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thickness, and the other major parts consist of a boulder bed with a thin
intercalated bed of well-sorted sands.

¢) Low Terrace

The low terrace with relative height of 2 m to 10 m from the river bed is
widely distribiited along the Chang Chhu.

§ o The low terraces in ‘the arca aré poorly covered Ly top soil

' Microtopography as often found where natural levee, back swamp and
ancient river channels (river beds) are present is clearly preserved on the
terrace surfaces. Particularly in the case of ancient river channels which
turn to wet land in the rainy season, indicating an interconnected subsurface
water body between the groundwater and the current river water, this type
ot‘groundwater is considered as subsurface water or under flow.

The terrace is mainly composed of gravel beds with minor bands or lense of
cross-bedded sands. The original topography such as ancient river chainnels *
is well preserved. : ‘ :

+-'2) Mud-flow Deposits

- The culuvalud gentle slope i in Lobeysa is formcd by thick mud ﬂm-. deposﬂs
Also, adjacent to the south of Lobeysa is another mud-flow deposit lonnmb
§§ - gentle slope where the camp oflhe Road Depa;lment is located - :

- Aside from lhe:,e major landshdes, sevcral mud ﬂow deposnts are obse: vcd in
- the Study area. These mud-flows are quite umform in constituent material and
j composed of unsorted, brown colored massive mudd} scdlmems wnth anguhn
.~ blocks and fragments of rocks lrom lhc ﬂow or :gm :

‘ :3); l*an [)epossl

. Small but clear fan dcposats are obscn ed in some places 'lhe typxcal fan wath

- considerably big size is only developed ‘adjacent to the south of the Lobeysa
mud-flow where the perennial spring at the termmal fan- is observed. The

- geology of the fan is mainly less soned debris or fanglomcralc with sandy
and/or muddy lcmrcular band. - :

8 3437 ll)drogcologx
(l) Gcncral

A hydrogeological survey has been conducted in the Study arca during the Phase I,
Il and H1 field study. Those sites to be geophysically surveyed and the sites for the
test drilling have been selected based on the results of the hydrogeoloycal field -
survey of Phase L. :
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Since no systematic hydrogeologicat study has been carried out in the area in the
past, no hydrogeological report is obtainable.

In this survey program, the following maps have been prepared.

- llydrogeologicél Map _ :1:50,000 (Fig. 3.4.4) and 1:10,000
- Groundwater Inventory Map - 11:10,000
Because of the mouiitainous terrain, there is a wide variety of local groundwater %4‘% |

conditions; nevertheless the hydrogeological condition of the Study area could be
generalized as an area of two-layered geological mode!, i.c., impermeable bascieit
rock and stightly or nioderately permeable cover of the Quaternary age.

The basement rocks, probably Pre-Cambrian in age, are mainly composed of

massive gneiss and foliated schist. The porosily of these basement rocks is

generally in the form of foliation andfor mterconnectcd fractures which vary

considerably in size and frequency. These fractures become less frequent with

depth, and as a rule, drilling deeper than 10 m alier encountering the less fractured
- fresh rock is not advisable. : '

No important water yield from the basement rock has been observed in the Stidy
area until now. Quaternary covers in the Study area are thickly weathered crest
plane, river terraces landslid¢ debris and less permeable mudflow deposits.

Quaternary river terraces atong the Chang Chhu and other large river are the most”

' important aquifer in' this Study area. Since the area is located in the mountainous
area, no impermeable bed/layer is intercalated in the terrace deposits, suq.,cslmg
that the ground water in this arga is unconﬁncd

(2) Sprmgs

: Many small sprmbs ylc!dmg gcncrally 5 llmm to 20 l!mm are obscrved in the Sludy |
area. .

' G_eneticaily, these water springs in the Study area could be classified into two (2)
categorics, the widely distributed fandslide-related spring and the terminal fan type

spring of which only onie was found in Lobeysa.

1) Landslide Related T ype Spring

Many landslides are distributed in the Study area. The flat or gentle terrain on
the middle slope of mountains is mostly caused by landstide and is now being
cultivated with spring water, which is used for both domestic and agricultural
purposes.

The genesis of this type of springs has been geologically studied and the
followings are the most likely inlerpretation.
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During the stiding movement of the landslide, the sliding rockmass may have
fractured causing higher porosity to form an aquifer. Meanwhile, at the bottom
of the sliding mass, finely crushed rock and soil may form a clayey impermeable
layer.

Thus, groundwater retained in the fractured landstide debris might be under-
propped by the impermeable bottom layer of clay forming perched

groundwater at the shoulder of the mountains. -

In the field, all of these springs are found in muddy marshes with black slippery
clay.

Terminal fan type spring
In the feot-hill region, many fans formed by debris flow or mud flow are
generally found. At the toe of the geomorphological fan, réferred to as the

terminal fan, spring water pours out in many cases.

Adjacent to the south of the gentle terrain of Lobcysa a small but distirict fan j is

~ observed covering the gentle terrain formed by mudflow depoan At the
- terminal fan, a perennial spring pours out about 10 lfmm of water bencﬁtmg :

several households and kitchen gardens

{3) Groundwater {Aquifer) ;

'lhe aquifers in the Slucly area can be classified mto the followmg three (l) 7
- categones S : - :

1)

Rlver terrace related lype :
‘Landstide debris relalcd type
Mudﬂew relaled type ;

Rwer Terrace Related Type

‘Three levels of river terraces are recognized in the Study area as discussed in -
-the other Chapters. Since no permeable layer is intercalated in the terrace

deposits of the Study area;. Breundwater is. only found at the bottom of

‘permeable terrace deposits and the best yteldmg zone is snuated _}US[ abmc 1he :
bas¢ment rock. SRR . S : SRR

This observation suggeﬂls that the lugh terrace wnh the lelatwe helghl of: 130

* m from the river bed is too elevated to host the groundwaler

The lower terrace, the yeungest terrain in lerms of geologic age, with refative.
height of S mto 10 m is poorly covered by soil. As a result, such areas are not
well reclaimed and settlement is limited. Judging from these facts, the middle’
terrace is the only area of groundwater potential.
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2)

£.andslide Debris Refated Type

Landslide debris is a massive and highly porous geologic unit, mainly
composed of blocks of fragments of weathered rock and lateritic soil as matrix.
This physical character itself is excellent as an aquifer but the volume of cach
slide unit is too small to develop and utilize a large quantity of groundwater.
‘Yhe water yield of perennial springs utilized by villagers in the mountain area
could be increased somewhat by trenching and draining at the marsh areas.

Because of the great variation in groundwater conditions of these Kinds of

- smalt and isolated geologic units, it is diflicult to generalize about the potential

3)

for spring water development. The volume of stide debris or the arca of slide

block is obviously the main factor controfling the water yield of this type.

In this study the annual recharge of groundwater s estimated as 440 mum

‘Therefore the aréa {square nieters) multiplied by 0.44 m yields the annual -

groundwater recharge in cubic meters. -
Mud-Now Related Type

Major mudflow deposits are distributed in the Lobeysa atea, and several other
smaller ones are observed in the Study area. The kithofacies of these mud-flow
deposits are quite uniform in appearance. The included rocks vary in size from
block to fragment and are scattered in muddy brown colored matrix, These
facts suggest that the huge volume of water saturated materials have been

- transported in a short time.

{4) Potential ':All"eés for GFOII:II(i\\fale Development

I

- Although the mud-flow deposits are less' permeable, the huge volume of the
' massive sediments could be an excellent storage for groundwater. Groundwater
‘retained in the mudflow deposits is underpropped by the basement rock and
“may have good potential yield of water at the zone just above the basement.

!

Arca of Middle River Terrace along Chang Chhu

" Among those aquifers mentioned above, the middle river terrace deposits may

" have the highest permeability and the best chance of recharge from ihe river

-water.

Turthermore, by careful study on ihe minor reliel’ of the ground surface, one

can safely delineate the ancient river channels which generally coincide with the
buriedfunderground channel of groundwater flow. '

Likewise, a topographic approach fo interpreting the groundwater potential

area is possible in the river terrace areas. Another hydrogeological approach to

hit the groundwater flow is to find the underground depression of the surface
of basement rock covered by the Quateinary sediments.
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Because of absence of impermeabie layers in the river terrace deposus of the
area, the groundwater is unconfined, the course of which is controlled by the
subsurface topography of the underlying impermeable basement rock.

Consequently, to detect the continuous depression engraved on the surface of
the basement rocks geophysical explorations such as electric resistivity survey
shoutd be employed. This electric survey needs enough space to extend the
wire for 200 m to 400 m.

Landslide Area

As discussed before; many small but perennial springs, genetically related to the
landslides, are being lltlllZLd in many villages. The water in the stid debris is

~ being recharged by precipitation as well as secpage: from: the forested

background mountains.

