':Féctorv) - b . P G 3 (Sejs:zsi:Seasonq
S Pagii ‘ too2.058 . '2.0-000¢1:33)" . Peol
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:n the nerth-of the ares a highly dense znd steep topeorapny is
p¢erved whereas, the southern area which falls in Ingie nes more .
moother contours.lesr by peaks in the north have elevation 512m,
i)6m, 1120m, 879m, O68m, respectively. (Bpe Fig. 123.

cpogrephy analysis indicates that ,ttz.r prcspecte exists in Paglt
zxtl ang-famchi area anc vnfzuburazdle in Crhzagmari anc Nalnizal,

2§
pranmrmrt .
. Phunsoling © "1x0.7'200-2640(1:25) 'Dute Kholad ansa perenxal
. Ball Khols '2x1.5'420-440(1: 50)'Ha1i Khola
) TLLO-700(1:4 )'perenisl

ATy steeprtnpography and flat area are found in the north and -
outh respectively.The terrace is & to 1Ekm high ffun'the rivar
pid 2t Phonsnling whereas, 2t Kzli khola terrace JEVEI is L3m

ievation on the averasge.

e nearest peak at Kali khola is 1041%m.3n Phunsoling ares ground

ptier potential exists in lower part 8t Inca-Ehutan border.
= p

[:)

o Szmatung ' 3x0,7 ' 300-320 (4:25) ' Tungkhola !
! ' 326-380 (1:10) ' Perenisl t

. Fawal Tar ' 1.5x1.5 7 Z0C-40G (1:15) ! Shistikhols pernial’

(/13

 Area betueen Dysa nadi ' 14x2 ' 200-360 (1:20) ' Gobar kund grea
to Geszr kund nadi ! ' 280-380 (1:25) ' Oysznadi ares=

In this ares the symplom of recharge is seen a2s the river goes

Under ground Fron a reasanzhle distance, In Gobar kund aree the

river hed,at the Oysaznaci area.Though this arez is under the
forest,{t may be clezred in future if mare ggriculture landg is

feeded,as it has betier poienilal for Grounc watsr,
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, The Menes river is 200 to 300m,,wlide st the out let part in Bhutan,

There {s e terrace 1.5x1km.,which has elevation Trom 160 o 200m,
This zres may be good for 1ift irrigation

Map 78/1
Charphull to Sutd .Nsdi 7x2km.,100-200 (1:2)

Soutn east of the area in the Indian territory three spring line
lakes were obsarved.They are Kohal ti.ri bil ,Chenmari bil and
Dhel dhela bil.The Rzbang nadi gains water and Cha&phull_nadi
loses water Indicating oround water recharge.The river bed is 42
meter belpw the lang Surface.ﬁorth.uf.Chafphuli area -the terraln
is stzep and the elevation fgnge$:ffoﬁ 887 to 1082m.In the south
flat land and dense fé:est area (with broad lesved tree znd 3
meter high elephant grass) are found, |

86/

Dnly the westarn part has same flat area of 300 ta LOGm.,elevation,
where the river gazins and loses uatEr 1ndlca»1ng_g:cund water -
system worklng in that area.The northern part has feletiuely

flat conrours and elevation iz 1066 meter.

7EN/S : .

Serdgrup lJenkazr has flat terrace an& the elevation uérias 180 to
200m.Tha avaikaﬁle area is 0.5x1.5m.Davalopment ‘site for the
ground wzler sppears in the central pert of the grez.In the north
hills nave bad lznd topogreghic feature 1ike Siwelik rocks in
other parts of himslayas.The rivars ara'pafenial and lose and
gain water. '

The course of Barnadi has tarrace =11 along for distance of Skm.,

on eithar siza.The terrace 1ies st & to 12 meler =bove the river

be¢ snd the elevailon of terrzce is 120 to_ZZDd,,on the average.
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seld pere flat ares O.5x1km 200 to 2LQm,
{. In this aree,it is foungd that the river loses water in Indis,

The southern part in India has & flzt 1ang with forest
grasses. 

end tasll
7. Getueen'the Chamrang WNad! and th Kalep

ani Kadi a2 compzratively
flat area of 280—38Un.,eluva‘inn

is seen.This size of the zres
is 3xikm.,and gradient is 1: 12.The Chamrang nadi loses waler
in. India,

3. Some flat area of BLD to 36D elevatian azre found at Hhirkhria
.near the Hampajull nadi.Neap by river Joses water just zbove
the terrece and g9ains water down balow, indicating that ground

mater recharge and c¢ischarge are occurring,

t. Conclusions:~

t. From the zbove study it {s seen thal ine south ezstarn pert of
8hutan hes comﬁaratively better chanca for groung water davelope-
ment than the west.Howesver limited zreas in the west.zlso can

be develuped wnder the ground water.

