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APPENDIX G

_The Study on Groundwater Develepment in Wangduephodiang Distact of Bhutan

APPENDIX-G  DOMESTIC WATER SUPPLY SYSTEM

G4 General

The objectives of the study on the water supply systems are as follows:

1} to clanify the present situation of the water supply systems in both lhe Wangduephodrang
. town arca and rural areas of the study area,
g 2) to work out the present and future domestic water demauds for establishing the Water
Resources Development Basic Plan of the Wangduephodrang District, B
1) to establish the Urban Water Supply Plan of the Wangduephodrang town area

#

" ln a sene_s of field surveys and investigations which have been cén_ducled so far, the available
data and information necessary for fulfilling the above objectives were collected and reviewed,
and some field surveys including interview surveys were also carried ont. Based on such data

- and information collected through site investigations, etc., varous sludws and analyses were

conducted in order: :

- “ito estimate the present and the futme water demands to C\almm lhc plesult and the future
-waler balame sludles P L

<10 fmd out the reqmred fture mlpm\emcm cflhe plesem water sumﬂ) systems in 1 the
“sludy area on the prelnmnary basis, in ordcr to resolve the problems and constraints of the
present system, ‘ : N

- o eslablish lhe izilplclmleilfalion schedule ‘to' a‘chieve. ihe projccted eﬂ‘ecls as cnvisau,ed. and

- to esttmate lhe pro;cct cosls necebsa:y " for- unplmncntmg the schcnm Ii‘ttllldlm_,_
; _dlshurbemcnt schedule : - :

: '_G.Z Prcscnt Sltuauon ol‘ Watcl Supph S)slem
G.2. 1 Urbdn Watcl Supply Syslcm I"m angduephodmng Iu“n Atea |
(H) Wangduephodraug Town

- Wangduephodrang towi is located at the junction of the Chang Chhu and the Dang Chhu,
- and its population is estimated as about 8,350 consisting of about 6,030 residents and
C 102,320 v:sators The town area extends mam!y on the hilly plain of about 100.m higher than
" both river beds as shown in Fig. G.2.1. Most ‘of the plain lands are occupied by the RBA
g -7 compounds and {he government offices, and the residential ‘arcas extends ‘on the sloped
lands surroundlng these plain Iands The main commercial area- is at’ present temporarily
~ located along the ‘Tongsa road running at the center of the town These temposary - shops
and restaurants are planned to be transferred to the sloped area located in the west of the

town area near the Chang Chhu according to the future towa plan proposed by PWD.
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(2) Present Urban Water Supply System

Fig. G.2.2 shows the location and layoul of the urban water supply system for the
Wangduephadrang town arca. 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 facilities, conveyance pipelines, water
distribution station and distribution networks in the town area. The details of each tacility
are explained below.

)

2)

Intake Facilitics

The intake is sitvated at right bank of the Pe Chint, 1.6 ki upstream from the Chhuzonsa,
where the Pe Chhu flows into the Dang Chhu. The river water flows directly into the 1,000
mm (w} x 500 mm (d) of concrete open canal by gravity. The raw water for water supply is
again diverted to 800 mm (w) x 400 mm (d) of open canal, and then is treated by a grit
chamber with a capacity of 70 m' (R.T for 1.5 hr} to remove coarse sands and heavy
suspended solids. The irrigation water flows in the open canal to the command area in Bajo.

Water Conveyance Pipelines

' "The Bajo irrigation canal was used for conveying the domestic water also, \.'\'hCII the supply
system was constructed in 1969. Due to deterioration of water quality, “about. nine (023
kin of 4"-steel-made high density polyethylene (HHDPE) pipeliie was Lonslrmted'

along the national road between Chhuzonsa and Wangduephodrang in 1991 under the

- UNICEF cooperation - At present, the domestic water is conveyed mainly by the pipelines,

and only in the irrigation period during the wet season, the canal water is diveried at the

) dlqmbunon slauon site 1o a certain extent to fulhi lhe preseént demand of domc:lu, water:

CAtthe most upstream p()ltlon two (2) lines of 4" gdl\'amsed stecl plpCb {'S(JI‘) LOII\L} raw
water with a flow rate of 8 Usec (29 wi/hr) in average {0 lhe dlslnbutuw station. The
middle poition of the conveyance pipeline is two (2) lines of 4" HDPE buried along the -

‘road to Wangduephodrang towd. lhe last poauon of the p:pdme near thc dlstnbulmg

station is 3" SGP :

Water Dislribulion Station

The water dlslnbullon s!aimn 101 the Wanglucphodrang (own area consists mainly of

‘plain chlmemalion tanks with A total capacity of 950 ar', and water distribution fanks

with a total capacity of 600 w'. The raw water conveyed by the pap:elmc from the intake

sites in the Pe Chhu'is received at the distnibution station, and I]ows into the sédimentation

tanks through a 300 mm wide bailled open channel, and aller removing sediments, it ﬂow
into distribution reservoirs as shown in Fig. G.2.3.

-2
e
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4) Water l)lslnbuhon \kztwork

According to the Dzongkhag PWD scciion, the pipeline network over 6,500m long was
installed in 1969, which consists of 4" SGP for 200 m, 3" SGP for 1,500 m, 2" SGP for
800 in, 11/2" SGP for 220 m, 1" SGP for 1,000 m, 172" SGP for 2,000 m. The existing
layout of such distribution networks are surveyed.

(3) Present Operation and Maintenance of Water Supply System
1 ppiy oY

 An intermittent water supply is conducted at present tor operating the watc: supply sy:,tem
in the Wangduephodrang town area. Three (3) times of supply is made a day; three (*) hr
in the morning, 2.5 hr-for lunch time; and two (2) hr in the evening, totaling 7.5 hr a day.
An operator of the Dzongkhag stafl’ stays beside the distribution station to take care of the
station including tirning the valves in the station on and ofl. The operation and
maintenance of the supply system is managed by the PWI) section of the
Wangduephodrang ])mngkhag, as shown be!ow :

) , Ministry of Conmunication (MOC) |

T
: E Secretary (PWD) -
|  Dicechor (P'wmj
1 T
: BT RN Tridge &
i < Denelgnian Mulels nk
b et

- e
3 ’\dolu'u i it § -
LA IO . Tuw

Crty P hing Un:wt

© Thimphu and
Fhuntshaiing Gy
Corpofations

& Mulheck
Eection

r=~|_‘n-sim Fealar]

%i o o - ORG!;LNIZAHON CHART OIIZ 6!TY URIS:AN AND RURALWATER SuPPLY
(4) Preseat Water Consumption
1) Supplied Watér
The vanahon ot water level was observed at the distribution tank, 1o measure the

actual water consumption. As a result, about 780 m'/day of treated water is distributed
to the town area by the distribution station with the maximum and mininwim tlow rates

G-3
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of 110 m*/hr and 53 m'/hr. The water is distributed only f‘or 75hra day inter mlltcmly
The water consumption per capita is calculated (o be about 125 Vday considering the
present population of 6,035 and day visitors also use some amount of water. The
following figure shows the variation of water levels in the existing distribution tanks
and the distributed water discharges observed during the ficld survey.

00— e - wrees e - s - 006

Fresent Condition (Reservoir Capacity: £80 m") %

Fresent Condition g

520 . ' o.0% ;
Stopping Senice " Stopping Sendce  Stopping Sevice Stepping $enice

100 PRSP | ] R X A LS - B IR

Balance (m™)
T
[55)
P9

=
=]
- -

p=

=

ot
Discharge (m” .f\)

n
Yot
cod === Ralarice B O ation —— Ont-fow Thacdarge S el flisdenip

PRESENT WATER BALANCE OF DISTRIBUTION TANKS

- 2) Water COnsumpiion"

Ihe supplied water volume is quite different tfrom place 1o place dependmg, on the
“topographic and hydraulic conditions of each .
location. The field survey on the aclual water ~ Present Water Consumption Pe*r :

- consamption was carried out in some sefectled - e Capna' — _
arcas where the supphcd water is considered : - _Description — ‘0"5‘""9“0“
abund I W wducohod . Tl -~ Cloth washing (L aundr\) 3 el
abundant in the Wangducphodrang town. 1e:_.[l,lmm : L s

‘daily | water - comumpuon per capita is: B‘uhmg
iconscqucn!ly estimated to be 75 Vday under _Cooking -
the present life style as shown'in the table. .~ __ Total_

Ao
10 Ifc!(lmir___ o
7* Ifrefd -

“The physical loss is calculated to be about 50 Iday per capita, deducting the above.
constmpiion per ca;nta of 75 I/day from the obscwed consumption per capita of about
125 lfday '

(-.2 2 Rumi Wam Suppl) S}s(cm
(l) Vlliagcs and Cmunmmlles ldemlfed e ‘ L g

Field suwe)s were conducted to idenuly the wllages and communilics [ocated in each sub-
area, and population, number of household and present situation of water supply in ‘each
wllages/commumiles were also surveyed. 'As a result, total of 64 villages/communities
were identified in the whole study area; 21, 8, 18 and 17 villages/communities in Lobgysa,
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 area.

G-3
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The locauons and the houscholds and population of the villages/communitics are presented
in Fig. G.2.4 and Table G.2.1, respectively. The gewog-wise number of houscholds and
population are summarized in the table shown below.

Summary of identified Villages/Communities

B _ Present Population . | 1. Pn,scnl Population
%g 7 o “Houschold Populallon ' _ » liou:cho! Population
e Villages/Commuihitics ~ b Villages/Communitics d _
Loboysa Sbaren | 121 | 3085 | Phangl Subawen | 056 1139
Babcsa chog C 1 2604 | Phangyvul Gewog 156 i LI1s9
Bajo Subarea s 983 [ Rubeysa Sub-arca 179 1456
Thetso Géwog 5% 196 © Rubeysa Gewog 12 744
Lingbukha Gewog 3l 250 Jena Gewog ’ 64 6lo
Babesa Gewog 26 237 Thetso Gewog 3 96
- - P - Total 627 1 6084

(2) Present Rural Water Supply System

- The presenl situation of the rural water Supply s also surve yul wl!ag,e by wilage The
availability of supply system, source of water; houscholds and poputation served, type of
supply scheme etc. of cach vﬂlagc/commumly are prcsenled m T able 6.2.?.

@ _ ‘As shown in the lablc there are many v1|!agcs wh:ch havc the water supply systems
) constructed with the UNICEF’s assistance. In the study area, 31 UNICEE’s schemes are
~ found, and most of them are gencrally considered to be operated well though some stad
pipes are found to be out of order.! The System consists of stream or qpxmg intake,
transmission p:pehnc wilh valves, break pressurc tank; clear water reservoir, distribution
system, tapstands and sednncntatlon tanks. In Bhutan, the UNICEF’s contribution to the
- rutal water supply is mmarkabfc and successful and its assistance services ar¢ tound to be
aclwe “Their assistance were cominenced in the penod of Fourth Five Year Plan (1977 -
| 1982), and about 1790 schemes havc bcen complcted S0 far lmdcr lhcar ass:stance as
~ shown in Table G230 : Dol

- The present silu'a'lion of water supply in cach sub-area is described below.
1) l-bbeysé Sub-area

, The Lobcysa Sub -area conalslmg of 21 \'ll!ag,csfcomnmmlles has a popu[anon of 3,086
% _ ~and 177 households including schools and government oftices. Out of' these 21
villages/communities; there afe schools and govcmment offices in seven: (7) villages.
The average size of a household is calculated to be 8.7 persons based on the values
counted for the rest of vﬂ!ag,eqf’commuml:e:. :
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it is observed that only two (2) villages do not have any water supply system carrying

their water from  the Present Water Supply Situation in Lobeysa Sub-area

existing  spiings  and — _

irrigation canals available  Served by |

1ear their houses. There | Existing

y . a ' Tiem Total System Porcent

are eight (8) water supply  “poputation 3086 219 1 88

schemes funded - by  Houschold _ 177 EUI . 2
UNICEF, . and 12 No. of Villages/Comnuunitics 21 1y i - %é

villages/communities are provided with the scheme of UNICEF. The other
communitics which are provided with water supply systems are considered to be
government - oflices, and they have the systems constructed by their respective
government organization such as MOA, MOI, RBA, GREF, cte. Most of the existing
system fakes the water source in the springs in and around the sub-area. The
population of 2,729 equivalent to 88 % of the total population is at present served by
the present water supply systems in the sub-arca as summarized in the table.