Since the volume of debris is limited, the exploitable quantity of water is also
limited. However, the spring water yield could be increased considerably by
trenching if done in lhe correct way. - -

. Smce the oroundwater is pcrchcd on the top of the clay 1ayer ofihc landslide,

'jobserved in the mud- ﬂow areas.

the clay layer should not be disturbed. Ifa hole is punched in the clav layer the
valcr w:ll escape down the hole, ]llSl like pulling-out the plug ot a bath tub.

A shon distance upslope from the sprmg, lhe water (ablc is shallow enou_gh
whereby the water is drawn up to the surface by capiltary attraction’ ‘and ltost by

1 e\'apotransplrahon In this zone, the so called capillary zone; a shallow trench -
‘ofone (1) m to:1.5m’ deep could reach the water level without damaging the -
‘;underlymb clay Iag,er The yield thereby bccomcs Jarger because the: trench
: icaplures water thal would othelwlsc be 105t by cvapolranspirahon AT

)

Mud ﬂow Deposu Area

fThese mudﬂow dcposqls have compielely covered the prc-ex;shng, topo;,raphlc

relief, forming the new drainage/creeks which are far diffetent from the buried

drainage pattern. But the groundwater in these areas is still flowing down the

buried creeks as mentioned above. This is lhe main r¢ason for dry creeks often

“To detect the deep buried ancient crcclxs mtemwe geophymca! C\cplorauon is

‘necessar)' “These conditions make the exploitation of groundwaler i the mud-
_ﬂow area d1l’hcu:t and costly

As a result, developmcnt of groundwatcr in the thick mud-flow area is not_
recommended except in the case of social or political necessity. :

Chapter «3
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3. 4.4 Geological Hazards Assessment
(1) General

The Himalayas are the youngest mountains in the world, still uplifling and under
formation. Slopes will,- therefore, generally be steeper and every infrastruciure
established is at a risk from washout and failure caused by erosion, gully intrusion,
and landslide.

In Bhutan, glacial lake outburst, earthquake, flash-flood, and landslides constitute
the main natural phenomena {geological hazards). These natural phetiomena are
mainly due to the natural causes but are accelerated in frequency and maguitude
“due to human interference with nature. The man-made structures tend to disturb
the equilibriuin of the regime of nature and nature in turn causes damaging effects
1o man-made structures.

The Study area is situated in the zone of the mountain and valley belt where nature
has made deep gorges m the southern half and wide river valleys in the northern
half of the zone. '

In lhe Study area, wﬂh some exception, the cultivated area is composed mainly of
foliating phyllite and schist, and brittle quarizite. The massive and resistant rocks
overlying the brittle and foliating scquence are the crystaltine limestone and the
Himatayan gneiss. Those resistant rocks are distributed in higher altitude lormmg,_
'cresls of ridges surrounded by steep slope.

In shon the Study'area is composed mainly of weak rocks. Because of the weak

: geology, people have made terraces for cultivation on the gentle stope or fossil

~ landslide area. Somctlmes these fossil slides become active duc lo the road CutlmgD
oor canal cumng at lhe toe pmt ofthe slide. : -

Smce thc Study area is of lulg,hly developed agncultural area, man-mduccd hazards
will intensify. Espeually the irrigation canals without Immg may create landslides -
- due to percolation and water load.

(2) Rahng of Vulnerabihty

Dunng the f eld survey pcrlod a walk -OVEr SUrvey was camed out on the ‘rating .
of vulnerabllnty followed by (2) desk work on photog,co!oglcal interpretation and
' slope aualysns and (3) vulnerabilily assessment.

n s_omc part ofilhe Slildy ar’ea, the natural process of mountain building and man
induced physical impact to topography are causing the mass movement ol soil and
 rock. These mass movements often cause washout and/or failure of lincar
~ infrastructures such as irrigation canals and roads.

Referring to the publications of the International Center for Integrated Mountain
Development (ICIMOD), the check-list is prepared for field work on the rating for
state of nature, which was later modified to rating of vulnerability as shown on Fig.
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3.4.5. Special consideration was paid for selecting the observation items along the
tinear infrastructure {canal in this Study) which should be ranked in the field. For
this reason the check list was simplified as inuch as possible.

After several times of trial rating along the same canal in the Study arca, the
simplified check-list composed of eleven (11) items to be judged in the ficld was
finatized for the aclual ficld use.

This simplified method, however incvitably relies on the experience-based
subjective judgment to varying degree in rating. Furtherniore, some logical
discontinuitics are intentionatly employed to utilize the experience-based judgment,
i.c., the old slide observed near by is allocated five (5) points while new slide within
20 nyis given 8 points. Then the risk of new slide of 25 m apart should be classified
as equivalent to either old slide or stide nearly 20 m apart.

(3) Field Survey Carried out

Walk-over field suivey was carried out along the main canals in the Study area.
Those canals surveyed are as follows:

. List_of Surveyed Canals

Chapter 3

Name Length :No, of Observed Segment
Phangyul canal- - 16.0km 57
* Gemkha canal - 3.5km 11
* Bajo canal C15.0km Y
: Nalakha canal 39km. .’ 13
Rutckha cahal 22km 13
. Mapheklia canal 22k’ 1o
~ Upper Lobeysa canal . 7.1 km: P
¢ Lower Lobeysa canal 8.1 km* 15 L
‘Rupiima - ¢+ 1.1k 7
i~ Naykogua o L7km S8
* :Total : 1608 km T

In the field, each geomorphological unif was taken as a‘_scgmcsii for the rating.
Observation and judgment on each iteni of the check-list are converted o points as
shown on the list and the total point value is treated as the vulnerability index.

* During the {ield survey, the following items of works were carried out,

- Geo!dgical observalion was supplementary conducted together \jvi'l'h the rating,
- - Critical section of danger was shown on the map by arrows and tlie length of

- possible damage is noted beside the arrow.
- Other phenomena observed carefully in the ficld are;
' - age of trees in the fossil slide zones to estimate the age of the slide
- bending of tree trunks of leaning of the trees on slopes to estimate the
movement of soil .
- exposed roots of trees to estimate the depth of soil erosion

-7
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As a whole except some segments of the Bajo canal and the Phangyu! canals, niost
of the canals are constructed in stable arcas and no major damage is likely in near
future.

‘The result of rating is compiled on the miap of 1:10,000 together with the arrows -

showing the critical points of danger.

(4) Geological Hazards Map and Ilazards Assessment

The results of field work on the rating for wlnerablhty of canals are complfed on
the map of 1:10,000. Meanwhile, photogeological interpretation on the acro-

“photographs using a stereoscope as well as slope analysis around the canals were

carried out on the desk.

The Geological Hazards Map is composed of several maps, i.e., geological map,
slope analysis map and the map showing vulnerability index.

As discussed before, the concept of hazards includes the possible occurrence of

triggers.  But iriggers such as earthquake or torrential downpour could not be

predicted without continuous observation for many years. In this map the area
shown by arrows indicates the highly hazardous zone which is selected in the field :
based on experience based judgment. Those figures of vulnerability mdex also-

mdwate the hazardous depree of the s seg,menl

© Although some modilication may be necessary when applied to other arcas andfor
other infrastructures such as road, the proposed Check list for the vulnerability may .

* provide reasonable standard for hazards aswssmenl \\hen it s utilized by the

:: e\penenced gcoiog,:st or cnwl cnglnccr L s : "

_ '3.; Metcomlog)

‘ The chmate of lhc C hang ( bl ba‘:m is c!awi'ed into the fol]owmg three (3) categoncs
~based on'its almude widely vaiymg from 300 m to above 6,000 m as foltows: -

lhmafayan zone (altitude of above 3,000 m 4.s1) characterized by severely cold

winter and short and cold sumner. The arca of the altitude of above 4,250 -m is
“considered non-cultivable, and the snow area extends on the mountains above
' _-_appromnatcly 500 m. Any crop except cold resmtancc such as potato and barley 3
‘can not grow in this zone. » :

Temperate Himalayan zone (altitude of 1,500 to 3,000 m asi) is characterized by
-moderately warni summer and coo! winter, The annual rainfall thereof is varying

from 500 to 1,200 mm. Rice, banana and orange grow in rather low areas, and
broad-leaved trces are found in the southern slops of hilly area.

Semi-tropical monsoon zone (altitude of 300 to 1,500 m as.l) is characterized by
high temperature and humidity. The annual rainfall is observed as above S00 mm,

and il sometimes reaches 2,000 mm. The tropical jungle covers most of the areas, -

but there are some dry areas like savanna.
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The climate of the Study area (altitude of 1,200 to 2,800 m) has both characteristics of the
temperate Himalayan and the semi-iropical monsoon. The mean monthly rainfall is higher
from April to September than that from October to March, and these two (2) periods are
gencratly referred to as the miny and the dry seasons, respectively.

The meteorological parameters observed in the meteorological station at CARD
(13640046, altitude 1,200 in) in Wangduephodrang which is located at the center of the
Study area are swmmarized below.