2. In this study same. af the forest srez has been included,ss Ehutsn
~has ‘limited agriculiure lend,the are2 uncer forest! uhere watar
resourccs seems to bz zdequate may be canverisd in the future

in tg agriculture land.

3. Surface water znd ground weter needs ta be augumented for the
cunjuhctive vuse,in urder to be aﬁce the slide problem as well
35 to increase the commsnd aree in the low flow seasnn of tha
river uﬁen water is required utmosi for egriculture =nd domestic
uses.in mucnidipalﬁse also cround weler can be pumped directly
without any treétment which will finzlly help in rinancial

savings.
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Regionsl genlngical plocture 1ndicahes thet the alluvium dﬂpos1t

at ihe northern Tlank =f the HBrahmapuire river mill be order af
250 meters minimum gs the rivers like the Raﬁdak.the.,qnaqsh znd
“the Msnas have respectively LOm,30m,70m,60m, elevation Trom M.S.L.
et the junctions of the Brahnputra.If e Lrough Féu]t'liké-in'{ﬁe
Gangetic plein is proved in thet cose the thfLKﬂFsE.nf_é])UVium
will be several 1000 meters.Hdydrooraph 65 the Branmnouira fqur
impress that the conlribution by the ground uater is rrasunably
high and will spread.

FIELD_DBSERUATIDNS'
Phunsoling Area:- '

Geomorphologically the sres is 2 neich inside the hill and hill qo
?ar éoutn af Bhutan to Incla msking 2 ﬁélta shzpe aréa in Bhutan. .
Phunsoling area kas three levels of old terraces zbove the present
river ted.fFrom present river hed level of the Torsa,zthe first
terrace ie 3 metar high and czcgond terrzce is zboui 10 meter high
where the office of Chukha hydel dapariment isg loczted.The vpper
most terrace where Army office is located is alse nearly 10m.,
above the szcond. o

The tarrace consists of boulder gravel and sand in uhénrted form .
end work 2s a recharge zone.Hing faciory madz 1m diametef-dbg
wall upte 41% depth in the river bec and is sbpplying th? wzter
to the fzctorv.There is nc dug well :

)

even in the Jaygcscn scez of
m Cingmeg kell zrez appesrs to bz iceal site for First

India.nN 2
in Phunsoling.

oTS
test well
Tha sketch mep. of Phunsaling is given in the fig.. 13, §. 1§Gn'
fnvestigation it is found that Hest Zengel Caut.,has recently
drilled one tube well south or Jayagson and anoiher. is 1n_
progress.
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The deteils zre &s follows:.
ine RUCR RN
o dest tuss tyell:=

Totel tepth drilieq 282" by bErecussicon ma thad
< .

Size of the well 10183
"Stze » om0 W Ertige
Sereze pone 1651
Water javel 50!

Strata lag:-
0-60' . fBoulders
60-~-18D clay sand ete,

wPerds  tube wall is locateq Nezrly 4km, s

1 50Uth of the first well
Streta:- : ‘

0-3 top soil ete

30~ hezvy boulger

SG-102 CGars5e sand with clay

i02-420 €lay with cosrse Sang

120440 Cazrse sand ang clay

10-156  coarse send with grave)
156-13G Yellow stickv clav f mazrker horizon)
180-173 CO2rse and medium to fine sznd
175-130 yellow sticky clay

180-2L0 coerse sand

) 2L~ ¢rilling in progress

watar level 440 feati,

Burztion of Grliling 2 to 3 manths for z tubeg well.