© 2) Bajo Sub-area

“There are eight (8) villages/communitics in the Bajo sub-area, and only one (1), -
© DSC/AMC, is considered to be a government oflice, The average number of persons
of a houschold is calculated to be 8.1 persons based on the population and the number

of household of the villages of this sub-area. - R :

“Half  of the | Present Water Supply Situation in Bajo Sub-area
villages/communities  are B e —
considered to be lefl in the Servedby |
condition - without ~ any e P bisting
RIREIN : Yo : ltem Total 1:' System i Peréent

water ‘supply system, and Tpopgiation 983 333 i 36
the villagers have to'take . Houschotd - 15 BTII EE
their twater front existing _No. of Villages/Commumities | -8 S L

irigation canals running near their houses. Out of the total papilation of 983, only 353
persoris which is equivalent to about 36 % 'arc at present served by the existing water
~ supply schemes. There are three (3) water supply schemes coistiucted under the
“assistance of UNICEF; Proper Bajo, Wangjokha and Matalumchu. The DSC/AMC
offices are provided with the supply system constructed by MOA. The present
situation of water supply in the Bajo sub-area is summarized in (he table.

. 3} Phangyul Sub-arca
© 18 villages are identificd in the Phangyul éhb-arcéx,' and total popufation and total g}
- pumber of household are estimated as 1,159 and 156 with the average population per:

* houschold of 7.4 persons. Most of the villages are located on the high hilly lands along.
- the valtey of the Dang Chlwi. o

G-6
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Nine (9) villages in the  present Water Supply Situation in Phangyut Sub-area
sub-area do not have any

water supply system, and F Served by

745 persons are  lefl " ot f;“f‘l““g bercenn
. , ot otal. | Svstem i Percen

without - any supply ol 1139 36

system. Such villagers 0 156 57 )

who do not have proper No. of Vil]a%sl(fonimimitics 9 D S R

supply system have to

take water from triigation canals or cx:slmg springs. There ‘are seven (7) UNICEF
scheimes; and two (2) private schemes in the sub-area. Only 414 persons are served by
these existing supply schemes at present, and this value is consxdcred equivalent to
only 36 % as shown in the above table.

4) Rubeysa Sub-area

In the Rubeysa sub-area, there are 17 villages/communities identificd, and out of then
13 villages are provided with the UNICEE’s water supply scheme. The population and
the number of households are. eshmaled as 1,456 and 179, respecuvcly and the
~average . population - per
* houschold is calculated to ~ Present Water Supply Sntuat:on in Rubeysa Sub .area _
~be 8.1 persons.” As shown -

in the table, a population . ; o Stf“-‘db\ =
- of 1,006 is considered to ' ' SRR Existing P
i S Lo . Item C Tolal Systein | Perceat:
be prowded w,uh proper: Population . 1456 1006 - i 69
‘water supply system out ' yroncchiold S 179 T
of the total populalmn of No. ofVllIa;,chomnuunlus SRR VI R L

11456,
(3) Present Opcranon and \hmtenance of Water ‘Supply Sy stem

E’lhc services of nalional level such as planmng etc. are taken up by lhc Pubhc Health _
fl*ng,meelmg, Section of PWD of MOC, while the Rural Water Supply & Samhl:on Seclton
‘of each Dzongkhag takes care of the implementation.

iR TR

rnm nalnnieg:

“The above figure sche-

n;;l e
| avove figy i ;‘.::11;“.1:: Wi e |
matically . presents  the i h!“} e |
procedures ‘to implement 1L1}L j;ﬁ’,i[[[f[ﬁﬂ el

ol s & Wen =23 Lo e
Sypgduy T Sigenian
=1 roggEngueed freee o b Engicnts)

the rural water “supply - §

- schemes. The beneficiar- -

- _ies consisting of more - { 3
‘than five (5) households §
present  their requisition g
for the necessary water gusgamgrp o
supply system, and such : {2"’;“!5‘.‘?:2:‘5
submitted requisition are ? ;
scrutinized by the é ’
Dzongkhag Engincer for A A e
selecling and prioritizing PROCEDURES TO IMPLEMENT RURAL WATER SUPPLY SCHEMES
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of water supply. The detailed survey and sampling of the raw water are conducted by the
Dzongkhag Engineer. The design is transferred to the Public Health Engincering Section
of PWD in MOC Head Quarter for further detailed design and cost estimate. The
procurement and delivery of the necessary materials are controlled by PHE/PWD of MOC
IHead Quarters: The construction of the supply system is conducted under the supervision
of the Dzongkhag Engineer with the materials delivered at the site: The conmon labors
necessary for the construction works have to be prepared by the beneficiaries themselves.
After the completion of the construction, the systeni is handed over to the beneficiaries for
the operation by them. The operation and maintenance of the water supply system handed
over have to be conducted by the beneficiaries themselves under the supervision of the
Dzongkhag Engineer. '

(5) Present Water Consumption

Some field surveys were condiicted to grasp the actual water consumption in the rural
areas. As shown in the tight table, the total  Surveyed Water Consumption in Rural

consumption per capita is obscrved to be 48 Areas-
- day. S —
_ o : : Description . -1 Cousumption
_According to the UNICEF’s guidcline, the g?::l:“h"'g (Lfr’"“dr“') " 2{::132
water supply system to be constructed in il pabing 10 Vie/d
. -areas should be designed based on the water  Cooking ol T o led
" demand per capita of 67 Vday, which is T polt 43 Yfeld
obtained muliiplying the consumption of 45 . . . .
 Vday with 1.5 considering the further increase Population Increase in Rural Aeas
' pf population. This increase is transiated to an — P - :
annual Popuhtion increase of about 3.4 % as - poupion 1995y [ 2002 | - Y07
shown in the above table. = T 0 136 - | 10

G.3  Population Projection and Water Demand o
_G.S.l' wWangduephodvang Town Avea 1
(1) Present Poptilation-Sen*ed and Scrvice Area

The present water supply system covers the whole towi area of about 110 ha, and all of
the population therein is considered 1o be served by the present system with an internmnittent
~ operation. The ficld survey was conducted during the ficld survey period to roughly grasp |

the actual ‘population in these areas, -and consequently the present” population was
~ estimated as 8,355 for 1995 including the day time visitors of 2,320 as summarized in the
* fable. The details of the population is presented in Table G.3.1. .

a
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Construction of a  Summary of Poptnla!lon Surveyed in Wangduephodrang Town Area
junior high school -

is going on in the . Population in 1995 o
notth  to the Calepory . " Residents l)a\ Visitors
existing AMC gou'nship Alrcad y A l,“:;O . 0
) . . ommercial and Shopping Arca 520 14
yard in the Baflo Monk Body PRIng 65 0
arca, _a"d - MS Administrative Organization 60 150
~ completion 15 RBA Complex and Outer Quariers 3140 310
- scheduled for RBA Hospital 175 wo
1997. The present - Prinnary and Junior High School 30 1,208
junior high school —RNRRC Office 225 u
' Total 6,035 2.320

is planned to be
transferred to the new school when its construction is completed.

(2) Waﬂgduephodrang Town Planmng

- According to PWD of MOC, the expansion of the present lownshnp is considered with:
some alternatives at prt,sent but any final decision has not yet been nndc so far due to the
. limited land resources in the surrounding areas of the township. T here #re two (2)
“alternative plins being considered as shown in Fig. G. 3.1; and both plans aim mamly to -
transfer the existing shopping and commcrcml areas localcd at the cemcr of the’ townchip
“to lhe othu areas by :

- newly e'-cpandmg the town area to mclude the expcrunenlal farm yards of R\!RR( fot |
the further development or - : :

- developmg the _present resrdenual areas extendmg on rather siecp slope lands west to.
' the town ceuter along the Chang Chhu ' S -

' “In plannmg lhc fulure water supply sy:,lem iLis proposed to adopt the tormcr plan smc:, it

~seems to be more p0551ble to reserve such lands for development in the present township

than aut of it conmdermg that the pruscni expenmental fatmyards in RNRRC are being
utilized to the full extent and there is not any alternative sites for relocation at present.

{3) Future Population Projection

The: NUDC conducted - - Projected Poputation in the Expanded Service Area
- “the population survey of - 3 R -
- the | Wangduephodrang 00y b 2007
town area in 1989 for S in o Dayrope ot Day
* Ihe Seven Towns Water _ Cz,l_cgory L : Residenis | Visitors ERcsn(I.cn.ls %r-VISllorS
Junior High Scboal in I ' :

Supply -~ Study,  and

SH . Bajothang w2200 |Taes i 438
estimated “that resident  agyicutwral Machinery o A
and day time population  Center (AMC) 0 7 BRURE 7.
are 3,800 and in 800, Druk Sced Corporation _ IR
respectively. Comparing .(SC) ' 3 6 3 6
Total 47 233 202 i 448 -

with the present
population for 1995 and those for 1989, the populauon growlh rate of six (6) years from

G-9
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1989 10 1995 is calculated as high as eight (8) % per year. Since this g,romh rate is
considered extremely high, more realistic value of two (2) % per year is applied for
projecting the population in 2002 and 2007 considering the Wangduephodrang
Dzongkhag’s expectation.

As described in the previous Sub-section (2), the town development will be made in the
present town area in their town plan, and then no expansion is necessary {o be considered. .
However, some extent of development such as construction of residential houses, ctc. is '
expected to be made in the lands of existing AMC and DSC vards along the Chang Chhu

~ towards the new school site, because such areas are considercd to become high potential

* areas in development when the developnient is reatized in future based on the said town

- plan. The service area is, therefore, proposed to be expanded so as to include such arcas
which are located north to the present township along the Chang Chhi. The expected
population- increase in such areas to be newly included in the future service area is
summarized in the table, and ils breakdown is presented in Table G.3.2. '

The future population increase projected' ;
for the target year of 2002 and 2007 is  Projected Population in Wangduephodfaﬂg

- set as shown in the table based on the _ __ TownArea S
: Loy . . : Mo ofic : b . '
above discussions. C(ucgom.s 1995 QQEJZ (3
‘ - 1 Present Service Area L : 1.
: ' - Resident] 6033 | 6,932 | 7.654

* The number of day visitors shares 38 % Growm Rawe (%) - 2| o
+of the resident population, and the total - Day Visitors (18%)_2.293 | 263 || 2908
“population . is - projected. " at ' 9,847 Sub-total g3 | 9567 | 10562
(consisting of 6,979 residents and 2,293 2. Extended Service Area - .
-~ day visitors) and 11,212 (consisting of -~ ‘Resident) . 03 47 202
7,856 ! residents and 3,356 day- visitors) - D‘“ Nisiters 0 Zﬂ--'-“ LB
. ; . _ " Sub-total : ) : 2'\!} 630
for . 2002 ' and @ 2007, iles.peciwel}, 3. Tonal Population | -} T
‘mcludmg those in, lhc prcscm and the . iResident} (,Uh ‘o979 7856
future. extended 'service ' areas. This l'. © Doy Visitors| 2393 | 2867 | 13356

projected : ‘population - increase © is .. = Total L8328 | 9847 ] 11212
ittustrated in Fig: G.3.2. ' - T

(D) Future Water Demand -
l) Water Deniand per (apna
As af‘oresard the present water consumpuon per capita is measurcd to tie 12% ir’d'iy -
“which comssts of the net consumption of 75 l/day and the phy51cal loss of 50 Iday (40 g
" % of the total demand). Based on this measured value, the future demand is estinated :
-~ as stated below. : :
- The consumption of faundry and cooking water will be grédually increased as the

living standard of the dwelling people rises, and they will reach 40 Vday and 20
Hday in the target year of 2007, respectively.
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- The lalrme water will becomc four (4) times of the present one in 2007, because
the flush toilet is considered to be introduced in some advanced houscholds in the
town in near fulure.