- Annual rainfall 710 mm

- ‘Mean Temperature “19°C

- Average Maximum Temperature 224 °C

- Average Minimwmn Temperature 13 °C

- Relative humidity 2715 %

- Wind velocity 1.8 m/s

- Sunshine :5.5 hr/day

- Evaporation 1,790 mm/year’

“The annual distribution patterus of some selected parameters are summarized below.

Annuat Distribution Pattern of Mefedrb!ogical Parameters

: - Item - dan. | Febn | Mar . Apr. g \!a_\.jl.lun_- Jab | Awg. | Sep. | Oct | Novi| Dee. Linowal
CRaifaligmm) . 10] 2] TH6 d0i - erf a3y 153 1xel 9ot 39f sl aof
Mean Temperatwre ¢ty { 11.5] 131] 16.3] 139F 21.s§ 244] 290] 2a2f. 732 2048 wss azaf sy
Max, Tamperstore ). ] 17.6] 183] 209 2510 273 291 279 285 271 360, 226, 9.7 213
" Adin. Tempirature (°C) 54l 1a] 0 176 15.3 191 200] 199} 183 us 89, 43 132
' Relative Hamidity o) - | 298] 732] 710] 66.7; 3.0y 78 3} 8i0] 807 s1e] 753 730l 7a3] 752
" Wind Veloity (m's) - NETI T 2l 220 22 re| 1(-; 150 15; 12: 12l s

Sumhmc(hrdg\) ST sed 52 NIk 6!‘ 5” 41 a1 50! 521 6.6! ;| “a ;.55

Thc ;lletelor:o!;ogié:al conditiohs in the sm'dy 'arba are illustrated belozw.'

Rainfal {mr)

Temperature(®C), Wind Veolocity(m/s)
_Sunshine(hr/day), Evaporation{mm/day) -
g

o | HETH R R 3 R R gy

Jan Feb. Mar. Apr. May .un. Jul Aug Sep. Oct Hov‘Dec
B Reilall  ————Mean T, o e- - - MacT. —==MnT |
—¥—WindV. ———=Surshine ——&—Evapo. e

METEOROLOGICAL CONDITIONS
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3.6 = Hydrology
3.6.1 Geaeral
(1) Drainage System in Bhutan

There are the following four (4) major drainage systems in Bhutan.

Hox

- Manas Chhu basin

- Chang Chhu Sankosh basin
- Wang Chhu basin -

- Amo Chhu basin

The Chang Chhu basin belongs to the Chang Chhu Sankosh basin, the second
largest basin in the country. Most of the rivers originate in high mountain range of
Himalayas of over 7,000 m as.l, and flow out to Bengal Bay passing the Indian
an(i Bangladcsh territories through Brahmaputra and Ganges nvers

(2) Gencral Coudlttom ofChang, s Chhu Basin

The Uppcr Chang, Chhu basin deﬁned in this Study as those river basins that are
* located at the upstream of Wangdue Rapids Stream Gauging Station of the Chang
. Chhu is divided into the following five (5) major sub-basins from north to south.

Chang Chhu =Dra‘ma_ge System

Catchnwnt .\na (Lm ' River Length

. Sub-basin - = o River md lr:bu!ar) Uit lh_%e_nm Sub-total | Fotal {(haw}
! }EO_?I!h_lI_ T \h(‘h.hu Al eonllucace - L 2,159 ) 2,35? o 3!0
Pho Chiw . L 1h{€ﬁi{[.';:c3}~.numu B R N 594*‘;
© Pho- Mo Chhu Conflucnce - o : : : P 727 0 - :
. ' S F\thc»nE,:hl{L! oo oo N B |TT'
. (‘_h.mg(._‘hhu S : ' llmtl(lﬂimﬁ R o o 7 o :HZ
' B C b T Tribwarics - | . . oo 7;‘!4* :
N e o £t I E 1 I
' Dang Chia L DangChhu - |77 T siel iessi | wike
" Chang - Dang Chku © enflucnce S : i R639 .
Chang Chhu Qower from Wangdue Bridg:) - i .: -
Chang Chhu al Wangdue Rapids R - - P 5640

' S_The total dr'unas;c arca of the Upper Chang Chhu basin is measured ‘to be § 640
‘Lm at the Wangdue Raplds Strecam Gauging Station Site. The longnudmal prohles
and the schemauc diagram are'shiown below.

oo ¢ o @

Mo Chhu i
5000 _ .
- | - Dang Chhu ‘Pha Chhvy
E 4030 Tabe Rengehhy
" NP ‘ Pe Chku
T [ Limti Chhu’,
Eo 2,600
1,000 §
O .x 1. " 1 L rl
1] 0. 40 [31] [:Xr] 100 129

Olstance from Cenfluencs 0fDang Chha and Chang Chhu {3m)

Longitudinat Prolile of Chang Chhu River System
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Mo Chhu Pho Chhu
e .
Yebosa Punakha

Tabe Rongehhi Limti Chhu

Pe Chhu )

[ Wargdue Bndgej + Wangduephodrang

(=

| - Wangdue Rapid | Dang Cihu

- Chang Chhu Drainage System

The present cond1l|0ns of each basin of the Chang Chhu basin are briefed below.

1)

3)

Mo Chhu Sub basin

The Mo Chhu sub-basin area is measured to be 2,359 kn’, and considered o
be one of the largest sub-basin in Upper Chang Chhu basin, It originates in the
giac:er zone located at the north end of the country, the llama]ayan Range of
over 7,000 m a.s.l. The river ﬂows through narrow and decp gorge southward
joining many fributaries, and near Gasakatey meets the same Chhu Rowing -
from Lingshi. The river runs southward to reach the confluence with the Pho
Chhu ai Punakha. The river length from the most upstream to the conflucnce :

~ with the Pho Chhu is measured to be about 81 km.'A siream gauge station
* operated by Power Division is located at- Yebesa, seven (7) km upstrcam of the ‘
~ confluence with the Pho Chhu. The drainage basin with an altitude of over
+5,000 mis covered by snow lhroughoul a year, whlle the other rcmalmng, parts

are covcred ‘with wcll dense forest or hltle cultlvated Iands

Pho Chhu Sub basm

§

The Pho Chhu, which is also considered as one of the largest sub-basin in the
Upper Chang Chhu basin, starts its flow in the glacier zone of IHimatayan
Range of over 7,000 m asl, and flows southeastward in the high mountain

“range collecting drainage of glaciers.’ It changes its flow direction gradually

toward south, and reaches the confluence with the Mo Chhu at Punakha joining

‘the tributaries such as Si Chhu, etc. The drainage area is measurcd to be about

2,369 k'’ at the confluence. The basm is covered by deep forcst comlstmg,
mainly of well-grown pine trees except for the snow-covered areas located in
the high mountain ranges of over §, 000 - m a.sl The: distance from its
uppermost reach to the confluence is measured 1o be about 95 km.

Tabe Rongchhu Sub-basin

- The Tabe Rongchhu originates in the mountain range located east to Thimphu,

and runs eastivard along the narrow valley, and flows into the Chang Chhu near
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Lobeysa. Many wilages are scattered along the river and its small tribularies,
and the cultivated fand is developed. The vegetation of the basin is fairly good
in upstreamn portion, but in lower reach near Lobeysa it becomes poor due to
dry climate in Wangdue Valley. The distance to the confluence is measured to
be about 18 km, and the drainage area is 121 ki’. There are many small
intakes constructed by local farmers to divert river water for irrigating their
cultivated lands along the river. Two {2} intakes; Lobeysa Upper and Lower
canals are also located on the middle reach of this river. '

Limti Chhu Sub-basin

The Limti Chhu originate in the hilly area of about 2,400 m a sl near the
Limbukha village which is located north to Bajo arca. The river flows
southward, and flows into the Chang Chhu in the Bajo area. The vegetation of
its catchment area is not so dense, and the cultivated lands are expanded in the

- flat and sloped areas along the river. The river length is measured to be about

~ to west gradually, and flows into the Chang Chhu near Wangduephodrang
towi. At the point 7.5 km upstream of the conflience with the Chang Chhu,

" the Pe Chhu, which has a length and drainage area of about 22 km and 158 .
km’, respectively, flows into this river. The total dramagc arca of‘ ihc Danb :

‘ Chhu at thlS conﬂuence is mcaqured to be 649 km : '

11 km, and the drainage area is 34 km”.