On the basis of ebaove dafa,it czn be sezid thet ihe gravel deposit
in Fhuﬁsoling extands to orester cepth and zppears ta be rauited
block uhigh'may praovide good aowifers. The Geptﬁ of water taule
May be little bit lower than India ie 45C feet.Uith in.z depth
Uf.256 féet ih ee oroups of sguers (cne phreatic,twe contined
&y be found,
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Ghunaune areEI-

In Ghumzune area the terrain slowly reises and finally an the
top of the hill,e forest ares is found.The so0il 15 red eoly
gpparently weatherd,phyllite.In the GWUﬂBUhE:aTéB se2veral -
dug wells are found.They are located at the fclloulng plzces

fFores: department.

Lakshmsn Chetri well.

Lower tarrace.

At Indiz near SBhuten boarvrder.

The dug well of the Forest department is located in.a gully and
is:nearlv 3 feet in diameter.The water level was at 30! below
the surface in_July 1982, The well is 75 fest deep and ls sald
to dry up in the summer.

fearly 30 feet below,in the szme line practiczlly et the gully
Mr.lzkshman - Lheiri duo = 10 feet Ciameter well and depth uzs
70 fee: znd water table iz nezrly 5 feet below the eurface and
this well does not dry_ln the summar.

In the same liné practically 100 meter (330 feet) below a dug
well is Found near Indo-Bhuizn boarder on the east.of the road
which is also 3 feet in diameter and depth is unknewm snd

remins as it is in summer le wztsr table is nearly =%t ihe surface.

Follow ng the same slope coming to Incien tgrritory,a'dug well
of 3 fest dismeter end 32 feat.deep is rnund.uhera ths wstler
lavel stands at 20 feet and in summer it reaches to 28 feszt

ie B feet fluctuation.While digging they found grzvel and
boulders.It sppears thet the same zquifer which 15 51apin§ with
the terrace is found in thait =zre=a snd like uisa there may be '
drep aquifer, '
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Samchi erea

In Zzmehl srea thers gre four levels Yarpaces
Bhutan bogrder zﬁne

Market

Guost house

Gsaiogfczl survey of Inciz compaung

In Zamehi for the drinking wzler piped water supply ccass f=gm

rgzm in the north and they

>

a s Co nat hazve problem of drinking

water.The terraces zre cavered with 10 fest layer of bouldszrs
and below it lies,thg bzsement rock of phyllite.Irrigation is
being fiore by means of Contour cznal in the lower terrsce of
Bhufan boarcder zone, The agriculture farm aof 15 hecizrs located
in the lower zone does not heve sufficient waler and a tube well
czn te drilled for them.The well uill'gnﬁounter boulder and sand

Horizons.Tuo kms., south of Ehuizn bozrder zt Chermuchi & well
1

was. 6rilled by Wesi Eengel Gevi.,en¢ the zvailable ceteils of i1he

wells are zs follows

Size of the well 1Buxge

Drilling depth 3501

Water lsvel 265¢

Depression 5 efter 5000Epm.
Sp.yield 46005 per foot

They hzve instzllec a2 36 EBEF moier end it is saic it took six

montns to the contractor %o drill that well.

Pendent Cement Factarv Area:-

' T i + at the
Pendent cement faczory(Ehuten Govi.,underteking) is located at

- . - 2 £ ivers
foot part of the hill In the ezst of Sazmchi.There most of the riv

ET® ©ry znd water is teppec from ihe hl11.Jn this zrez one deep
well can be tested, {see fig, 15 & 16 )
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Between Pendent cement fectory 2nc Fagll village, most of the
rivers =re dry and tnpography of the eres is smooth.River 5 are
aggrading snd guide bunds to protect Pegll are now found to be
buried in the river bed.“ater 1s suppliec from stresm in hills
tnrough pipe.There 2 tube well cae be Grilled but the problem
is river zggracation which if not controlled will cover Lthe
entire agriculture land with boulder within few years.Kngineering
end gesloglcal solutions have to be found to conirgl the rivers.
At Bir Pada (India) which is nearly 15km south the spring line
has been noted.

Galzohuna ares

Compared to other foot hill part of Ehutan,Balephung have smooth
topocraphy and uide'térrace.The terrace cnhsists of boulder and
gravel.fo well has nesn drillec:in this afez.Rt pressnt lor town
and sgme of villagoec and zlszo {ar Szrihan: wabter is supplied‘froh
the nills.For frrigation a 11ft irrigztion frem the river Lodrai
1s ceveloped ta command 2000 ecres with wster cuty.ZG cusec. The
cepacity of pumps is 20x2=&0.cusec_mhich in the lew flow =zasan
is uhsble to mzel the demand.