- The consumption of bathing water will not be increased substantially, but will rise

to 40 l/day in 2007.
- The present physical loss of Present and Future Water Consumption per
40 % will be applied at the Capita
initial time, but it will be Present | Futuee
~decreased substantially to 25 . Description 1995|2002 2007
% and 14 % in 2002 and in Cloth Washing 30 33 0 -
2007, respectively, since the &:::‘fﬂ) : g o -
‘moral  to save  water Bathing 30 0 10
consumption  will  prevail Cooking ' _ 10 IS o925
among the dwellers in the Censumplive Dentand 75 90 125
“town ‘as an effect of Physical Loss 50 000 20
Cintroducing  the  metered (%0 Totat Demand) (0): | 25 (1)
“supply system'. o Total Walgr_l)cnmnd ' !25 _ 120 ¢ .l.-.lb
: _ : U;:il}('onq!mpllt:mp:‘rl".ur-';!a‘l."d;
‘As a result, the consumptive demand per  ~ © % o e e

ey reu

capila is increased from present 75 Vday ™
‘to 125 Vday in 2007. The total demand " =
“per capita will be once decreased from
present 125 Vday to 120 Vday in 2002 s |

B3 Con-bmig

;O

b Olatiine

B Ul Wahirig

and will be increased to 145 Iday in 2007 . EERREEE
as QhOWII in ihe table and llg,urc ey
'2) TOlﬂi Watchemaﬂd T P iPRESENTANDFUTUREWATER T

S - o CONSUMPTION PER CAPITA
~ Considering the above discussion on the :
future population and the future water demand per cap:ta,i

' NPT ) ter De .
- the total water deimand for the whole of the served area is ~ EStmated Water Demand

1 _ca!c_uta_ted. The average daily ‘demand_a.nd t.he maximm'n‘ - Average | Max
+ daily demand are calculated. The average daily demand s Daily § ‘Daily
- calculated by multiplying the estimated water demand per .| Demand | Demand

: Caplla by the served _population, and the 25.% - mcrcased. Year |- gn Ydayy' | i (m 'fday)
' value of the average demand isitaken for the maximam - .199; : ;(']? E :‘l’“
~daily  demand. The estimated daily ‘water: demands are 200 SAIE LIRS i
2007 1236 i L3d6

presented in the table, and are illustrated ml:[, G3.3. — A

(5) Block -wisc Population and Water Demand
The service area of the water supply system is divided into six (6) blocks as shown in Fig,

G.3.4. The block-wise population is calculated based on the results of the population
survey which was conducted during the field survey period, as shown in the table. :
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The average and maximum

Block-wise Population in the Wangduephodrang Town

daily demands for cach Area

divided block are also Rlocks

calculated taking  Year [ 1 2 34 5 ¢ 6 | Tol

proportional values of the 1995 [2933 [ 1855 1 950 12743 1 1S - 183

above calculated block-wise 2002 [ 3372 11786 {1,618 L 1926 & 166§ 978 ) 9817
__2007 3,723 11972 ; 2,368 : 1.545 183 ¢ J 425 L2112

population as shown in the
above table. The details of . gjock-wise Water Demand for the Wangduephodrang

the above estimated values Town Area | (w/day)
are tabulated in Table G.3.3. - _ Blocks _
: Yecar 1 i 2 i3 1 5 i 6 | Total
G.3.2 Rural Areas Average Daily Demand ; '
1995 1 286 1182 93 § 267 i M. - 812
v P 2002 310 ¢ 164 149 177 ¢ i3 St 206
(1) Population and Population 5007 | 31y | 217 F 261 F 170 5 20 f 17 L1236
Served _ “Maximum Daily Demand 1 P o
_ 1995 | 358 i 189 i 116 i 334 | I8 . 1613
As  mentioned in the 2002 | 388 i 206 i 186 222 © 19 113y LI33
previous chapter, the present 2007 J 513 ¢ 272 ; 326 o3 ;o 28 F 196 | 16

population and those served by the

Y ; Population and Population Served inthe
present water supply schemes are . - : ' ‘

~ Study Area

summarized in the table. : Population | Scrvice Ratio '
‘ ' S Sub-arcas | Populatio Served | (%) '
The population of the Study area is _: N B -

6,684 and 4,502 .persons, which are Lobeysa. '37?36: 2?“:2 jig
equivalent to' 67 % of the total Bajp g 983 BRSE 136

, iy s N  Phangyut L1589 AT E B Co 36
‘population are served- by the present  popovey Veses | otooe 1 ee
water ‘supply schemes. The vest of the ™ Tomi - 6684 -1 150 6T

population of 2,182 persons which are

equi?ale_ﬁt to 33 %, are lelt rv.githoill‘any. Sl:lp.pl);’ System, and they have tid‘cf)n‘su;né their

~ domestic water from rivers, sireams or irrigalion canals near their hiouses facing the risks:
~ to bé bacteriologically infected. ' . S A

- According to the Dzongkhag adsinistration, the pop’ulatioﬁ growth rate in rural arcas have
gradually increased for these ten (10) years in all villages, and it is considered that the
population in_ these rural villages looks like reaching the saturation in the near future
because of the limited land resources available and the poor possibility to maintain seif-
suflicient économy. However, the ‘rural o S

. population is considered to increase for

* the further 10 years'at Iéast."l‘_lleret‘ofe; in ITro;ected Future Population in the Stuqy

.y S s . Area

- this study, it is proposed to apply two (2) “Population _

: % Of . a“nual inCreaSe, a r‘ﬂ‘her . .S“b-é.rcas ‘995 ......... 2{)022()07
cons¢rvative . value ‘of - increase, for “{obcysa | 3,086 3515 L 3914

- estimating ‘the future population. The  Bajo 983 129 1 12y
projected population in 2002 and 2007 is Phangyul Lis9 1 1331 ¢ 1470
summarized for cach sub-area as shown in RuRYsa 1,436 1672 . 1817

: ' Tolal 6,684 7677 i 8478

the table.
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(2) Water Demand

As described in the previous chapter, the present water
consumplion per capita as measured through the field surveys

per capita. The increased value is calculated to be -

s
<

Present and Future
Water Consumplion per

is 45 Vday and this consumption meets that recommended in Capita

the UNICEF’s guideline. According to the UNICEF’s Wday)
o guideline, it is further recommended to apply the 50 % - p“fﬁ;‘f‘_‘ - MF“'_““z o
L increased value for estimating the future water consumption ”4;. Uﬁ " l6(7

67 Uday. In case that the rural population = _
increases with the growth rate of two (2) % as §" 7 _
projected, it is translated that the 45 Vday of £ e e
consumption per capita would be increased to 57 i ;
Vday (45 Vday x 1.02") against the same present 'it L i s
population. Therefore, if the valuc of 67 Vday is §m !.W et
applied as recommended by UNICEF, the balance . © | Ret

- of 10 l/day (67 Vday - 57 Vday) is considered as s w0
the value increased due to leveling up of villagers’ - INCREASE OF CONSUMPTION

PER CAPITA

living standards. This value is equivalent to about
22 % of the prcsem consumpt!on per capita, and

i Present and Fulure Water Demand

is considered quite rcasonable taking into account n’iday)

of their present life styles. It is, therefore, : = W“C' D\“‘l_“d

- proposed to apply the same values as - the _S“b‘“rcal_s 1995 21:02 2007

" UNICEF’s guideline' for: planning rural ‘ water, gﬁ?{?m 1;’3 sg 22;} '

supply sy:.tems in lhc Study area as shown in lhc. f‘Pl‘;Jan'xg\u!' T 75

table. = o ©Rubbysa: | 66 1 83 1 98
ol | 3011 381 14w

- Baﬂed on the above dlscussmn the future water.
demand in each sub- area is calcutated ‘as shown in the table. “The Iolal dcmands of the
f Iarget years of ’2002 and 200’7 are esmnated as 381 o lday and 449 i’ /day respectwcly
: G 3.3 Lonstmmts in Prcsent Water Suppl)

- A series of field suwe)s and investigations have been carried out so far, and some conslramts
- and pmblems which are con51dered to be solved were found as siated beiow -

: (l) Urban Water Supply System in \‘.’angduephodrang Town Area

l) ‘Supply Capacnty

Since the quanmy delwered from the Pe Chhu is not <ul'hc1em the'w alcr dminbulmn is
“made intermittently at present and the irrigation water conveyed by the Bajo canal is
also sometimes used for the urban water supply. The capacut) of the present water
supply system is considered to be as small as 780 m¥/day, which is caused by the
insufficient conveyance capacity of pipeline from the Pe Chhu to the distribution
station. Taking into account that the water demand of the town area would increase in
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2)

- Inadequate construction makes proper maintenance of the distribution networks *

. increase’ the, capacity of lhc conveyauce plpehnc from the Pe Chhu. In addition, no

future as mentioned in the Section G.3.2, it is necessary to increase the supply capacity
of the present systen.

Distribution Nelwaorks

The present distribution networks were constructed in 1969, Since then some main

lines have been renovated and many branch lines have been added and expanded at
random resulting in the present inadequate and unbalanced distribution of networks as

stated below.

- It is impossible to' maintain even water supply over the service area because of

uneven load distribution of water demand.

- Itis difficult to achieve proper operation and maintenance due to lack of necessary

facilities such as valves, meters, etc.
impossible; pipe materials are not buried to the proper depth to keep them safe and
~ in good condition.
Water Qualiiy B
The ircigation water of the Bajo canal is frequently used for the urban water supply
during the irrigation season, and such lrr|5auon water is apt to be bacteriologically

contaminated by the animal waste and land ‘slide mud. It is, therefore, -necessary (o

treatment is ¢onducted - in- the present”. distribution ystem exceplt - for simple
scdlmcnlallon at present. Consrdm ing that the turb{dny of theiraw water. from the Pe

i Chhn bccomcs higher than 20 frequently. dlumg, the rainy ‘season, it is necessary to
f rcmf‘orw such l’auhty which "reduces’ turbldny'and remove | L color subslanccs
- C hlormauon is alqo nccescary to i\ccp thc dlstnbmed watcr frec, irom mtccuon '

(2) Rural Area

In rural areas, the service ratio of the existing water supply schemes reaches only 67 %,
and the rcmamm;;3 33.% of dwellers have to take water from irrigation canals, river streams
or-small spring pools for their domesl:c usé. Such water is easily infected by animal waste,

- ete. and is unstable without any protection. In order 10 supply safe water to the dwellers in -
- rural areas, it is necessary to provide adcqualc water supply systems with stablc and_ .

: pl’OlCCiCd water SOllI’CCS
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G4 l’roposcd Basic Water Resources Development Plan for Uy ban anrl Runl \\ ater
* Supply

G.4.1 Basic Concepts
(1) Objectives of Basic Development Plan and Factors to be Considered -

As aforesaid, the inhabitants in the Wangducphodrang town is at present facing the
. shortage of water due to the limited capacity of the present water supply’ system,
~ According to the Dzongkhag Administration, the population of the town area is forecasted
- to increase with a rather high growth rate rushing towards the saturation in the coming
 decade, since more rapid urbanization and population concentration ar¢ expected to take
~place in the near future as same as the other similar scale of towns in the country.

“To supf)iemerrt the shortage of raw water, the irrigzilion water of the Bajo canal is often :
taken, and such irrigation water conveyed with open canal systems is cons1durcd usna!iv to
‘_bc intected by animal wastes, land slide soils, ete.

‘These situations memioned 'above are found in the other towns and urban areas in the
3country, and it is desired 1o provide the adequate water suppl) facilities as soon as
possible. T herefore, the GOR recemly conuitenced to introduce new water supply systems
to improve e\nshng schemes giving them the high priority in their national de\elopment

_ plam in order to copé up with such mcreasmg water demand in lhc counu)

AS for the rural arcas, lhough lhe nnp!ancmalmn of rural water supply schentes has
'progressed so far reachmg, the service ratio of 67 %:in the Study area; the remaining
populatron of over 2,000 are left in the situation with neriher stable nor safe water supply.
It is, therefore, considered ‘essential to provide proper water supply syslems enough to
supply safe and slablc domeslic water fox such mral mhabltants

“In lhc context memloned abovc thc basic watcr resources devclopmcm plan for the niral_
and urban water supply is o be eslablrshed and formulaled with the tollowmg ObthIH es:

- to provide safe doniestic water free from any infection for as many rural and urban
inhabitants as possible by providing proper water treatinent facrlmcs in the sustainable
* manners, : :
- to realize the stable and reliable vater supply throughout a day as well as'a year by
L prowdmg the inhabitants in tural and urban areas in the Study arr:-a wrth 1hc adcquatc -
" capacity and quality of water suppl) syslems and

- to improve and raise the fives of urban and rural inhabitants for creating the improved
social conditions throngh sustainable and balanced development methods c0nsrdcrmg :

the constraints found and the present situation of the Study area as well.

In formulating and establishing the basic water resources development plan for the rural -
and urban water supply, particular attentions arc to be paid for the following items.

G- 15



APPENDIX G

The Study on Groundwater Development ln Wangduephodrang District of Bhwulan .

Considering the present siluation that many inhabitants both in urban and rucal ar¢as
are suftering from shortage of water, the highest priority will be given in the plan to
reserve enough volunie of domestic water to meet the increasing demand.

The level of the improved and/or introduced water supply systems should be of the

- quality and level as same as those being implemented in the other similar areas in the

country in order to avoid uneven development.

1t is necessary and essential to consider the existing plans related to the water

resources dcvelopmult in the Study area as well as the municipality and town

~ development plans in order to formulate such basic plans in a most realistic and

suitable way.