Dang Chhu Sub-basin

At the Wan&,ducphodran& town, the Dang Chhu which has an eshmatedi |

drainage area of 684 km’, flows into the Chang Chhu from the left bank. The

Dang Chhu originates in ihe mountain area of about 5,000 ut that is located at -

around 27°45°N and 90°15’. The river flows southward, changes its direction

T lu, Pe Chhu i is thc lmponam sotirce of domest:c water for Wangduuphadranu '
“lown as well ‘as the irrigation’ water for the: Bajo area. Its intake iacallty is .
“constructed on the Pe’ Chhu about one (1) km upstream of the confluence of ,
the Dang Chhu and Pe Chhu, and an open channel and a pipeline of two (2): 10
‘cm-dia, steel pipes are mstalled along the foothill of Phangyul hill area to

convey the intake water to the water treatment plant in \‘.’ang,ducphodran&,
town. The vcg,ctauon of this basin mamly consist of dense forest i the high

“mountain area of over 2,000 m, and in the low lands along the nver cultivated
Tands are developed. At Wangdue Rapids which is located downstream of the
‘Chang Chhu and the Dang Chtiu, there exists a stream gauging station, and the

total dramage area of the Chang Chhut basin at this station point is measurcd to
be 5,640 km’,

(3) Basin Condition of Study Area

The Sludy area of 65 km’ is composed mainly of the Chang Chhu and the Dang
Chhu basins. The Chang Chhu and the Dang Chhu flow from north to south and
from ecast to west, respectively,  and join each other at the soulh to the
‘.\’angducphodrang town.
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The Chang Chhu, which flows through flat lands of the Bajo and the Lobeysa sub-
areas, has two (2) perennial tributaries, namely the Limti Chhu on lefl bank and the
Tabe Rongchhu on right bank. The Tabe Rongchliu has a drainage area of about 18
km®, but most of the area extends out of the Study area. The Limuti Chhu
originating in the Limbukha village is also considered similar to the Tabe
Rongchhy, and most of its drainage area is located out of the Study arca, though it
has a drainage area of about 12 km’. Since both sub-areas have limited and poorly
vegetated areas of watersheds, most of rainfall in such sub-areas is judged to be
drained rapidly to the Chang Chhu without any retarding.

On contrary, the Dang Chhu has a few flat plancs along its couise in the Study
arca, and both sides of bank are formed of steep and deep valley. The Phangyul and
the Rubeysa sub-areas are located on elevated high hilly lands from 1.600 m to
2,000 m. The Phangyul sub-area has a limited area of Watersheds, and rainfall in
* (his arca is considered to be drained rapidly to the Dang Chhu similar to the other
sub-areas in the Chang Chhir basin. The rainfall in these elevated lands are expected
to be larger than those in‘other two (2) sub-areas in the Chang Chhu basin duc to
their altllude '

- 362 Rainfall

The annual rainfall in the basin varies from * Eslnmated Rainfall in the Study Area
place to place depcndmg on its alhlude as .
- tabulated mihenghl table. R _ Altitude i AnmulRnnfa]l(nmi)
: _ 1.000- 1,500 m (VT
: Us_iug-'th'e rainl’all_'data at the stations in L300 - 2.300m oo L
S R Lo 2,500 - 3,500 m . LRt
~the Wangdue Valley,” annual rainfall = ‘ :
: ' Fogver 3.5000m . - SO0
. paltern in ‘the Chang Chhu basin was ‘ :
? roughly cstnnated as shown below o
R — — A
: 53'5»0 -—-0——100() tSOOm R N
’ e g = | 500 2500111 L e
© 00 | 1= a-- 2,500-3,500m ; A
’é“ : 3L-,-'-o---m‘cr3,5(l)m ! “ \
E 250 S I | .[ :
3
(B
@ 1%
50
o o7 ‘
JAN MAR MAY - UL S NOV

EXPECTED ANNUAL RAINFALL PATTERN

Based on the cstimated ainfall and altitude, the rainfall pattern in the Study area and at
intake site was estimated as shown below.
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Estimated Rainfall Pattemn in the Study Area and at Intake Site

Area Jan [ Feb [ Mar] Apr [May] Jun'] Rl TAug] Sep [ Oct | Nov| Pec [Annual
Siudy Area S| 6] Tif 560 BI[TON A 56 TH3I- W 2 A T.086
Bajolnfake Site 1 "G 22} 28] 68| 120 2281 297173841 2701 7T 6 W] 1,505
Tobeysa Intake Sife 17|25 "26) 68| 113 2261 2053 63| ZAS| 631 31 7 L4
Phangyw! Intake Site 16| 21733775 TI33] 2431 18] 433 XIST 786 7] 10 1,680

3.63 Runofl

Approximately 1,500 mm and 1,600 mm of annual runoff’ were estimated at Wangdue
Rapids on the Chang Chhu and at Yebesa oni the Mo Chhu, respectively. These vatues are
considered approximately twice of rainfall al Wangduephodrang. Taking into account of
the present basin conditions, the runof of the basin may be affected by those from glaciers
in high mountains.

An extraordinary flood occurred on the October 7th, 1994, because of the outburst of
~ glacial lake named Lugge which is attached to the glacier and is located on the eastern
tributary of the Pho Chhu and the maximum flood discharge was estimated as more
than 2,500 m%s. This amount of discharge might be more or less 3 ~ 4 times larger
~ than that of usual flood in the rainy season. According to the discharge data of DOP,’
the hydro paltern on that day are shown as below; . : '

W
unt
200 |

ica 1
son §

" Rrver Dushante iy
£

. : . 1 . . . Lo
L R L T P T IO R T NN S S R T R CREA U S - N | ST T - B

Oadtei 1 |§m

Hydrogfaph of lhe Flood in Oclober 7 1994 by lhe Oulburst of Glac:al Lake :
T he ﬂoodmg pcnod was around only llvc (‘3) hr and this amounl did not ha\c much

influénce 1o the mean monthly dlscharge Therefore, it was not necessary to consider

this phenomenon for hydrological analyses except for high flow and scdiment sunoﬂ
analyms

'_The monthly discharges at both stafions are summarized below.

Summary of River Discharge Data

13490045 | Wargdae Ronidson FhoMo Chbu ‘ ' C . ; %
LA kW 1190w 27T4SN E9SAUIE : . e Unints) : :
Ttern Jen | Febop Mar ) Age | May b Jun } Wbt Ave | Sep | O ) Nev | Dee | Anneal

Mean | T13] 639y 984) 11871 1970 3193} S183) 7107 53%1] 2681] 1304] 908 2574
SMax ] sas| 31| a387) 11148) 3200 1906 9352 t1sde] 940 23392 w1 i9e| 23w

Tain ) 645 ss0| s71 677) 1343} 1536] 2306l a3t s _tses| 989 18| sar

© 13700045 Yebesa on Mo Chiw

2,320 km* 1,230m . 27-37T59N . B94IE . (Unit m’s)
[iem Jan | Feb | Mar | Apr f May 1 tun | ) | Aug | Sep b Od | Now. | Pec | Anoual
_Mean | 278|256l 11| gas] w31 1857[ 2092 3on4) mrt]. 992l an4] Al iies

“Max 33| 32s| sta| i3] 16600 3056| 4a83| 4x33l aa33) Twwsal T 3id| Tave] T ama:

Mt 19 24| 3| a1 aenr Tes?| 6isl Tiaadl T9RS) TS0 i) Tl i
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In the lowest flow season, the difference between monthly maximum and minimum
discharges is found to be within the range of Summary of Water Batance of Chang

less than +/-10 % of monthly mean “discharge, Chhu
while in the high flow season it reaches to a {awnvyear)
range from +/-40 to 50%. - Rainfall and Snowfall 2400
S tivaporation and Others E 100
From the result of Tank Model analysis, the ﬁ“"og{'01“.2'!“‘_9“_“"0“ : ];g::
, . : i : : 1NOH Irom Qlacicrs
atinual water balance al Wangdue Rapids in the Foial Raralt o

Chang Chhu is roughly estimated as presented in
“the table.

Based on the result of Tank Model 'ahalysis, the monthly discharge for 10 years were
estimated and the results are summarized as shown below. :

Monthly Discharge at Wangdue Rapids (m’s)

““tem [ Jan  Feb i Mar i Apr i May | Jun § Jul | Aug! Sep i Oct | Nov Dec: | Anwnual
Mean| 85.0; 8207 9441 1436} 2312 4791} 596.9; 598.3{ 497.6! 313.0; 151.3: 108.3| © 2817
CMax.| 9537 91.9] 129.4; 308.7 318.51 692,21 965.9; 881.5: 697.0 4274 190.4] 1268 9659
Min. | 789! 74.1 74.0: 91.0 156.05 2798 37_6.0?416.0; 330.2: 205.9 1227 91.9] 71.0

Based on lhe existing hydrologlcal data, the specilic discharge in lhe Study area was
estimated as shown below, -

Estlmated Specmc Dnscharge in the Study Area ,

L o (it mYskwy

Month Jan  Feb l\rhr Apt | May Juu Jul Aug Sep ; Oct I'Nov i Dec
SpmﬁcQ 0022 {)02! 0019 0.027 0.034 0.067 6. lO{. 0.140 0.114 0.05] ,{!_(}365 (025

Usmg lhlS spccuhc dlscharge the rlver dlscharge at mlal-.e snc was esllmale(l as shown
~below.. , :