Mezs Galephung {n Indiz territory pécple'triéd to dig a-well and
they went upio s depth of 50! and finzlly {hey had gbandoned due
“to finzncizal prubleh.end bouider;uezriy 10%m south uf Eﬁuten
bearcer @ Gug w2ll is loung =%t the check post:cf Decsiri in India.
The well 1= 3 fest in dizmetsr and waisr teble was 20 feet from
surfaecas (Augusi 4582). Frcn the above cbsarva~iun it is possible

to drill severcl wells in Gs Yephung zrea =znd ua»er tzble may be
orcer of 480 feet (estimated).

Sarbhano and Chiramgarea:-

Five kilo,meter east of Szrbang rear Fihaw 2 spring well construc-
ted by Dantak while constructing the road was located.It is said
that the well never dv. es up.
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Sarbhang valley consist of pebble gnd b

culders
phyllite.The requis

of slates ang
; gvent of criniing wster for the populstloen
gerracg in the eastern payt of Sarbhang,is ret by ihe pipeg on the
due north near the bridge.Sarthang has

encugh water from Sarbhang river as well

to meet thz sgriculture neeg.The ,.iq orn

wgier.The rock dip 6o°

a5 from {ts tributary

_ Bler is gf slides and
sogrucatien of the river,

Gatwean Sarbhang and Dampu'(Chirang valley) lies 3 hill which

cansists of lead grey phyllite 2t the base gnc then a thick

well bedded and possibly repeated white gusrtzite which has

produced several'interesting high hezd weter falls by the

sice of road an the way tg Chirang.0n the top lies micsceous
schist and gneiss which zre found to weather into rad clay.
AL Damphuy,wster is supplied by biped water supply.For the
future requirement 2 tudbe well can be drilled in the frzctu-
rec zone.

Samdruo Jonkar:-

The 2rea rises shargly and very limited srez lies in Zhutan.For
the drinking the piped water is supplied in seme of the part§
wherz 2s 2 lergs well 10 Ffeet dizmeter ls constiructed in the
Tiver Deg from whare the waler is lifted for the town, There
are terr;ces in tha srea.The dug wells zre found 2zt the follouing

Flaczs

‘erket zrez (Aztenlsl well 1350)
Bunfan Mills zres

Hospitel

In the araa twg dug wells afE found one at the check post of
Bhutzn znd other in India nesr Ehﬁtan boarder.Ths water table

1s near to ihe surface and ihe well ic nearly 2 meter opeep and
never gries up.It is located im the soring line ss most of the
rocke- et the basz a2re in sznd stone end the sheles dipging north.
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In Indlan bcarﬁqr they have tapped the well ax drzinage noin:

and thg water tzble is aear to tne surface.

At Hunfen mill the gravel is found
smell well of 30 fFapet deep was dug
fount 2t 5 feet below the g

abutting the Siwelik rock.A
where the water level was

reuna and 1t is sald that it dops
nct dry up in the summer months,

The hospital building is locatee on the Siwalik clzy formation ang

8 well wes dug whicgh started intercerting the sewage of sepiic
tank and lzter on 1t was abandoned. '

In south of Samdrup Jankar,in Indis numersus tug wells are observed,

As Siwalik dips north below the upper terrace sediment,well in

Slwalik sand stone may bezr ground water: (see fig: 1?7 )

Over all Anglveic:-

A critlcal enalysis of the aveilable dzta of surface water ic the
hydrogreph of the Llodral river zad weater lavel fluciusztion cata of
all the major rivers,lead to conclude that about 19 to 23 aof the
tatal river flow i{s coniributed by ithe ground water sysiem, The
total flow is SE385 million>,ths pround waier shere will be 14717
million mj.If converteg in to dazily discherce 1t will be arder of
372 cumec.

In practice about 50% of the zhove csm be tzpped from- 2 series of
tute wells.However,this will lead to ihe depletinon of basa flow af
thé-rivafs,but at the same timez thzrez will be recduciion in nhigh

flow by recharging of the ressrvior.