(2) Target Year

~The target year has to be set considering the implementation period; hence the final target-

“year is set as 2007 taking into account of the implementation period of about 15 years and
" the period covered by a regular five year plan of the country, IF the future five year plans

‘are prepared with the regular five (5) years of interval, the Sth. Five Year Plan will cover - g
the five (5} year period from 2002 to 2007 The final target year is, therefore, set at 2007 o

‘adjusting the time frame of the basic plan to that to be covered by such five year plans. In

~addition, the year of 2002 is also taken as a mlleslone for lmplemcnlmsi the basic plan lor .

about 10 }ears later and hve {5} years before the final target }ear

‘The water resources dcvclopment bas:c plan for the mral and urban water supply is
plepared in accordance with this basic time frame, The whole plan is first figured out for
the final target year of 2007, and then itis divided into sonte sleps of :mp[ementalmn
cons:dcrmg prlorlly 1mp0!tance urgcncy, ele. ‘ C

G 4. 2 Ulban Watcr Suppl\ S)slcm in \\"mgdueplmdmng 'loun Area : o |

(l) Serwce Area and Reqmred Capacuy of Waler Supply S}, atem

1) Serv:cc Area

The present urban water supply system covers an area of about 110 ha consisting’ of

the! RBA comple\c and quarters, the Dzongkhag and . administrative aréas, ‘the
commerc:al and shopping areas, the residential arcas, etc. Any extension of the present |

Jtown’ area is scheduled at present according to the Town P]anmng, Section of PWD
“except for the areas wheie some internal shul‘ﬂmg of land use is scheduled. llowe\er

‘the areas of about 23 ha located between the present DSC/AMC vards and- the
* construction sites of the junior high school are recommended to be included, and then

the total service area of the water supply system will be 133 ha.
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2} Required Capacily of Urban Water Supply System

As mentioned in the previous sections, the Estimated Water Demand and

- present productivity of the existing water Required Additional Capacity

supply system is considered to be 780 : . S

“m'fday mainly because of the limited | Average i Max. 1 Required
o o Gy of e e | U 00 e
i + conveyance pipeline from the Pe Chhu. Year | (uitday) | (m'fday) | (on'iday)

: _ : T1995 812 | to1s i -

" The domestic water demand, on the other = 2062 2906 1o 1133 . 363

hand, is estimated based on the projected 2007 { 1236 i 186 i 776

future population and the estimated demand per capita as shown in the table. it is,
therefore, necessary to increase the water supply capacity from 780 m'/day to 1,133

m'/day and 1,546 m'/day in 2002 and 2007, respectively. The capacity to be increased
~is calculated 1o be 363 m'/day and 776 m'/day in 2002 and 2007, respectively. The
future demand and the capacity to be increased in future are illustrated in Fig A4.1,

| 1 herefore, the proposed capacity of the conveyance pipeline from the Pe Chhu and the
§proposcd daily productivity of the distribution station are set at the values as stated
~“below, conisldermglhc mtcmal requirement of five (S) % for washing taan ‘

- Conveyance capacily of the proposed conve) ance pnpchm, 1,700 m Yday
g (mcludmg 5 % of the mh,ma! reqmremem for'w ashmg, ¢tc.)

- Producuvlty of the proposed water dlbirlblltl()l‘l slahon 1,700 m'/day
- D;stnbutlon capacnl) of the dlslnbunon nelworks : L1600 ni /day ¢
(2) Water Source
}) POSSsble Waler Resources for Urban Waler Suppl)
”lhe present water supply syslem diverts ItS raw water from lhc Pe C hhu and i}u,
“diverted water is conveyed to the distribution station through the conveyance pipelines.
After a ‘simple -treatment, the water is distiibuted by the distribution networks
- extending over the town area. No other ktnd of water resource is uuh/cd !or the
. present urban wate; supply ' : :
_ : The followmg water sources are cons:dcred possﬁ)lc to be developed 1o :,upplemem‘
‘% . the present resource of the Pe Chhu for the urban water supply svslun in! lhc :
" Wangduephodrang town area. : "
- - Surface water in the Chang Chhu and the Dang Chhu
- Groundwater in the south of the Bajo

- Sub-surface water in the areas along the Chang Chhu
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Spring water is not considered for the urban water supply in the Study, bcmuse its
poteatial is expected to be quite less comparing with the estimated demand of water
supply and possible source sites are scarce.

The surface water of the Chang Chhu and the Dang Chhu is found to be abundant, but
its ulilization is judged 10 be quite difticult, because of the following reasons,

- Since the velacity and depth of river flow in these rivers are fast and shallow in the
reaches near the town, it is necessary 1o provide the intake facilitics with suflicient
capacity of suction pits which require difficult underwater construction.

- The inlet structure constructed beside the river is easily clogged by the sediment
loads of the river, and it is difficult to conduct necessary sediment removal wotks
for the Dzongkhag administration duc to the limited budget allocatton for it.

- A large lit of pumping facility is required to lift the diverted water up to the
existing water distribution slatlon the necesqar} height of the hi‘t is measured over
140 m. ;

S thc supp!emcnml volume 1o meet ‘the ecstimated future dcmand (about | 000
‘m'fday) is served by the rver water, a huge capacity of distribution reservoir is
" required to be conslmclcd since the opcrallon hour of thc pumpmg, stauon is
 limited.

- Furthermore, it is recommendcd to ulilize neither groundwater in the south of the Bajo
. sub-aréa nor sub- surface water in the areas alongj the Chang Chhu for supplementing
" whole of the future mcremental demand of the arban water. supply in ihc following

“aspects.’ ‘ ‘ :

(onsidermb ihat lhe present dlstnbuuon (CSCIVOIr: lank is localed at the hsghest

paint in the town area over 1, 300 m and the both sites of tubewcl!s and ‘shallow -

wells are in quite low areas in the south of the Bajo sub- area s consrdcmd

" neécessary o apply the pumping system to hﬂ the raw water up 1o thc distnbullon

station. However, it is reconunended ‘to reduce such application of pumping

facilities as much as possible which requires expensive related facifities such as

~ ¢lectric supply in order to realize the Ilable water suppl\,' and to achu,\c an casy
ﬁ operahon an(l mamlenancc S .

- ll lhe whole of the ﬁuurc mcremenlal volume is served b) Ihe newi) de\ Llopcd
- groundwater or sub- suri‘aw waler resources, the pumping facilities arc necessary
as explained above. Then, a large capacily of distribution tanks is necessary since
_ such pumping facilities are not be able 1o be operated throughout a day. However,
‘ takmg into account that the present yard of the existing distribution station is quite
limited being situated on the top of hill, it is judged to be difficult to extend the

- present yard for constructing the additional reservoir tanks.
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2) ‘Alternative Measures to Develop the S‘upplcmental Water Resources for Urban Water
Supply for Wangduephodrang Town Area

Based on the discussion made in the above section, in this Study, the alternatives for
establishing the most appropriate water resources development plan are 10 be set so as
to consider only the optional plan to cover the extended areas between the schoo!
yards being constructed and the DSC/AMC yards in the Bajo sub-arca {Block 6) from
the following considerations.

- As discussed in tlic above section, it is reconimended to apply the development of
neither groundwater 1or sub- ':urface water for supplementing \\hole of the
incremental dcmand -

- - " Since the cxisting water supply nctwork covers whole of the town area as ils
- service area at present, and only the arcas along the Chang Chhu in the Bajo sub-

_ - area are not covered.

The following three (3) alternatives are consequently considered in this Study to
supplement the shonage ofsuppl) capacity of the umbau watei supply 53 stem.

Aiternativc I ®» .W': incaease thc present dlwmon waler irom Ihc Pc (hhu

“The present urban . water supply syslem is- basically utilized with  some extent of
' nnplovemem that meets whole of the incremental demand including that for Block 6
- which is proposed (3 bc extemlcd “lhc proposcd lmprovcment consists ol the
tollowing ntems : - : '-

- construcuon of' thc con\eyancc p:pnlmc ﬁom lhe Pe Chhu to: thc dlstnbuum{
-ﬂtat:on :

L 31mp10vcmcnt of the presem lrealmcnt facxlmes addmj:, raw- waler ruemng, mnk "
ﬂocunlator rap:d water filter, ete. and increasing the capacity of’ d1stnbut:0n

FeServolr, and

- improvem'cm'ofthe exis!ing dislribulion nclw’ork's' with metered system.

%Al'le"rn‘ative 2 % i)ﬂvelop the groundwaler resoancs ava:lable in thc soulh _t the

The groundwater resources’ aﬁfailable in the farm yards of RNRRC are developed for
the additional demand of the extended area (Block 6), and the incremental demand of '
the other blocks are served by utilizing the existing water supply system. In this case,
an isolated supply system is provided for only the Block 6. The present system for the
Blocks 1 to 6 has to be improved by increasing its supply capacity. The proposed
improvement is composed of the following items:
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- construction of deep tubcivells of about 50 m dcplh n lhe R\JRR(‘ farm yards with
the distribution networks and reservoir tanks for supplying the water to the
ithabitants in Block 6,

- construction of new conveyance pipeline from the Pe Chhu to the existing water
distribution station in the town area, whose capacity has to nieet the increased
deinand of the Blocks 1 to 5,

- improvement of the present treatment: facilities addmg raw water receiving tank,
flocculator, rapid water filter, etc and increasing the capacity of distribution
reservoir, and

- improvement of the existing distribution networks with metered system.

Alternative 3 = Develop the sub-surface water resources available in the area
alona the Chang Chhu in the BH_IO sub-area

The sub «;urface water resources e\pected to be avatlablc in the areas along ﬂlc Chaug -

Chhu are developed for the additional deimand of the extended area (Block 6), and the
incremental demand of the other blocks are served: by ulilizing the existing water
supply system. In this case, an isolated supply system is provided for only the Block 6
as same as Alternalive 2. The present systent for the Blocks 1 to 6 has (¢ be mproved
- increasing !ts supply Capacuy The pmposed lmprovcmcm consists of thc icrllowmg7
items:

- consi'mction of shallow tubewells of about cight {8) m depth in the areas along the

~ Chang Chhu between the school yard under construction and the DSC/AMC yards

with the dastnbul:on networl.s and feservoir. tanl\s lor supplymg, 1hc water for
, B!ocL 6 S :

- conqlmchon of new’ convcyance plpdme I'rom the Pe Chhu to lhe exlslmg water
distribution station in the town area, whose capac;ly has Lo inéel {hc increased
demand of thc Blocks 1 to S, ‘

- improvement of the presem treatment facilities 'iddmg raw water receiving tank,
flocculator, rapld water filter, ¢tc. and mcreasmg “the capacuv of dismbunon
-_rescrvmr and - :

- nmprox ement of thc e\.tslmg, chsinbuuon nclworks wuh metercd system

"ihe abme stated altcn natives, precentcd in. llg G a. 2 are scrutinized and compared
- with cach other, and consequently it is concluded that the Alternative 1 is considered
: the most appropriate for supplymg the water to the Block 6 as stated below.

- -The capacity of the present water supply system is considered to be 780 m *fday as
~ a whole mainly because of the limited conveyance capacnt} of the plpelme from the
Pe Chhu, and hence if such limited conveyance capacily is increased by i improving

or replacing it, the supply capacity is expected to be increased to the substantial

G-20
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extent with a little modification of the existing reservoir tanks in the distribution
station.

- As discussed in the previous section on the block-wise demand, the daily demand
of about 200 m'/day is estimated for the target year of 2002 sharing only 12.5 % of
the whole estimated demand of 1,600 n13/day' The scale of the necessary facilities
for the present service area such as conveyance pipeline, distribution and treatment
facilities, elc. are not reduced even if the planned supply capacity is decreased from

1,600 m*/day to 1,400 m*/day (1,600 m'fday - 200 m*/day) considering .sl'andai_rd
sizes of the materials to be used for the construction. This ieans thati the
~ construction costs for the Alternahve 1 are not decreased by such small decmnso of

supply (‘apacny :

- In case that the Alternative 2 or 3 is applied, the total construction costs for the
Alternative 1 is rather increased with those for the additional facilities to beg
constructed to supply water to the Block 6 sudl as shaliow or deep weila 1eqcr\ oir
lank pumpmg facihties, etc. : Lot

:The Altemalwc 1is conmdered lo be the most appropr fate hom the view poml ot
~operation and maintenance aspects also, since: it is consldeled that the operation
and mraintenance works for the uniform syslem are able to be conducted more

~easily than lhose for the comphcated and :mxed syetem hlw Altei nau\ es 2 and 3.