. Estimated Monthly River Diséharge‘at Intake Site :
‘  (unit m’/s)

River . JC Area(hon'}| Jan | Yeb [ Mar § Apr § May § Jun § Jul PAng i Sep | O [ Nov | I
Tabarong Chba | 11940 | 26027 2900F 2327 Y231} 40341 802812.433516.75313.577 6.067; 4.286} 3029
Pe Chhus 14570 | 3078 3030 2840} 1943} 4922 9.797115.196:20.416; 16.568] 7403; 5.230] 1696
Ladhhu 223 | 0.048] 0047} 0.043% 6.060; 0.075 01%0‘ om 0.312; 0253} 0.113; D80! 0056
Uship : AT 0.091; 0.087; 0.0815 0113 04V 0281 ous 0.586; 0.475 0.202; 0.150} 0.106
Moduna ¢+ | . 878 0191 0.1345'0.171 0237 0.296 6399} oqls_ P231E 0998 04467 0.3181 0223
TaharongChiw | - 680 | 0148 0142} 0.133] 0.1841 02301 0457 0709} 09541 07731 0.346 0.3310 0172

‘Using ~ Rational  Eslimated Peak Discharge at Main Rivers
lormt\tta,. t-he peal-. ’ Max. 24 hr Rainfall {inm) 58.% SR
runoft d'SChargc of River - | Catchiment | Duration | Rainfall | Peak Runoft ‘\pLqu
the main rivers for - | Area ™y | Thine () | Intensity (m“!s) b enYskn')
average year was Pe Chhu 158 4069 1.88 41.292 0.261

s Limti Chhu 34 27.01 23 . 10,905 0.321
estimated as shown . _ ! :
Tabe Rongehhu 12} 17.89 1.95 32767 10271

in the table.
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There are several tributaries in the Study area and the direct runofl from the rainfall is
drained through these tributaries. The direct runoff comes from the agricultaral land
and the amount of the peak runoff should be varied depending on the scale of
catchment area. Using the Rational Formula above mentioned, the relationship
between the catchment area and the peak runoff discharge was analyzed as illustrated

below.

Peak Runoff Discharge (m3/s)

0.8 -
0.7 4
0641
05

7
f
N
el ol I’hang\ull
[ ] 1
[ ST 4

I obu 52

- Rubuysa

10
Catehiment Arca (ha)

"ESTIMATED PEAK RUNOFF FROM AGRICULTURAL LAND

Usmg the result Of the low and high flow analyses at Wangdue Raplds the probability

analysis was carried oui for lhe (‘Inng Chhu and other rivers:
summanzed below.

“The results are -

Result of Runoff Probabitity Anaiys:s at Chang Chhu and Dang Chhu .

(m‘.s)
: .'sﬂe. Wangdud Rapids’ lrrpsl Part L\I'(.h'\ng(hhn- [rang Chha
gc-.:-hm.»n:,\remm‘) 5,640 1956 684 ¢ |
""""l?:';‘iiih'{'ﬁ;}i&i"‘f‘"' CNaan VU Max UG Mean TR TR Nean T My T N
1500 1917120173 | 36K | ves4 (17726 | 323 | 232 | 27 . 4S.
1200 1981 fIRsR8 i.oake | 70 f1€3ra o3z |l ozan | o22%4 P 47
1100 007 P13az.b o 308 |90 11s30n {rasoilc 2a7 iz i g
S0 2004 f16250.F 404 | rRes fumo o364 [ 2ss C 1970 0 se
10 S22y P14726 & 4390 | 943 (12940 | 3Ré 68 1 o17e i sy
110 7 fiasel |42 {2036 insly | odo6 ] 280 1615 o se
s 2459 1E2384 P 492 | 260 (10836 | oaxz | 29m | o1d0R 60
R 277.9 110549 § 853 | 2442 § 9270 | 4RE | 337 | 1279 67
- Result of Runoff Probability Analysis of Other Rivers .
: } ) o o' 5)
Pe Clbu © Limti Chhs Tabe Rongebbu
. L
T Nean | X : “Mean | Nx P Min
STOET 17e26f LS| 1228 TA70F] 13987 0834
5893 4R260  1AS9 1268 0.249) 4513} 11765 088
6195 o] 1amd 0264] 4745 9087 09N
6.491 vaes]  raeni ozre| a9mi M osw
6.8891 1379 rasd 07|  sa276l 0 3497 1.0%
7,785 1sss|  rersi 0335 ss62i X 1IN




" Wangdue Rapids due to the.
- sedimentation as shown in the
© figure.

T hc river conditmn was changcd
* drastically as soon as this flood. l*urlhermore the suspended sedlmematmn load (QS)

_Chapter 3 |

Using the river scction and the results of probabitity analysis, the river flow at the
‘Chang Chhu was analyzed by applymg the non-uniform {low calculation. The Now
conditions at the river pump station in RNRRC are summarized below.

Estimated Water Level at RNRRC River Pump Station
{Unit: TP.m)

Retun River _ L _ .

- Period Bed 1/500 i UIOQ ifl{)(l 1750 !120 1/10 143 2
Mean flow | L1934} L195.9% 11959 1.196.0; 1.196.0¢ 1.196.1 1:396.21 1196.3F 11905
Max. flow | 1,193.4] 120051 12002) 1,199.90 1199.6] 119930 L199.00 LI9S.7 L1982
Mio. flow, 1.193.4] 1,104.90 14949 11949 L1949 119490 11949 1,194.9: - 1.195.0
3.6.4  Sediment Runoffl
As  mentioned before, - the ™ —
extraordinary flood occurred on ® kit
October 7, 1994 caused by ¢ x| N

~ outburst of glacial lake and flood = % wl m””’“wfgm% A

-affected so much that the fiver & 5% W ........ . ’4' 1

~bed of the Chang Chhu rose up . u BARA T

“by more than -one (1) m at ® o : -
o © % @ 5 0 L

Distance (m])

mote * Fiood o_ccu'-ed & Octoter 71234 Tme of pek foos - 0907 0Zhaxs

CROSS SECTION PROFILE OF WANGDUE
RAPIDS BEFORE AND AFTER FLOOD -

has risen up by, 100 ~ 1000 times of those. before the flood, and this pheuomcnon Ins

'j snll conunned even for six (6) momhs later as mdu,ated below.

Plagee o

‘\Wangdue Rapids

7|o e

o ap ; SR P
: faivence ofdutburstefgleciztlake ST : 4
2500 L - =Diseharge : . : [ . Y : ‘ £
o : : 2 -~Scdiments - : s . Ty % ' ,IOODE
Z 2000 ' ' ' o : e : b
. . o s N R o ae
1500 -3 ! oy . . L ’ Lo . IOG - o
8 : - : : &
2 |
¥ 1000 L H
a noog
500 . ]
+ . B
Q —— s P 3
| Yeur, i 1992, | 19912 i 1994 | _l-w_u

:; Thexetorc 1t is neucssary lo ncgh:ct the SS daia sencs aﬂer thc ﬂood Ior sedlmcnl

‘mnoft analymsm lheChangChhu basin. -~ - o S

Using the suspended sedumnt and the river discharge data al Wangdue Raplds and
Yebesa, the relationship between river discharge and suspended sedlmcm was
analyzed. The results are summarized below:.

- Wangdue Rapids SS = 0.00884 x Q°*
- Ycbesa §8 = 0.01086 x Q**"

" (Correlation Coeflicient: 95 %)
(Correlation Coefficient: 86 %) -
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where; 88 ©  Suspended Sediment (tfday)
Q : Daity Mean Discharge (m/s)

The sediment runofl at both stations was estimated using the actuval daily discharge
data and above equations. Approximately 414,000 t of annual sediment runoft’ was
cstimated at Wangdue Rapids and this amount is equivalent to about 745,000 nr *fyear
(110 m*/km’/year). On the other hand, approximately 140,000 { was estimated at
Yebesa and this also is expected to be 252,000 m'/year (100 m*/km’/year).