In the mountainous part,besides %th vzing of %the siresms.. ground
water also can be tapped te zugument the surface water in order

to meet the domestic and zgriculture ngeds.Bs ground water hzs
unifarm quality snd tzmperature round the year,this will help not
only 'in uater supply but alsc in incustiry where uniform lemperature

and cuslily can be an assat.
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More over Bhutan has numerous hot springs scattered in the norinesq

tone.They need to be investigated fu

Jly far their commerlecs]l uses

85 well s Tor tourist industry.The geolhermal ENErQy can be useyq

In room hesting es well ad in giner energy replecement seciors,

which could be”expluited to Bhutan's benefit._

The zquifers in hill -region consis:s or fraclured dolomfite susrtiz

z
gnd other faulied zones which provide ensugh SBConcsry porosity for
!ground water percolaticn ang rention.In selected ar

ea such zones
.can be tapped tg mee+

the local demand of 9round wazter.Fortunately,
Bhutan has built rpads =11 over the ragions |

and have devaloped
electriciiy in most of

the districts §¢ will not be difficult to
2 the drilling rig and fnstall Pumps in those places,

In #ountain velleys like Thimpu,ﬁéngdiph dreng and Rard,the‘lift

o
‘rezms may meet the present demznd
water,howaver for the future it

irrigation and tapping aof mountzin s

cf will b2 adviszble to have
noventories of 211 the si=pams and ground water poetentiale orf

¢ifferent regions,

] ; : :
xploitetions of the ground waler in mountzins aof Bhutan may have
e following benefitg:-

Temperzture modereiion in colder places.
b-tustries where themically trezted

gter is not advisable
‘ike heer znc other processing units

then supply lime is too 109 and expensive.

"t present the Royzl Government gf 8hutan is $nterested to know ine

"
l N - i -I =

Faund Uztlar resources of southern foot hill reglnn,pertlcp;arly.
ils 2lso supparts the view of consultant who feels that it {5

sler to star: from the south ang 8radually cover ihe mountainous

FtRa - &n lgipr Phases when Ehutanese nationals

&7¢ tompetent to carry
[Y¢ the develppmental wark by themselves.
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The southern Bhutan has anple ra

in fall and geology of foos pill
and terrace indicates that at lg

. ast 25 to 50% of the raln fall
percolales dowm gs 8 recharge to

. 2quifer which cames gut as »a
spring in far south in the Indian

territary.

The fluctuation aof water table at Ghumzone ang Samorup Jankar

incglcate suceptibility or squifer system to resct with the
condition.Yells drillsd in the adjoining parts of India indicate

that theterrace matzrial Qoes below
hundered Teet,suggesting 3 faulted 2z
of Brahmputrs velley which may be si

the surface far several
one on the narthern flzank

milar ta Indo gangetic plain
where theathickness of alluvium Gepdsits amount te not less than
5000 fe=t at seversl places.If this is also proved by:series of

drill holes, a new concep® will come for davelopment of ground

water of Ehutan.flang with ceglogical test hales,gesophysical ang

-pump Leéting of wells will definitely zdd nru Yzta ond ideas for

further develcpment.Finaily'additiun 0f cdatsz will help in hetter
planning of the resources.The permeable nature of boulder zac
Qravel at the oot hill region suggestis thatl thiz arez atjscen
ta the foot hill_i: 8 rechurge zone for phreatic as well ag
semiconfined aquifer system af the northern plain of the Eranmnuira

rlver.Tnis assumpticn'is further relnforced by oihzr evlidence.

-Firéfly this 1s an area of high rzin Fzll,szcandly the zvzileble
wetar level in the dug wells and resulting pattarn suggest flow _
fraﬁ thim,farﬁafion out ward.Thirdgly the fluctustion of waizr lavel
in the Gﬁg well indicates at lzest more efficient recharge ihere
than further down in India.The foot hill boulder and grazvel grade
into other finer sediment Furiher south,

These all feztures indicate that iransmissiviiy may be order of
1000,00° to 4000,00 op d/per foot in this region which is camparadle
to Bhadhar 20ne of Nepal.

This zrea cén 6n1y be orilled by percussion maching end it may teke

2 to 3 ronths to complete a well.As there is enough recharge the
uzter dualify wi)l tea gond.
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