- Taking into cons:dcratlon lhal the electric supply condltlon is not ‘considered thl ’
- in -the "area, the systemi requiring continuous and stable electric supply is not
recoimmended. In casé of the Alternative-1; the conveyance and d:slnbul:on of ihe
supphcd watcr depends only on lhe gavny ﬂow ' :

. As cxp]amed ahoxo the Alternalwe 1 is jud.ged to be !he most appropnale o
- supplement lhe supplied water to cope up with the nereasing dcmand of the urban
. water supply systcm for the Wangduephodraﬂg town area.’ S '

.(3) Proposed Watcr Su‘pply Systcm

The proposed water supply systcm for lhe urban waler supply of tho Wanﬂduephodrang
lown area C{)]]SISIS of : .

L the inlake ahd cm‘weyzince fai:ililics,
C . the wa[er trealmcnt and dlslnbutnon slauon and
- the distribution netwo:ks and house melers.

- The types, capacities,- scalcs and dimensions of these I"acﬂnl:cs are proposed as e'{plamed
below. ‘ : o



APPENDIX G

The Sty o0 Grourdw ater Development in Wargduophodrang Distict of Bhvdtan
1) Intake and Conveyance Facilities

a) Intake and Sediment Removal Facilities

The raw water is diverted directly from the Pe Chhu at present with 1,000 mm (w)
x 500 mm (d) open channel by gravity on the right bank of the river, and the
diverted water is conveyed through-the open channel together with irrigation
water. The water for the urban water supply is separated at the point of 65 m
downstream from the intake structure, and the separated water flows into the
sediment removal structure made of a giit chamber of 70 m’ capacity located
beside the open channel for irrigation.

" i

The design discharge of the conveyaiice pipeline is calculated to be 20 Vsec for the
target year of 2002 on the condition that the raw water is diverted continuously
trom the river for a day (1, 700 ' !day !/ 86,400 sec = 20 I/sec). ‘The existing open

- channel is judged to have enough capacity to flow this dlscharge even if the
irrigation water requirement of thc Bajo canai is considcred

 The existing scdlmcm tank made of rcml’orced concrctc is tound to bc tllllCllO]llné
. well at present, and is consudcred well fum.honal in ihe futuse plan also ahhoug,h
some extent of cleaning is requi red -

Therefore, it is pmpox.ed to ul1hzc the: cxlslmg intake and sed]ment removal
f‘mlhlles as lhcy are utlllzcd now.

b) (‘onu,yancc P-pclme

‘As descnbcd in the prewom chapter on the. plesen! cond;t:on ot th ulban eater
~ “supply, the diverted raw water is conveyed by the plpelmcs to the e\mnw water
 distribution station at present, The cmsllng, pipelines run mainly along the national

road for: Tongsa, and their distance i is measured to be 8.3 36 m 'mordmg to the

results of the topographic wrvc} :

The flow capacily of the cxisling pipelines is estimated as cight (8) Vsee, which is
quite smaller than the design discharge of 20 Ifsec. The pipelines are made off
galvanized steel at the most u’pslrcam and downstream pmliom only, while the
~middle pomon is of 47 HDPE plpcs and partly broken causing lea!ﬁgc of watef.
Therefore, n is. rccommended to replacc the e\:q!mg one in this Study’ - '

: Roule OfNew Cog:gya_:_lg@_ﬂpmug T _ S g

There are l\\o (2) routes wlncn are cons:dered as opuons for the new conveyance
pnpclme One is the route along the existing Bajo canal and the other is along the
national road for Tongsa. The existing pipelines run along the latter route. Both

' routes are sciutinized and compared in detail, and the latter route is recommended
o be considered for the new conveyance plpelmc considering the following
findings.
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- The former route has a mild and constant slape to reach the distribution station,
resulting in rather moderate pressure variation, while the latter routé’s profile
reveals sudden and frequent changes of pressure due to its topography.

- The latter route runs geologically more stable zones than the former one, and
many gullies are formed along the route. Hence the latter route looks to be
safer, and less construction costs are expected.

- There i IS no space for construction and placing the plpmg malermla along the
existing Bajo canal. Therefore, the latter route is recommended to cnable easy

operation and maintenance as well as easy and smooth comuucuon

Type oi'Piang Mat_eria]s

The following three (3) 1ypcs of piping materials are conmdcred as nptlons tor

- materials of the new uonveyance plpehnec:

B :- PVC plpe

. Steel pipe

~ - Ductile iron pipe

- Among the above plpmg matcnals the ductile iron. pipe is judged to be the most
 suitable fof the conslmcnon of new conweyance plpcime aﬂer the tollowmg

conszdcraltons

© iThe g g,eolog:cai situation in the Sludy area like Htmalayan myon is conslducd
as still unstable. hi the areas along the proposed route, many laid sliding are
fouﬂd and inany eﬂous have been taken to prevent the national road from
damag,cs mduced by such’ land shdmg According to ‘the - resulls obtamed :
“through lhc geologtcal hazards assessment, the vulnerability in‘this arca is the -
highest. 1t is; therefore, necessary and cssumal to adopt such materials which:
are considered as strong and bearable against excessive pressures and stresses
caused by unstable geological conditions.

- In order to procced with thé consmlctlon W orks smooihly as scheduled undcr '
the condition that the a\a|1ab1hly of construction cqmpmcm is limited and
skilled laborers' are found scarce, ‘it is necessary lo apply the materials that .
make joint works’ easy, because such pipe joints are co:is!dmed o be the: niost
important to avoid unevcpccted leakage of water, elc. :

- The materials Wh[Ch are strong and bearable against the dcteuoranon and
weathering are reconunended to be adopted in order to reduce the rep!acement
costs afler the completion of construction as much as possible.

- The PVC materials are considered to last a long time, but are weak in bearing
the inner and outer stresses and pressures. The steel pipe is rather strong and
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bearable, bul the welding work rcqmrmg skltled welders is esscitial to joint
these materials. The ductile iron pipe is considered stronger against such
stresses and pressures and easily jointed and last for a long time.

The principat features of the proposed new conveyance pipeline are summarized
below. -

Design discharge: 1,700 m/day (20 Vsec)

Design water levels:  Grit Chamber LWL 1,428 m, HWI
Raw water receiving tank

* Total distance: | Approximately;fi}i km
Diameter: $ inch .
' prc of piping matenals Ductile iron pipe

. 1.430.5m)

1.344 m

: The longiludlnal proillc of the proposed come)ance plpelme is presmtcd in lm
G.4.3. . .

2) Treatmient Facility

As shown in the fo!lowmg flow chat, onty s:mple sedimentation is: per Iormed in the
prescnt water’ dislnbuuon station.
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FLOW CHART OF EXISTING WATER DISTRIBUTION STAT!ON e

© pipelines with & maxinum discharge of 8 Vsee, and rgccwed water passes the baflled

- channel to the simple’ sedlmentauon tank, of about 950 m’ capacity. The distribution

reservair of about 600 m* capacity is located adjacenl to the sedimentation tank. '1 he
flow of treated water is regulated in this tank and dlstrlbuted to the service area in lhe

" town.

The prcsenl distribution station is scrutinized to find out the necessary items of
* improvement as stated below.
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The Study on Grot

a) Dally Productivity of Distribution Slatlon

| The daily productivity of the proposed dislribution station is set at 1,700 mday as
-aforesaid. The capacily of the exisling sedimentation tank (950 m') is considered to

be so sufficient that about 13 br of retarding time is considered énough to altow the
required sediment sctllement However, the capacity of distribution: reservoir
measured to be 600 m" is considered insuflicient considering that lhm Lapacny is
translated to only about cight {8) hr of retarding time.

Therefore, it :s proposed {0 increase the capac:ty of dismbuuon rcsenonr from

© present 600 m’ to 800 m' so as lo reserve the capacuty for storing: 11 Ny of *

b

distribution water. The variation of water levels in lhe resenonr tanks are .
llustrated in the following graph.

ALy e e i s e ——— e = 4 i
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[ . llvl Tow M l\[d\l ’ . ——4;)—& ' [‘luh.ue\.(\\: l : BN ‘»& \-i rduege oo

WATER BALANCE IN DISTRIBUIION TANKS (800 M3

- An'amount of 49$ ' of waler is 'stored cv‘en 1 casc oi the mmunum waler level,

and this volume is tram!ated to about seven (7) hr of water storage is LOI\‘U(‘CI’CLI

: p0551blc :

Water Treatment

The results of the water qnalilly examination reveal that no serious bacteriological
infection is detected, but turbidity trequently raises over 20 particularly during and

“after the flood in the Pe Chhu especially in the ivet season from June to September.

~Therefore, it is reconunended to_apply some water tréatment for improving such

'fhlgh lumdll) and reducing bad color uontcnl

Based on the above discuwons !he cxlslmg dislnbuuon statlon is ploposed lo be
1mproved as itemized below.

The high turbidity should be resolved by in‘:prb\/ing and 'enhzinéing the ‘present

treatment system. A rapid filiration system is applied to wnprove the station, 1aking
into account that there are only limited areas where the system expansion is ablc to
be allowed as shown in Fig. G.4.4.

G-25



APPENDIX G

The Study on Groundwaler Development in Wangdueph(gg@_ng Oistrct of Bhutan

The ﬂow chatt of the. proposed lmprovcd dnmbuhon station is lliuqt:aud i Fig.
G5, and the elevation of cach component is confirmed since some of the additional.

To facititate the effects of rapid filtering, a ﬂocculalor should be prowdcd heforc
sedimentation tank, and some coagulant materiats like aluminum surfeit should be
applied to accelerate such coagulation effects as expected.

Chlorination is recommended to distribute safe and clean water to the service area.
It is given at the last stage of treatment.

" The existing tvater reservoir tanks are proposed 10 be expanded to some extent, -

because the prescnt capacnty of 600 m' is considered rather shait to meet 1hc
leqmremuli :

Shidge and drain w ater treatment. systems should also be provrded in order to make

" the sludge dry for disposal and to process the washing water for draining out of the

slation yard within a penmissible level ol water quahty

A pnpmo galley is propov.ed to bc prov:ded lo spare thc space neceqsary for simooth
: operauon of valves. © .

: proucsses requ:re much F‘i" of \'.aler head as pre:cnled in Fig, G 4.6.

Thc details of' such proposed system wmponcnts are <;ummaf17€d below as a prmcnpal.

_ featurés of the water treatment works.

‘Raw water receiving pit: SS5m (l )x 1S m (W) x 1.5 m'(ll) 01"re'i:1for'uc:d
: Lo 'concrete ‘box. wslh V-shape notch, buiterdly type.

valvcs ﬂow metcr and lurh:dnv meter.

;F'i.occul_atdr: Lo 07 m. (W) X IOO m (l) X 4 Nos. ot uoncretc.

canal wnh bames

Aluminum dosing system: 15w (W) x 1S m (lLyx12 m (D) reinforced
- conerele solution tank with diaphragm constant
-~ injection pump (1,400 cc/min ).

‘Sedimentation tanks: -Thc cxistmglanks whose capacity is measured to

 be' 950 ‘ni’ is utilized with some  extent: of

‘ reml‘orcemult and supportmb with ﬁamcs and

‘ lapcrs

Répid sand filter: ' o (Jrawly "lype Rapid Itller of 24 m? filter area

with filtered water transfer pumps of 1.2 w’ *fmin

" (Filtered water basin is attached to the rapid _

filter).
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- Distribution reservoirs:

" - Chlorination:

- Qperation house:

- Approach road:

Other miscellancous works:

The Study ¢n Groundwater Development in Wangouephodrang District of Bhutan
* The present capacity of 600 m" is proposed 1o be
increased by about 200 m® and the piping galley
“is proposed to be attached to the tank

0.8 m dia. x 1.0 m (D) of tank made of plastics
“with a diaphragim constadt injection pump (1,400
co/min.) and the necessary equipment such as
fevel gauge, drain pipe, etc.

Wooden operation houses of 90 m’ area

About 80 m of a;);):_rdﬂcll road from the national
raad to Tongsa.

Wet masonry walls iu:ung v,ori\a eleclncnyé
' conncc!:on worI\s etc.