3.7 Agriculture
371 Land Uséin the St'u(ly Arca

The land use in the Study area was measured usmg the land use working map from the
Land Use Section, as shown below. -

Land Use in.the‘Study_ Area (ha)

Categoty ~ study Area o Sub- Arca
) C : " Lobeysa Bajo Phanguyl Rubeysa
¥ Forest : 1,066  (62.6%) 100 e T 12 (6.3 769 {68.1%) 10 (50.6%)
2 Agriculture - - : . I . : i :
Wetland Cultivated 1099 (169°)] 216 (528%)f 161 (BS2%)| 151 (333%| 0 28 (2500
Dryland Cultivated . 0 (0.0 e . (o)} o (ool B o] o (30%)
- Other Agrivulture T (%) 132 - {32.3%) e XS B 1T o). . 43 (49%)
~ Sub-Total . 1510 (242%)| 38 (851%) 166 ‘®78%) 270 (2a2%] 33 (3zecq
3 Orchard & llodiculluw_ 0 (0.0%) 0 (0'0"«) 3 DT L B 0 {0.0%) 0o {109)
4 Pasture ' 253 (390'-») : 35 (s G620} 0 (0.0%) SR R 80 (9.2%)
"5 Setfement | . : 93 (4 - o N BT e
"6 Others . ©OSIB - (BO%) 16 (. 90..) U - e (2o
CTotal Area L | 6500 nsoes 09 el 189 annee] - 1130 grouete K70 ey

E Note :-A_rca'\\as és[imatod_ hascd on the dala basc oflhc I,zmd Usc I’lanuiug Proiu\:l '
The Iand use of: the Study area and sub-arcas are |Huslrated n'the l*lg 3.7 l and the
’ f‘ollox\'mgs were found out dunng the ﬂcld work N :

k (1) Lobeysa dl1d BﬂjO Sub -areas
Most of the areas of the Lobeysa and the Bajo sub-areas are utilized as agricultural

land covering 85.1% and 87.8% of the sub areas respectively.” Most of the
cultivated areas within agricultural land are utilized as irrigated wetland and are

. located at !he bottoin of the va!ley ihc forest area covers only a smiall area of

these sub areas

(2) Phangyul and Rubcysa Sub aréas :

Some parts of the Phangyu] and the Rubeysa sub areas are ullllzed as agncuhura!

* land, which occupy 24.2% and 38.08% of the sub-areas respectively. Agricultural

" land in these sub-areas is located in the mountainous area, which has'a relatively
gentle slope. The forest area covers 68.1% and 50.6% of the sub-areas,
respectively. Coniferous forest is found in the lower paris of these sub-areas, while
broadleaf forest is found in the upper pats.
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3.7.2  Present Agricultural Activities
(1) Present Cropping Pattern

Crop season in the Study are_a'is broadly divided into two (2) seasons; monsoon
(rainy) and winter (dry) seasons. The present cropping pattern in the sub-areas is
illustrated in Fig. 3.7.2.

The main crop grown in the monsoon season is paddy, followed by winter crop
(mainly wheat and mustard). In the upland area which is under rainfed condition,
the main crop in the monsoon season is vegetables, but only a few arcas exists.
Recently, some irrigation canals have been improved under the Punakha -
Wangdue Valley Development Project financed by IFAD and in some areas
irrigation becomes possible throughout the year. In these areas, it is possible to
start land preparation for paddy even in February during the winter season, and
double croppmg of paddy is carried out even though such arcas are considered
sall.

Present major croppmg pattems in the Sludy area arc as follows:

'. 1) Paddy Wheat
ii) Paddy - Mustard
: ' -iii) Paddy - Fallow
% : 'iv) Paddy - Vegetables
v) Vegetables - Wheat

Paddy Qcalpiés about 95 % of ir(igatéd area during” the monsoon ‘scason. The
planted area of crops in the sub-areas are t'abulatéd bclow.

Pianted Area by Crops

- Lobc»sa ‘ "Bajo ] Plnngml _ Rubum‘

(Crop . Summer! Winter |Summer! Winter Summcr Wmlcr Summcr Winter' | Total

" Paddy 285 : 112 - - 64 i - 131 §: - 392

Wheat - 121 - s2 | - i 29 .+ 264

Mustard - 33 - Ml - i 8 S R () 7l

Others | 15 15 O .6 38 3 7 19 62
300 ;169 1 M8 i 72l 67 : 40 ] 138 - 8l

Toal [ a69 i 1w | 2i9 ] uss

(2) Present Farming Practice

Most farmers plant local varieties of paddy. Maap is a local red rice variety and -

~ Kaap is local white rice variely. Most people prefers the taste’ of local red rice
(Maap). Usually the farmers prepare the sceds by themselves. In case of the -
improved varieties of paddy, RGOB promots improved varictics such as 1R64,
No.11, IR20913, etc, and distributs sceds to farmers through the Agriculture
Extension Center under Dzongkhag.
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1} Paddy Cropping

The land preparation for single paddy cropping is started in the beginning of the
monsoon scason which is generally in the middle of May, and the land
preparation is carried out from the higher pant of area where water is supplied
fram existing canals. Depending on the amount of canal water discharge, it

- takes one or one and half months for the land preparation of all paddy area.

The transplanting is started alter land preparation from the upper part to lower
part, resulting in a difference of about one to one and half months in the

- cropping period between upper and lower parts. Usually, surplus water of

2)

upper terrace is effectively reused in the next lower terrace.

Winter Crdp

- As a result of interview survey, it was found out that the winter crop such as

wheat (variety: Bajoka, Sonalika, Local) mustard and vegetables are planted
after rice harvesting which is generally in the middle of October. The winter

- crop is also irrigated depending on the weather conditions, and the amount of
' canal discharge is quite low in (hat season but is generally enough for seeding.

_3).

Vegetables in Monsoon Season

" The vegetables of the monsoon season are cropped only in the areas with high
altitude where irrigation water cannot be abtained from any canal or small

" stream. These depend on the seasonal rainfall and the sceding is carried out

4

“with the first rainfall in April or May. Production also depends on the rainfall
f condition. - ' ' - ' '

Doiible'Crdpiuilmg'pf Paddy

Double cropping of paddy is foilowed in the areas with the improved irrigation -
canals constructed by the IFAD Project: espectally, suflicient irrigation water is
‘available throughout 'the: a Depending on -the cliniate conditions, ' fand
preparation is carried out in the middle of Febriary. The first rice cropping is -

harvested in July and the second rice cropping is started soon afler.

According to the data obtained during the survey, the avea under double paddy
cropping has_increased from 1987 in’the Punakha - Wangdue Valley, but
“double cropped ‘area has declined from 1992 The reason for this is reported

"!that double’ cropping.is possible only ‘where there is suflicient man power.

Accordingly double cropping has been well adopted for fapmers with smali land -
‘holdings. 1tence, farmers with bigger land holdings can produce suflicient rice

- for their own consumption by single cropping of rice.

Agricultural Equipment

" Various agricultural tools, instruments and equipment are also used to improve

the farming works. Due 10 road accessibility and more favorable topography,
power tillers are used for land preparation in the Lobeysa and Bajo sub-areas.
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In contrast, cattie plowing is common in the Phangyul and Rubeysa sub-areas.
Powgr tillers with {railer ‘are used for transportation of agricultural inputs
{(green manure, chemical fertilizer, ete.) and oulputs.

Livestack

Cattle perform the most important role for farmers as drafl animals and for milk
production in the Study area. Most farm houscholds have several horses, pigs
and poultry. There are certain numbers of cattle which do not produce viable

“amounts of milk and instead are used for the production of manure.

Cattle are classilied into three (3) categories; local cattle, cross bred cattle and
methane cattle. The most prevailing is considered to be local cattle. RGOB is
promoting  breed improvement, fodder and pasture development, etc., to
increase oulput of livestock products. Rice straw is used for livestock feed in
the feed-scarce winter season and wheat straw is used for tivestock bedding,

(3) Crop Yield and Production

The Gewog-wise data on planted areas, yields and production of paddy, wheat and-
- musiard in the Study area were obtained from the Agriculture Sections of the
‘Wangduephodrang Dzongkhag and RNRRC. The yield and production of the four
(4) Gewogs; Thedtsho, Rubeysa and Phangyul Gewogs in Wangduephodrang
Dzongkhag, ‘Babesa Gewog  in ‘Thimphu Dzongkhag and the wholc of the
\'&’angducphodrang D?O:lgkhag are estimated below. :

. Yield and Production of Major Crops

l'a;id) ; C . Wheal o . R \luxnrd

o Gewog k‘;\rea(h‘a) Prod. (1) | Yield(t'hay| Areatha) | Prod.(1) \’ield{!_g;)‘ TArea(ha) f I‘rod(!) "luldu,lln)

| Tapisa RN T gl '26?—' T 16] SAf o s 5! RTIN
cocobhdngwtc |0 4000 12680 . 36l 3w 0 isky harp o ode) 0 8t 08D

¢ Thedishe | S deny P126% ] 0T BT LS IR ] IR ¥ ¥ N TR 1 083

: Rubc_\%-'a : C63el 1y 316‘ .:»'4 D66 Lnse) '141 120 0.8

| Based on {hcsc dd!ﬂ of crop ylcld and producllon producllon ot each sub-area was
estimated as follows

Crop Yleld and Produchon in Each Sub—area

P;h;l-.‘]_'. 1 “hmi - ) SO Musted

Sub-Area 0 | Areatha) | Vicddihe) 'i‘y&ij&Z{f ‘ZGZ{ﬂ;i‘i '..‘unm)[ Trodui) | Arehay I‘nddulm) rodutin

D Letuysa C S 267 7 mr Y T “i BT RN
C e 132 ‘3,16 oo 54 : SiZwL 147| ) 76 :.”i' . asy n:
. Fhangwl BN 1 LAY I .2, 147i E L I s; T 083 7.
Ruboysa i A} 28] 4l 1 8% 1.50; 87 16, 08 LR
Total ER S 1,73 w0, - [ 365 TR R

Paddy production was estimated as 1,731 t in the above four (4) sub-areas and
average yield was estimated as 2.90 t. Total production of wheat is 365 ¢ and yield
is 1.40 t/ha in the same four (4) sub-areas. ln the case of mustard, production is 65
t and yield is 0.91 v/ha. The vegetables grown in the Study area are chili, tomato,
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onion, radish, cabbage, cauliflower, beans, etc. These vegetables are cultivated in
small ficlds or kitchen gardens near farm houses.