Distribution Networks and House C oimccl_ion

The present distribution networks: cover most of the vhole service areas in the

township, aind house' connections are ‘made partly to the government oflices and the |
oftices and quaslers in the RBA complex. without any metered system. The following
nnprovement works are ploposed lo be made for the present d;smbuhon networks,

a) Main l’ipelines

lhe prescnt dlslnbutlon nclworks were constmcled in- 1969, and since then no

© substantial- improvement has ‘beein made so far. Then, the pipé ‘matcrial is
delenorated N many parts of the! ncmorks resulting in’ continuous leakasc,u of
“water. Many extension pipelines have also been placed at random with HDPE pipe
‘materials as the town arca expands: Such HDPE pipes are easﬂy conneeted lo thc'
>|1leQal suppl} lmes which causes unbalanccd load of dcmand : :

Thercfore, it is proposed to' replace such HDPE pipc maleriais with galvanized
steel pipes to avoid illegal connection and reduce the leakage. To mitigate such
unbalanccd load of demand by traversing Iong main plpclmcs, ete., it is pmposul to

construct new main lmes

Smce the service area is scheduled to be extended in the Bajo svb- area, a new main

“also.

lme is proposed 1o be constructed to chslnbutc the water to such exlcnded areas

The existing main pipehnes and the pioposed new p:pelmes are prcsmted in llg

G.A.7.
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b) House ( onnections

To introduce the metered system, the house comnection pipeline should be .
constructed as illustrated below.

B

v

“Water Meter

i I‘%‘SI J ir2" HDPE Pipe

T (10m)

) ._'nyain Pipeling

TYPICAL H_DUESE CONNEGTION
: G.4.3 Rural \‘f&iiﬂ? Supply System
{l) I’lanmn g Methodology

As mcnnoned in the prevlous chapters on the present oondmons of mral areas, lhero exist
64 v:llag,osfcomnmnmes found in the sub-areas; 21 in the L. obeysa, 8 in the Bajo, 181 in the.

*Phangyul, and 17 in the Rubcysa sub-arcas. Among these villages, some villages have'
water supply systems provided eithier by the Dzongkbdg with the assistance of UNICEF or
b} the government orgamzat:ons such as RBA, MOA, ctc. The service ratio of the rural
water supply reaches 67 % in average for whalé the Study area; 88 % for the Lobeysa, 36
% tor the Bajo 36 % for lhc Phangui and 69 % for the Rubeysa sub- areas.

The condmons such as’ topography, . . A
available waler resources, - village Gillagcé and Communitics ldciniﬁ@
population sened and not-served, present ' ¥

water supply systenis, elc. were surveyed Type of Prescat Water Supply Scheres
for each village/community during the (Private. UNICEF. Government Org.)
- field: surveys as’ summarized in Table -~ — ! .

A22 As aresult, it is fou'nd that such : ( Catcbonmnon of Schemes forl'mdmgoul

villages have different conditions varying Necessaiy Countermieasuees § ) ¢
village. by v:l!ag,e and consequenll} it is - ‘ S e g}
~difficult to prepare such plans which-are : ( U

Selectioir of Appropriate Measures for \lecr

" required for each village one by one i this ' Resources Development

level of the study for the basic planning. — 3
S L o _ Prioritization, Implementation '
- Therefore, as' shown 'in the flow chart Schedule. Cost Estimates -

presented in thé figure, the villages and

ccommunities identified during the field

~survey are categerized® depending upon

“some  factors which are considered
G-28
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important in order to find out the constraints and necessary and suitable measures to be
‘taken for respective sub-areas. Some typical scale of villages'are, then, assumed for each
sclected category to facilitate further studies on appropriate measures 10 be proposed.
These assumed villages have the typical constraints. The countermeasures are proposed for
these assumed villages including alternative studies, if necessaiy.

(2) Categorization of Villages/Communities and Necessity of Further Water Resources
Development :

1) Factors to be Considered

' Before categorizing the villages/communities identified, the types of the present water
supply schemes are considered according to the kind of organization ' which
implemented such water supply schemes; private, UNICEF and other government
organizations such as RBA, MOA, MOC, clc. Out of the villages whose type of

. scheme is confirmed, those schemes which are implemented by UNICEF and any
private sectors and those village which do not have any scheme are considered for

- further categorization, taking into account ‘of the following factors which are

 consideredto be impoitant for finding out constraints and countermeasures. :

- a) " Present Service Ratio
'The service ratio which is considered to best describe the water supply situation of
a village is taken up as onc of the factors for categorizing the villages identified.
“The ratio is expressed as a value obtained by dividing the population served by
total population of the village. The less the ratio indicates, the more and urgent’
implementation of water supply scheme is desired. . Co

'b) | Liabitity of Watc‘_r -Sojur.cc

‘Getting liable water souree is one ofthe imporlant factors in planning the water
supply scheme particularly in rural areas. The stable water supply may not be
.achieved unless any reliable water source is obtained. In casc that such present
water source is judged to be unreliable in guantily or quality, the other kinds of
resources should be secked and develaped as required. '

".c) f\\faier Quality

Most of the existing water supplj schémies in the rural areas like the Rubeysa sub- |
area, the Phangyul sub-area, Lobeysa sub-area, and a part of the Bajo sub-arca, the-

existing spring water sources ar¢ udilized for the domestic use, and hence its water
quality is consideréd good enough except some of those villages in the Rubeysa
sub-areas. The results of the water quality analyses indicate that iron contents
exceed the recommended value in the guideline requiring some extent  of iron
removal treatment. In the villages where there is no water supply scheme, villagers
take their water from existing irrigation canals resulting in the risk of biological
infection. It is, therefore, considered urgent to provide the necessary water supply -
system in these villages to provide safe water for the villagers. '
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2)

o) lhe w!lag,eq requmng some new echemes nwolvmg morc than he (6) houscho!d«

d) Number of Households to be Involved

The size of scheme, in other words, the number of households involved in such

scheme, should be set so as to make scheme’s performance properly eflicient.

According to the UNICEF’s guideling, five (5} houscholds are required to be
“involved in a proposed scheme as a minimum requirement. Therefore, the number

of households to be involved is also taken up as one of the factors for categorizing
+ the villages identified. The scheme involving more than six (0) households is given
g lugher pnoa ity than those less than five (5) hicuscholds.

- The general flow of the above plocedurcs are schematically iltustrated in Fi u, G 48,

Categorized Villages/Communities
Following the above-described procedures, the villages/commuriities identified in the

field survey are categorized and evaluated as shown in Table G.4.1. The categories
considered in the Study are as follows: '

(Ncw Schemc (,-\))

i) the villages rcqmnn&, some new schemes involving more than six (6) houscholds,

since there are prwatc water supply schemes but do not function w ell as expected
(\’ew Schcmc {B)) ' :

i) the wliagcs wqmnng, somc new. schemcs nwoivmg less lhan five (5) museho!ds.

. _(New Schene ((,))

v) o thc \'llhges rcquiring, some additional scheies, since the existing UNICEF’s:
. schemes do not salisfy the requirement in ‘sonie viewpoints of sewaw ratio, -

: !1ab1hly of water source or waler. quahty (Addmonal Sdlcme)

v) the villages req’(uirinb sonie water treatsment s'chemes, be'cause the present raw

water does not clear the - recommended standard values (Watet - Treatment
' %cheme) : - _ :

vi) . lhe vil]ag,cs ie(ju‘irihg some extension scheines involving: mo'rc't'han si\’ (6)
: households to mcrease the served population {Iixtension Scheme (A))

vil) the v:lkag,es n_qunmg some e\ctcnsmn schemes mvolvmg less than’ hvc (5)-'

- Kouseholds (Extension Scheme (B)), and

~viit) the wllages requiring both cxtension and water lreauncnt schemes (l \tens;on

“with Treatment Schemes).

In the above categories, the first four (4) items from i) to iv) are considered 1o be the

group requiring new water resources development and the last four (4) items from v)

G- 30
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to viil) require some 1mprovement or rchabilitation works such as water quality
treatment, expansion of present water supply system, etc. as shown in Fi i (4.8

The results of categorization are summarized below.

Popu%alion and Number of Villages to be Served by New and Exténsion Schemes

Water -

: . ] ) nNew Now ' ?\_‘é\\‘ N aiaii!i\\ti« Extonsion | atension Faension| leaat.

Suh-areas Hem : sclk‘n?c Sohemne .Schg:mc 28 Suhorne .Sgh_cmc Schenwe [ with Treat mert

. 1 (&Y B 1) T H{O) [AY] 113 _“_'.‘\'“ Sulvaie
Lobeysa No. of Villages A 0 2 0 a 1 6 4]
o . | Average Poputation 250 0 9 0 0 67 ¢ 0
" Bajo No. of Villages 3 0 1 } ] [ [} 0
Average Population © 128 0 61 185 0 0 0 0
Phangyut | No. of Villages ' k] B | 7 ¢ 3 2 0 i 0
: Average Population © ] 120 19 1% 0y 16 ;0 6 0
Ruboysa | No. of Villages T2 ol 2 0 ‘ o f“f" 1
. Average Population - 9 a 21 ) S L0l Y | B P
Whole - [ Totad No. of Villages : s 9 R | 12 Do ] B! "3 3] I
©Area Average oputation * | 20 | Fodsf - 2g] - ¢ o18s e B . ) B P

Numbu of wllages total populauon aﬂd average population’ of these vnllaocs which
are categorized into ones which require the nnplementahon of any iype aof water supply
scheme are menuoned in the above hb!e

(3) S_eleblioﬂ of Ap_prof)riate Methods for 'Water Resources l)évélppmént

1) Procedure of Selection

- To select’ the mast appropriate method of water resources developmeiit for the rural

- water supply, the’ Categonzed villages ‘are further * simplitied and " re- 'urangcd
considering the available water. resources‘in each sub-area as presented in Fig. G.4.9.

The water resources avallable in the Study area are cons;dercd and ev alualed as stated

‘ bc!ow '

a) Sprilxg Waler -

Spring water resources are available'prcdominanl'ly in ihe hilly areas such as the
Phangyul and the Rubeysa sub-areas and some parts of the Bajo and the . obeysa
areas along hitly areas: Many springs have been’ developed for the wural water -
Sllpp]} schemes so far mainly by UNICEF, and v1llagcrs who do not have: their
water supply schemes also take water from such- springs available nearby - their -
houses. This source is conisidered as the most liable one in thc Sludy area for mral
water supply.



APPENDIX G

The Shady en Groundwater (fovelopment in Wam;&ﬁofmﬁanqpas.rmr othufﬂ L

b) Sub-surface Water

Sub-sufface water resources are available in low lands such as alluvial terraces
along the Chang Chhu in the Bajo and the Lobeysa sub-areas. A shallow well has
1o be constructed on the low lands 1o utilize this water source. According to the
results of the monitoring conducted during the field survey, 8 Usec of yield is
expected in a 3.5 m diameter of well with 1.6 m of drawdown in the Bajo sub-area. %

© ¢) Groundwater

The groundwater resource is also considered as one of the most promising sources’
in the low lands like the Bajo and the Lobeysa sub-areas. According 10 the resulls:
of test boring conducted during the field survey, an yield of 150 Fsec is expected
for a 10" diameter of borehole with 50 m and 80 m depths in !hu Bajo and the
1.obeysa sub-areas, respecm ely.

il) .Slrea'm/Ri\-'er \Valer

“There are niany’ s!reams and rivers a\mlablc in the Smdy area. Anmno others,
pereniial streams are found to be a quite few in the Study area except for the
‘Chang Chint and the Dang Chhu, and such surface water may be infected and..

~ contaminated by animal wastes and tand sliding soils. It this source is ut:hud for
the use of domestic water supply,.it is essential to provide the supply system with
treatniciil- fauhucs to the extent that enables to supply safe water. Iherdm this
water source is not.recommended for mral water supply

Consmermg the. abovc dlSCllS:-lOﬂS, the fo!!owmg cases are e\trac!ed Ior ‘the illilh..

Study
R T :
Cases to be Consideréd in the Study .
Uase Ieseription, . Remarks
Cuase §-1 Spllllna‘, Developiient - New Now sprigt developiiend for Targ : govp o hoiahobls of mers than sex i 1=..-11-l‘- EI Y
o ’ o thz Tafly grzas Wbt Phatipy il asd the Radrey sg sl af zas
{arge)
Cace §-2 \P“m_ Development - New Nuw spevig developtnaid Lorzmal g of B ||~..1l‘H \Il LRI RITRIRE S e
{Qm I”) fon the lally of2as ke e Plusigy ! wad the Radbey<a =

Copxz 8.3 Extgai i of sl ftionab spring dovelopinent fot brpe gty of hschelds o maag thar s

Spring Davel: »pnknt
s iy ofiph -d fa the Tudly o 2as Bk he Phomgnod i il Ribay o it zae

Extevsion (Large)

Spting Developoent -
Fsteosion (Small) ¢

Water Treatmenl
Cirounrdwater vs. Sub-sififage
Dc\"clq;-mcn_l (Lasge)

Case 85-4 Extareaoit of o 8tond sprig develeprment o Birggz g ol bl 4 of b ss thar IS

18 cainly apded funn..hdh st Uk fhi Phangysd sl dis Rub ey

Cage T-0
Cage 131 .

\i\.lh.! hgal e st of on rapicrad Feih Roleysiosibio 2

L Cirottalw gtor o SetboaniTaes wator devclogniend srh:luc I'nl‘! \: 2[-' 3
: ! £

Case H.-Z

Grotndwaler vs, Sub-wrface
1heveloprant (Srall)

Gt

{dss e ll il nm. N

. ot do gt ppled o
Case b1 ¢ Spring vy, Growndwater Ejrig of groundn fer dovaopanenl sclicng for farge pronp of e
. I honrerd o 3 fof fhe Leley-a s & 4TSt ety 2 cotnparz Te b o
) Develo . AP 10 for fhe Leley & I
: : evelopuent (Barge) shich ereouscs v 1o b2 applied )
Care 3-2 - Speing ve. Greundwater Spring o groamd arer dovaopmant schems o dwge gonp of hows.

Deselopaiont (Siall)

(4 a0 e Bl ey sa sl ares Owmmtiiction eosts arg vemgueed vk 2
hach Fasciec2 15 10 b applied 3




APPENDIX G

The Study on Groundwater Development in Wango’upphw ang District of Bhutan

lhc sizes and scales oflhc 1ypxcal villages for the study are tabulated below.

Summary of Sizes and Poputation of Typical Villages for the Study

_ . Present Regquired : Fursting .
. Dype ot Popatation | Pepulation Mo oof Distince Storige | Detme e Slpe
Case Water Source Schome | 1ale Senved Seoved | Tup Stands | i Source | Tark Vo? | Steadppe { Condtion
) : . Amy ;] a3y “g2} ‘
Case §-1: [Spring Water New B . 15 R C R 196§ Steep
Cise §:2. - Spring Water New , 1] [ ‘ 3 ] 1ae] steep
“Case 53 fSpring Water . Extension w A s BRATER T Las] e Steep
Care 54 | Spaing Water Extension o n ) BAu| Mo Tank L] Stewp
Case T-1: - ) Deiton ki -k - . i3 - P
Case B1: [Groundwater ; New : Sty - ' hd L S RUEY BRS.RAN
Sub-surface Water New [ 7 ¥/ I ’ 20 117} I B KL LSRR
Case B2 [Groundwater ¢ New T o6l 5 BT I Co ] A
‘ P |subswfate Water  f° New Cole - ts ol - T e A
CasaL-1. |Groandwater New .28 - 2 (g N [ IRILE \
Spring Water New as¢ - CN RS - 150k,
Casé L-2 {Orounduater. New ) - 3 b - R

2) Selected Methods of l')e:velopme_l'n X
a) . Lobeysa Sub-area

In the ' Lobeysa sub-arca, "there ‘are’ development - schemes ‘required 1o be_
implemented as shown in’ the table. Two.{2) New Schemes (A) and (C) are
considered as Case L-1 and Case L-2, respecli\fely taking into account of the
availablé water resources in"this sub-areas. The last Extension Sdlemc (B) is
regarded as C ase S:4 because the prcsent scheme dcpcnds on lht.. spring \\mc:_

FESOUICe.
As for Cases L-1 and l -2, therc are two Development Schemes Required
(2) options to be considered; the ____ inthe LobeysaSub-area .
constauction: costs are compared for = | New | New |Extsion .
utilizing ‘spring water and- groundwater - Mem SC"‘“W Scheme|Scheme
resources. The followmg, typical'schemes ., . = . AW | @ | om
are consldcrcd for (he comparative siudy Population ~ '
of CaseslolandL-2; - .. . . Mo ofVillags

- Average Pop.

=- RE ) e 5 ‘]‘: ]
E Tex
ur A .lr.-w|
EE

“9( i | :
! r‘ "’”i an 19;!1

OPTION-1 (SPRINGWATER) :  OPTION-2 {GROUNDWATER)



APPENDIX G

The Study o0 Groumdwaler Development in Wangoluspbodrang (istrict of Bhutan

Case L.-2

OPTION-1 (SPRING WATER)

OPTION-2 {GROUNDWATER)

The construction costs are calculated Comparison of Construction Costs for
Cases L-t and L-2
(Unit: 1,000 Nu.)

for the aboye options, and the costs
for the Option-1: Utilization of Spring

Water arc considered lower ' than Option-i Option-2

. - Case {Spring Water) {Grouindwater)
those of Option-2: Utilization of T 5118 3838
* Groundwater as summarized in the i 657 p

:. b)

2.008

right table. Therefore utilization of

the spring water resources is recommendcd for ( ases L-1 and l -2

As for (‘ase S-4: Extension Scheme of the
- Present Spring Water Source, the water:
“supply system consisting of collection tank,
reservoir tank, break pressure fank. etc. is
“recommended to be applied as shown in the
-right ﬁgtue

. Bajo Subf_aroa

“There ‘ate three (3) .schemes: to be
implemented - “for, - water. . resources

development as summarized in the table. Out

of the three (3) New Schemes (A), one ) -

schcme is located’ away- from the potential
area of groundwater and sub-surface water,
and hence it is considered as Case S-1: the
new development scheme of 'spring- water.
The other schemes  are located  in ' the

: polcnhal areas of ecither groundwater or sub
- surface water, and then are reg,ardcd as Cases
B-1 or B-2, which include two (2) oplional water sources of groundwater and sub-

considered for the comparative sludy

(-ASE S-4: EXTENSION OF

it
o
l
I

SPRING W_ATER SC_HEME

Deveiopmenl Schemes Requlred
cin lhe Bajo Sub-area

; ; New | New | Addi-

Hem S’-.hcm_g ﬁcliclm‘ tional

o A | @) [Scheme
Pepulation gyl 6l 185
No. of Villages 3 i |
Avcrage Pup. 128 6t

¥
B

- surface water, The necessary construction costs ‘of* these - two (2) options are
- compared with each other to' determine which option is more suitable and
~appropriate for the basic plan. The following two (2} typical schemes are
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‘Water as summarized in the table. -
‘Therefore, the g:oundwater [ESOUIces are rccommcndcd to be uuhzcd lo: Cases B~
'} and B- 2 P :

As for Case S-1: New Scheme ol the Spnng,
- Water Source, - the - water . suppl; system

Case B-1 ;

The Study on Groundaaler Development in Wangdusphodiang Distret of Blutan _

OPTION- {GROUNDWATER) ' OPTION-2 (SUB-SURFACE WATER)
- Case B-2
e IéL/f .
S
OPTION-1 (GROUNDWATER) . 'OPTION"—.‘E_(SUB-SU’RFACE WATER}
‘The - co_ns‘lh_lcftion A cOst§ L oare Companson of Construcllon Costs for
calculated for the above options, = - | Cases B-fandB- 2
and the ‘costs ‘for the Option-1: SN L . Qnil; 1000 Nu,) _
Utilization :of ~ Groundwater -are . Qp[mu-l P Option:2
o P . T Case {Groundwaler) : (Sub-surfuce Water)
considered ‘lower than thos¢ “of o 1278 434
Option-2: Utitization of Sub-suiface 35 | 3966 1 3317

consisting of collection tank, reservoir tank,
break pressure tank, etc. is recomniended to
be applied as shown in the figure.

T CASES‘i NEWSPRiNGWATER
Pl}angwl Snb area C R SCHEMF

: ' ‘ Deve!opmeni Schemes Requtred
? ln the L obeyua sub area, there are. - in the Phang yul Sub-area

~ the development schemes required o S| New | New | New |Extsion
to be implemented as shown in the Cdtem . |Scheme| Scheme| Sebeme| Scheme
table. Two (2) New Schemes (A) (A | m) | € | (A
and (B) are considered as Case S- Population 361 w| s a7
1, and New Scheme (C) is No.of Villages 3 o 3
“ considered as Case S-2 taking into Average Pop. 120 9 18] 76

account that the available water
resource is only spring water in
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' _lollowmg typical schemes are constdered

~options to be considered; the construction

this sub-arca. Theé Extension Scheme (A) is rcg,arded as (‘ase S-3 begausc the
present scheme fully depends on the spring water resource.

As for Cases L-1 and 1.-2, there are two (2)

costs’ ar¢ compared for “utilizing spring
water and ~ groundwater  resources. The

for the comparame study of Cases L.-1 and - -oeit o
{2 'CASE 41 NEW SPRING WATER

SCHEME {LARGE)

CASE 5.2 NEW SPRING WATER  GASE 53 EXTENSION OF SPRING ;
SCHEME(SMALL)  ~  WATERSCHEME {LARGE).

it is conmdercd as unncwssaly to conduct any cosl companson bclmcn different

water sources, because nnly the spring water source is avmlable for the rural water
supply i this sub-area.” The water supply systems indicated in the above ligures:

consisting of collection tank of spring water, reservoir tank, break pressure tank,

etc. are recommeuded to he apphad for the spnng waler dcvclopmenl schemes i in

-tlns sub area

© to'S-4 taking into account that
the available water resource is : b
‘3 onIy spring watér in this sub-arca. Watér 'healmeni Scheme is consu!ered as Case

Rubcysa Silb-a{ea

In the Rubeysa sub-area, Ihc:rc_ : Devolopmenl Schiemes Requued

are  development schemes .. ___Ini the Rubeysa Sub-area__.
required to be impleimented as, - - New | New | I | Water
shown in the table. Two (2) floun h“('i:';” g":‘t“;“ 3‘(]?;")"‘ “":‘t‘;‘;" qld“‘”'
aciwne
New | — o B8 .
ew Schemes (A) and (C) s T RTINS ] DR
cand  two. (2) Extension N of Villages 2 ol 2

Schemes (A) and (B) -are’ Average Pop. ! Rl RS ey Y
considered as Cases from 8-1 : : S

T-1, because this scheme mcludes only the component of water ircalmult for iron

‘:rcmoval SRR _ [
| e PESOR g

it is considered as unnecessary to conduct UL \_J___k,“j‘
“any cost comparison between different water - 5700
sources, because only the spring water source A ]! R
“is available for the fural water supply in this L

sub-area. The water supply systems indicated CASE T-1 WATER TREATMENT SCHEME

G- 36
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in the previous sub section consisting of collection tank of spring water, reservoir
tank, break pressure fank, etc. are recommeinded to be applied for the spring water
development schemes in this sub-area. The treatment scheme proposed to be
imp!emcnted is considered only for one (1) existing scheme in this sub-area, and it
is recommended to be composui of a iron removal tank beslde the existing tank as
shown in the figure in prewous page. :

G.5  Implententation Schedule and Cost Estimate - .

G.5.1 lm'plmmltalion‘_Séhedulc

(1 Basic Consideration

Prior 1o setling up the implementation schedules for the Basic Water Resources
Development Plan both for the urban and the rural water supplies in the Study area, the
~ following items are considered in order to make the implementation schedule ' more
effective and more suitable for the Study atea taking into account of the matters and
* factors dlscussed in lhe bcgmnmg of Chapter G4 of lhlS Appendnc ;

A Urban Watc: Supplv l n

- 'The present urban water supply systcm faces lhe constraints both tin quanut) and
quality of the supplied water as aforesaid. To achieve the maximum. eftects of the
project implenientation, the quanmy of suppiled water should be increased as soon-as
_ pose:ble in accordancc with the projected future demand. :

_-—2' The planncd scale of the water supply syslem is set at |, 700 m /sec only, which i is

" considered so small that it is difficult to- construct the ‘proposed - water distribution
station and the convcyance plpehne separatet) baed on eﬂmenc; and ccononuc
aspects. ' : o

- Thcrefore,ﬁ the construction of the proposed conveyance pipeline and distribution
station is recommended to be implemented by the first target year of 2002, and the
imiprovement works of distribution n¢tworks and the introduction of metered system
are implemented later by the final target year of 2007. '

Rural Water SupDIv Plan '

- The prcsem service falIOS of the sub-areas are cons:dered to be one of the tmpmtam
 factors (6 determine the priorities for 1mp1mnenl1ng the scheies in each sub-drea The
. priority of the arca-wise implementation is proposed to be set i), Pliangyul sub-area, i)
" Bajo sub-area, iif) Rubeysa and iv) Lobeysa, according to the present service ratios of
" the respective sub-arcas; 88 %, 36 %, 36 % and 69 % for the Lobcvaa lhc Bajo 1hc

- Phangyul and the Rubeysa sub-areas, respeclwcly

- - There are eight (8) categorics of schemes proposed to be mlplemenled z\mong, these
schemes, the first priority is recommended 1o be given to the scheimes for villages

G-37
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which are considered to have no supply system at present and more populatton to be

served.