3.8 Water Supply

3.8.1

Urban Water Supply for Wangduephodrang Town Area

(1) Water Supply-Sjrstem

Fig. 3.8.1 shows the localion and layom of the urban water supply system for the
Wangduephodrang town area. The supply system was constructed in 1969 with the
assistance of India diverting the river water from the Pe Chhu, a tributary of the
Dang Chhu. The system consists mainly of intake facifities, conveyance pipelines,
water distribution station and distribution networks in the town area as summarized
below.

1)

* flows into the open canal directly by gravity, and the water for domestic water '
supply is again diverted from the canal to the gril chamber for removing coarse
. sandds and heavy suspended solids. The irrigation water flows in the open canal to

- the command aréd in the Bajo sub-area.

2

o ’I he Bajo 1rngalton ‘canal was used for Oty eymg ‘the domesltc water also, whcn the
_supply systein was constructed in 1969. Due to detenorahon of water quahty D
~cortuption, about nine (9) km of 4 steel- made high densuy polyethylene -
-(HDPE) pipeline was constructed along the national road belween Chhuzonsa =
cand Wangduephodrang in 1991 under the UNICEF cooperatlon Al prcqem lllb. '
‘domestic water is conveyed mainly by the plpelmcs ' '

: _';4)

hmke Facilil.ies

The intake is f-ttuated at nghl bank of the Pe Chhu 1.0 km upstream f‘rom the
Chhuzonsa, where the Pe Chhw flows directly into the Dang Chhu. The river water

Water Conveyancé Pipelines

Water Distribution Stalion

The' water disiribution station for the Wangduephodrang town area consists

mainly of plain sedimentation tanks with a total capacnty of 950 m', and water

distribution tanks with a total capacity of 600 m".

Water Dssmbuhon Network

;\cc'orcling" to the Dzongkhag PAVD section, the pipeline.net.\\.’orks over 6,500m .

': tong was installed in 1969 for distributing the treated water to the houses, oflices,

etc, consisting of steel galvanised pipes (SGP) and high density polyethylene pipes
(HDPE).

®




Chapter «3
(2) Operation and Maintenance of Water Supply System

An intermittent water supply is conducted at present for operating the water supply
system in the Wangduephodrang town area. Three (3) times of supply is made a
day; three (3) hr in the morning, 2.5 hr for lunch time, and two (2) hr in the
evening, totaling 7.5 hr a day. The operation and maintenance of the supply system
is managed by the PWD section of the Wangduephodrang Dzongkbhag as shown
below.
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The ldlal of 64 villages/communities were_ide_miﬁed in the whole Study area; 21, 8,
I8 and 17 villages/communities in l.obeysa, Bajo, Phangyul and ‘Rubeysa sub-
areas, respectively. The number of households and population were estimated as
627 and 6,684, ‘respectively “in the whole’ Study arca’ The locations and the
Summary of dentified Villages/Communities . : ‘

3
H

.. .Present Population | o+ | Present Population .

_ Houschold | Populat- | - ° . | Houschold | Populatic -
Villages/Comnmnities ion Villages/Conununitics R N
Lobeysa Sub-area Yy - 3,086 Phangyul Sub-arca 156 :i-1,139
Babesa Gewog 134§ 2,604 Phangyu! Gewog 156 i 1§59

o ThetsoGewop A3 1 82 |

Bajo Sub-area s 981 Rubeysa Sub-area 179 1456
Thetso Gewog 58 496 Rubeysa Gewog 102 744
Lingbukha Gewog 3l . 250 Jena Gewog 61 616
__Bab¢sa Gewog 26 237 Thetso Gewog 13 96
- - - Total 627 i 6,684
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households and population of the villages/comnuinities are presented in Fig. 3.82

and Table 3.8.1, respectively. The “gewog-wise number of households and
population are summarized in the table presented in the previous page.

(2) Present Rural Water Supply System

There are many villages which have the water supply systems constructed with the
UNICEF’s assistance. In the Study area, 31 UNICEF’s schemes are found, and
most of them are generally considered 1o be operated well though some stand pipes
are found to be out of order. The system consists of stream or spring intake,

transmission pipeline with valves, break pressure tank; clear water reservoir,
distribution system, tapstands, and sedimentation tanks. In Bhutan, the UNICEF’s
contribution to the rural water supply is remarkable and -successlul, and its-
assistance services are found to be active. Their assistance were commenced in the -

peried of Fourth Tive Year plan (1977 - 1982), and about 1790 schemes have been
~ compteted so far under their assistance.

The present situation of water supply in each sub-area is described below.
1) Lobeysa Sub-area

~ The Lobeysa sub-area consisting of 21 villages/communitics has a population
~of 3,086 and 177 houscholds inclading schools and government offices. Out of
‘these 21 villages/commiunities, 7 villages have schools and government offices.
I is observed that only two (2) villages do not have any water supply system
carrying their water froin the existing springs and irrigation canals available
“near their houses. There ‘are eight : (8} water supply: schemes funded by

UNICEF, “and 12 villages/communities are provided with the schemes of

UNICEF. The other cdnmm‘_milies which are provided with water su_pply

‘systems are considered 1o be goverument, offices, and they have the systems

constructed by their respective government organization such as MOA, MOI,
'RBA, GREF, etc. Most of the existing system takes ihe water source:in the
springs in and around the sub-area. The population 0f 2,729 equivalent to 88 %
of  the total ' ' :

N . Present Water Su:pply Situation in Lbbeysé Sub-area
population 18 at

table.

~ present served by TSemved by |
+ - the present water . ‘ | Existing o
supply systems in: ___ O lten Total . i System : Perecnt:
the  sub-area ~ as | Population 3,08 ¢ 27129 88
R Houschold 177 % e i -
summtarized i the X . U { :
) ~ No. of Villages/Comnunitics 21 A9 -

2} Bajo Sub-arca

There arc eight (8) villages/communities in the Bajo sub-area, and only one (1),
DSC/AMC, is considered to be a government ‘office.  Half of the
villages/communities are considered to be left in the condition without any

- adequate water supply system, and the villagers have to take their water from
existing irrigation canals running near their houses. Out of the total population

i-y

e




a)

of 983, only 353
persons which is

Chapler o3

Present Water Supply Situation in Bajo Sub-area’

equivalent to 1"3;‘3:;‘

g 0 I
about 36 % are at Hem Total System Pereent
present serv ed by Population 983 353 36
the exisling water  flouschold 115 30 -
supply  schemes. _No. of Villages/Communitics 8 4 -

There are three (3) water supply schemes constructed under the asmtance of
UNICEF; Proper Bajo, Wangjokha and Matalumehu. The DSC/AMC offices
are provided with the supply system constructed by MOA.

Phangyul Sub-area

18 villages are identified in the Phangyul sub-area, and total population and
total number of houschold are estimated as 1,159 and 156 with the average
population per household of 7.4 persons. Most of the villages are located on
the high hilly lands along the.valley of the Dang Chhu.

" Nine {9) villages in the sub-area do not have any water supply system, and 745

persons are leflt without any supply system. There are seven {7) UNICEF
schemes, and two (2) private schemes in the sub-area. Only 414 population is

served by these
existing supply

;Rubcysa Sub-area

1,006 of population

is considered to be

Present Water Supply S|tuat|on in Phangyul Sub -area

No. of V:lla gcstcmummncs

schemes at present, i Scrved b\
-and this value is : Existing | -
“considered Item Total CSysiem Percent
Population 1.159 114 36
equivalent to onl P . ]
,329/ y Houschold 136 3 -
o .9 P9 .

In lhe Rubeysa sul:- -area, mere are 17 w!lagesfconmmmllcs Identlﬁed and out
Lof'them 13 v1llages are prowded with the UN[(;LF s water supply scheme As
shown in the table,

Present Waler Supply Situation in Rubeysa Sub-area '

o Sen'cd by

provided with . 1 Exisling ‘
proper - waler e Total i System | Pergent
supply system' out ~ Population LAS6 1 1006t 69
of the total Houschold : 179 4 }43‘ ' .

. + _No. of Villages/Communitics | 17 3 7 -
population of :

. 1,456.
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" (3) Present Operation and Maintenance of Water Supply System

The services of national level such as planning, ete. are taken up by the Public
Health Engineering Section of PWD of MOC, while the Rural Water Supply &
Sanitation Section of each Dzongkhag takes care of the implementation.

T | LI T T
- ! H
E¢ | Tresipn & Estitote I Distituding Materiats
] | 3 (3
g i (FHEPWD, H O (PHEPR D H Oy
X A i
% £80 | - T n
3578 | i | t ]f l ﬂ { g
| 1
el (A A
Appiovid of Schenes Detaided Survey & Water Constyuetion & Hundover o Schenx @
{Dizergkdug's Fiscad Yearp-—— o Swopling Supe rvishoen > Bonzdl S
© Friority) U] tDzongkag Engineer) tDangklog Ergiver) thzongkhop Englireash

- : 1

Scrutinirig Schenes at
Dzongklog Leve 1 DYT)

PWD Section of Ozongkhag
(Dzongkhag Engunesr)

Listhg L;I'_Schn'nw:s ot f
Gewop Level{GYT)
7

, Mabtanancs of Schetne
P

Buparicss i B4

§ Beneficiaries of Village |

: s . S OVT Doonghlug Vatghy Tshophipg

PROCEDURES TO IMPLEMENT RURAL WATER SUPPLY SCHEMES ™ IR %

~ The above figure’ schematically presents the procedures to implement the rural |
- water supply schemes. ‘The beneficiarics  consisting - of ‘more than five (5)
“households present their requisition for the necessary water supply system,. and
“such requisitions are scrutinized by the Dzongkhag Engincer for- selecting: and
prioritizing of water supply. The detailed survey and sampling of thé raw water are
- conducted by the Dzongkhag Fngineer. The results of such survéy are transferred
to the Public Health Engincering Scction of PWD in MOC Head Quarter for
further detailed design and cost estimate. The procurement and delivery of the
necessary matetials are controlled by PHE/PWD of MOC: Head Quarters. The
construction of the supply system is conducted under the supervision of the
Dzongkhag Engineer with the materials delivered at the site. The common labors
necessary for the construction works have to be prepared by the bencficiaries
themselves. After the completion of the construction, the system is handed over fo
the beneficiaries for the operation by them. The operation and inaintenance of the
waler ‘supply system handed over have to -bc conducted by the beneficiaries

themselves under the supervision of the Dzongkhag Engineer.
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 Fig. 3.7.1 -LAND USE IN THE STUDY AREA (1/5)
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. Chapterd
4. WATER RESOURCES POTENTIAL

4.1 Outline of Present Water Use
The following four (4) categories of water resources are available in the Study area.

- Surface water flowing in the perennial and seasonal rivers and streams.

- Sub-surface water flowing in the gravel zones underneath of or near by rivers.
- Groundwater available in the river terrace deposit.

- Spring water stored in the land slide blocks in the hilly areas.

Among them, the spring water and the stream flow originating from the spring are at
present utilized for irrigation and domestic water supply purposes. No other purposes
of utilization such as industrial purpose are not identified in the Study area at present,
and such other purposes are neither planned nor scheduled in the future according to
the Dzongkhag Administration. S

{1) 'Lobéysa. Sub-area

In Lobeysa Sub-area, the irrigation water is supplied by the river water of the “Tabe
* Rongchhu through the existing Upper and Lower Lobeysa Canals. The rural water .
supply by schemes censtructed by the Dzongkhag under the UNICEF’s assistance
~ contribute for the supply of safe water in-this sub-arca. The UNICFEF’s schemes
" take the water from the spring near the villages, and the other waler supply systems
* of the government also take their water from the Springs. P

@ Baj_o Sub-area

The irrigation water is taken from the Pe Chhu through the existing Bajo canal,
~ Thé surface water of. the Pe Chhiu is used for the urban water: supply for the .
- Wangduephodrang town area as well. The water supply in this sub-area depends .
“yhainly on the spring source in' the’ hilly area: Villagers'who do not have any
* adequate supply system have to take the water froni the Chang Chbu or irrigation
canals for their domestic and drinking purposes at present. R

(3) Phangyul Sub-arca

‘Thére are some irrigation canals to supply irrigation water in the Phangyul Sub-
area, and these canals originate from the perennial streams located at higher hilly
areas. The mral water supply schemes are also identified as UNICEF’s scheme.
'Such schenies have the water from the nearby springs: The villagers having no -
scheme take the water from the small seasonal streams or the pools formed beside |
small springs. ' o

(4) Rubeysa Sub-area
There area some UNICEF schemes in the sub-area, which utilize spring water. The

irrigation water is supplied through some irrigation canals in the area taking the
water from some perennial springs flowing along the steep valleys in the hilly areas.

§-1



The Study on Groundwatsr Development in Wagduephodrang Distreet of Bhutan

4.2 Experimental Facilitics
42,1 General
(1) Objective and Concepts

The experimental facilities were constructed to study on the appropriate
development measures of the waler resources which include groundwater, spring
water, sub-surface water and river water. The most ‘appropriate development
measures of water resources have been’ studied and evaluated -through the
construction, - operation/maintenance and monitoring - of these  experimental
facilities. It is certain that the experience gained by this study would help to
establish the adaptable and sustainable water resources development systems as
well as their wide utilization in similar arcas in Bhutan.

During the ficld survey period, a series of held reconnaissance surveys were carcied
out to examine the construction conditions and to confirm the willingness of the
government staff as well as the local people. Based on the results of such field”
reconnaissance survey, the proposed experimental facilities were selected among
the various alternatives putting emphases on the followmg considerations.

- Sustainability and adaptability of the facﬂmes

- Smooth and painless mtroducuon of the {'amlmes as the woiks of fulurc
. projects

--. - Patential ofproposed water sources

. Cons{mctlon conditions of the proposcd site

- Neccssary construction period

(2) Proposcd Schcmc | R

’ "Bascd on the conSIderauons above mennoned the 1ollowmg foul {4) Lmds of
water resour¢es cwplmtab!e in and around lhe Sludy area were proposed ‘

- Grou’ndwatier'schcme
-+ Spring water scheme

- Sub-surface waler scheme
- River water scheime

Al of them arc considered important and essential to niitigate the constraints of the
'presem water utilization in the area. T herefore, it is proposed to select the facilities
s0 as to represent each kind of water source, and it is nccessary to consider the
:u:.tamabihly of these facilities.

Thc 'cxperimenlal facitities were constructed in four (4) months period from
November, 1994 to March 1995 by a locat contractor under the supervision of the
Study Team. After the completion of their construction, monitoring works were
carried out to collect the necessary data and information for confirming and
examining their adaptability, applicability, sustainability and functionability as well
as establishing the most appropriate development measures.
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The locations of the facilities are presented in Fig. 4.2.1.

" (3) Monitoring Works

After completion of the construction of experimental facilities, the monitoring
~works were commenced in order to evaluate the performance, applicability,
technical feasibility efc. of such facilities. The monitoring works were continued till
the end of August 1995,

The items presented in Tig. 4.2.2 were monitored. The monitoring formation
described below was applied, and whole of the works were carried out’
satisfactorily during the survey period. '

1} Formalion of Monitoring Works

The monitoring work broadly consists of the opcration and the observation

works. The operation work is to operate and maintain the installed equipment
- of experiinental facilities in a favorable condition, and the observation work is

to conduct the collection and recording of the‘nccessaiy:dala for |_non'itoring_ '

Since lhe solar powered pumpm5 facility (groundwater scheme) and the shdc :
- type pumping station (river water schemc) are located in the fanm yard of -
“RNRRC in BEUO the operation of such facility was conducted by the slaﬂ of
“the RNRRC. The routine’ and periodical - observation works were also
“conducled by skilted technician and those works were mspectcd by qual:l:cd
-’ engmeers during the operation period in o_rdcr to ensurt; t!le proper o;mcrauon
(As for lhc sprmg water storage facal:ty (sprmg water schcme) in lhc l'hanb) ul '
;Sllb -area and the shallow well pumping fac:hly (sub-surface water scheme) in
the Bajo sub-area,’ it was considered posssblc to opcrale such facilities: with a
‘certain skill as well as to monitor their performance The' routhie nu:nmormjD
‘works was, therefore, conducted by local people to mitigate the work loads to
the limited numbers of government stall as well as to facilitate  the
demonstration effects of the facilities.

The meleorologlca! records requmd for momtonng, were collcued and
compllcd by the counterpatt stafl in RNRRC office. In order to ensure the
observation works, the observation works was carried oul by RNRRC Qiaﬂ and
local people at cach site of experimental facility under the managenum “and
control of the project’s counterpart stafl who had panhc:pa!ed in the Study on
experimental facilities since the initial stage. The observation data was rccorded
in the monitoring record books attached to each experimental facility whenever
such monitoring works were done. The formation of the above moniloring
system is itlusteated in Fig. 4.2.3.
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