-~ Water treatment scheme is proposed to be given the last priorily, because the quantity
of supplied water is judged to be the most important and essential in planning.

- . Extension schemes are proposed to be implemented after the new schemes which are
proposed to be implemented in the villages having no supply system.

(2) Ucban Water Supply Plan :

“The urban water supply system for the Wangduephodrang town area is proposed 1o be -

“implemented as shown below based on the above-mentioned items.

Yol
Weak Memns 1557 11905 | ¥990 | 2000 | 201 ] 2002 2003 | ek § 20 ; coik T
Detai kJ [re<ign and Adminislrafive Asvangenents £ ' : K i
Comveyance Fipetine : . ' :
Water Tzéatment and Distribution Statin H i !
Disteibuting NMetworks and House Meters }&m

IMPLEMENTATION SHCEDULE OF URBAN WATER SUPPLY SYSTEM

(3) Rural Water Su;ipiy Plan

The rural watcr supply systems for the sub arcas are proposed to be unp!uuentcd as
shown below lakmg mnto accoum of the above- mentioned items

- : “Yea - ; ]
 SubiizéaScheme e | Poccity { 5T T V958 [ 195 | oo | | o | 2005 1 s - Sk ! 3md X7
Hiebmm Subiee TP G ' S : ! : .
New Siterne £A) i |0 S P L
FeaSchame(Cy . . o 12 | 02, _ b ' . ey
¥ steneen Scheine {_ll) 5( Q3. : ‘ m
Hijo Sub-area N e ‘ : ‘ .
New Scheme (A) . nys-a] €1 S
New Scherie (C) B2 | €3 . Eﬁm
@dd;iioﬁﬂ Scheme -1 0-2 M ;
Changyul Subwes 6] [ i :
New Scheme (A) 51 L1 B ] w i H
New Schemne (B) 3 Q-2 ! i o
New Scheme Uy . 82 0.4 : i ' } :
Extension Scheme (A) - s3] 03 !
— |
New § Jmne(A) t S5 -1 } E
New Schemd {C) 3 ) ©4 L
E\'mxmf\ Scheme (AY ) 53 9'2 : Lo
E\!h\: m Scheae [[() { S e 9'3 | ) i
Wates Treatmend Scheme 4] .5 m‘. o

IMPLEMENTATION SHCEDULE OF RURAL WATER SUPPLY SYSTEM .
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The project costs for implementing both rural and urban water supply schemes - are
estiniated based on the above implementation schedules as shown in the table presented in
- the next page. The total costs consisting of direct costs, engineering fees, administration
. fees, and physical contingency are estimated as Nu, 231,100,000 for the urban water
supply system for Wangduephodrang town area, and Nu. 44 ,200,000 for the rural water

supply schemes. ‘The total project costs account to’ Nu. 275, 300,000.

The details of

estimated costs are explained in Appendix-J including the propomon between lhe focal and

forelbu costs.

Summ'ary of Projeci Costs -

CUnd Na LI

Descripting Costs Deseription Dosds
I Urban Watee Supply System For WV mg!u.phv‘-d( mg, To woArea 1. Rural Water Supply Systems
1 Lyireet Casts 172¢F L Lobevsa Sub-area . IR
1 | Convevance Pxpchnc i ‘ o1} 2 BayoSubares 181
L 13 Tredinent and Wter Disteibation Sttt | ©45s] 3 Phomaul Suboaren e
1 3 Distribution Networks and House Meters 171] 3 Ruboysa Sub-area Pl 649
© 2 Engineenng Service 35 : ~ Towd Y
-3 Administeation Costs 62 :
' Sub-total Hig
k) P}l\\tu! Conlingency - .. 173 . .
Total S231 2 Cirand Total | 25 3

The above estimates are made based on the pI’ICC‘S m July }99‘» with thc e\changjx, rath ot
30 SS Nu/US$ and 100 yenfUS$

(2) Annual Disburscment -Schedu!e

. The annual disbursement s;hedule is also set as Shown below b'ased on, the :mplcmentauon
schedules prepared in the prevlous secuon : - :

i

Annual D:sbursement Schedule for Implemenlmg Urban Water Supply Scheme

(UR i Nu 1Oy
Year
Work Irems 1T 1938 11999 F 2000 | 3000 § 2002 ] 2003 | 001 2005 w6 | D67
‘ L 'si@@mhmf%s_ 0 s fmiressl 93 0 e IR IR R
L &3 | i ‘
,,,,, . N o
93 A Y
vie T BT TN 1 o
5 Ahmmshatun(‘os"s : 03 20} 32 -104 o | U1 91 s
~ Sabtotal 90l 107 720] 1984 136 . 0nf 0. G4 da a6 o
0 Hﬁmcal Coslingenwy | P60 95l 09 L E R )
e T Totsl aol 157 155 . 98] ol w0l 30 330 ga

06
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Annual Disbursement for Implementing Rurat Water Supply Schemes
(Unt Nu Loy

Year
Sub-areaScheme 1997 1 1998 ] 1999 § 2000 | 2001 ) 2002 | 2003 ¢ 204 | 203 ¥} 2R

Lcboysa Subnarea

._‘.5

. B - i43
1 04

[ RN O RN N T'T'L SR SR TRV B SV S .
' 32 : %@
- TR S ,,,.’,.‘ . v : . W

B - - i
s T
25
75! -- - 13 —_ - *
a5 S
b L 0 L .
Fersiih 3 SR R RS R IR N3 R
B mjg\p;muw; — N S IR R DR R S EON R
Water Treament Scheine : o ;
Toal 3 P15 281 1063 16 33 18 15 13 [T

G.6  Institutional and Organizafihnal Aspects
 G.6.t Constraims of Present Op(‘ralion and Manﬁgcinénf

According to ihe I)zongkhag 8 admmaslrahon the water supp]y system for the wrban’ water
supply is operated and manag,cd fully with the Dzongkhag’s responsibility.: The PWD Section:
(the Municipal. Corporauon Sccllon) of the Dzongkhag is responsible for the actual operation:
and management of such <uppl§ system l‘rom the mlake to ihc lateral dlsmbullon plp(‘hl](‘s for.
housa connechons

Rural Water: 'Suppl; and. Samtalion Section oflhe Dzong,!\hag s PWD Section ldI\LS care of
the rural water supply system. They conduét the maintenance services for only the defcus and
troubles wlm,h thc benehcml farmers are not ab!e to rcpalr or fix by their own cﬂmts '

’l‘hc foilowing'co'ns_lraints were found in the prcs'ent operation and managcment ‘of the urban
and the rural watcr supply systems through the field surveys.

- Shorlag,e of skllled and e\perlcnced stafl’ numbers for thc operaiuon and maintenance.

= lLack- of tccthaI knowledge and know—how as well as lools and cqmpmenl to deteu and _
L fix leakag,e in the distribution nemmks

- Shortag,e of lhe budgel al!ocatcd o lhe operatlon and managemcnt ol thc water supply
- sysiems.

- Hlegal connection to the distribution sysiem found in the distribulion station and networks,

- “Low moralny of the beneﬁcrarles on waler usage particularly in thc town areas; many
- walter taps are found to be lelt opened throughout a day even during the periods when the
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water is tot supplicd under the present intermittent supply system, resulting in the huge
volume of physical loss.

It is considered to be necessary and important to improve the above-mentioned situation
urgently. If the new supply system is introduced as proposed in the aforesaid section, the
operation and maintenauce is considered to become more complicated and more numbers of’
skilled and expericnced staft and engineers arc cs‘:cntlally required to achicve the objectives to
realize the stable 24-hour supply of safe water in the town area.

G.6.2 ‘Proposed Organization and Staffing
() NeceSsitybf Iintroducing Metered System in Urban Water Supply System

Water charge is not collected at present for the urban water supply except a service charge
of Nu. 9 - 40 a month depending on the class of beneficiary’s house, and most of the
“expenditures necessary for operation and maintenance’ of the present urban water suppl)
“system have been managcd by the Dzongkhag’s own budget allocated by the government
SO far . ‘

“The operation and management costs for the future sapply system is considered ta increase
‘comparing with thé present oncs, because more number of staftf and engineers as well as '
tools and equipment are required to manage such systens in the future. In addition, the
‘present low morality of the beneficiaries should also be improved at least to reduce such

~ high rate of phys:cal losses. It is, therefore, proposed to introduce a ‘systematic water
: coilcctlon system with a proper watcr tanff before the water producllon redches to the full
stage as proposed ‘The mctered system is afso required to be introduced the néw water
supply system in order to measure collectly the volume of watér used by a beneliciary. The
tanﬂ rate should be set considering: those bcmg, apphcd o thu other cities' such- as

h:mphu Phuntholmg eté. S

(2) Proposed ] uturc Ofgunzauon

NoO new org,amzatlon is recommended 1o bc established 1o implement the proposcd urban
and rural water supplv sd:eme because it |s cousequenlly ]lldl,(’d as follows

- the presem D.gongl\hag 8 org,amzahon is conssdered to have functioned so tar well

- enough to proceed with s implcmematwn of various schemes as well as operation and

o ~ - maintenance services at least in view of the rural water supply, since most of the daily’
PO and routing maintenance vorks are baswally to be mauag,ed by the bcuchc:anes
gg P Ihemsdvcs : : o '
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- on the other hand, it is considered to involve some constraints in operating and
managing the urban :

water supply system as dl’lﬁ'"‘“ﬁ”*'“"i*; 'ha)
. Wangduephodreng, Thimphy, Pueakha
stated in the above sub- ¢ l
chapter, which requires I T 1 i
some extent of the W0 Section  Adasiistrative Section
reinforcement and Iongkhag Enginecr (2F) : -
enhancement of the ‘ | o [ "] [ Mteter Reading and Mitting Seutien
] ’ F- Mes Supply . -_ wlctpal € ok pos ellun o AL 1
present Organization  [amsmmesnial [ e (Newty Mtachedy
Lo . : 1 P <P
particwlarly in the human ¢ Pt R
. X PR =i ' C b B . it <o s !
and material resources | cupeson [ Omns b !\»ﬂ,g,..{. et e A
nd Maintendue !'M"m:‘:"%lm"! : T aattyn ¢
aspects, an Wodben s 1 e ! : ‘
) ‘\ w urku';:"} ,.‘ '
- taking .into account of PROPOSEDORGANIZATION CHART

the scale of town and the

served population, it is not necessary to establish such new independent organization
only for operating and managing the water supply system to reduce lhe costs and
cxpendllureq neceasat}' for such managcment

]hercfore it is proposed to maintain {he presenl D/ongkhag s org,am?allon wnh a !11(!0
* enhancement and- remforccmem in human and material resources, and the organization
i presented in the ﬁgnrc is proposed for the operalton and mana;gemcnt of the future urban
 water supply systcm

-Only a sub seclion: for meter rcadmg and billing is proposed to be aitadmd to the
. Administrative Section of the Dzongkhag ()fhce m order to oul}ance and lam]uatc the
~services connected to the bencﬁcnancs o

. G.6.3 'Oper;ition and Main(em\ncc' Co;is_

The operation and maintenance cosls consist of the following items:.

the salary and other necessary e'xpcaidituiéé for the operation and maintenance stafl,
- the costs for electric charge to Operate the distribution station,

S :cosls for such chenncals that are applled for trealmg lhe dlslnbulcd waler smh as chlorine _
and coag,ul'mt and .

f

) rcpairing and réplac‘einénf costs for l_ho distribuﬁo'nsla_!io:{ and networks.

" The calculaled operatton and mamtenance costs are summarized below “and the details of
these costs are e\plamcd in Appendn\ J -
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The Study on Groundwater Development In Wangduephodrang Distict of Bhutan

Annual Operation and Maintenance Costs
: (Unit: NUELT000)

o 1997 11998 | 1999 [ 2000 1 2001 | 2002 [ 2003 | 2001 . 2005 [ 2006 © 2007
Rural Water Supply wzel  wsi| 4059 w313 sez7l Jose| TR 35T 16T e RIS
Urban Water Supply | sz620  s262|  s262' 52620 22198) 2024 23024 23124 231240 26280, 26670
Total 3082  £613 9321l 9575 28022 30164] 305138 206950 AGB40. 314235 3870

% - G.7 Recmlllnendaliml

The recent growth of the country’s economic activities are remarkable and significant both in
municipalities and cities’in the country. In Wangduephodrang district also, the tendency’ is
considered as same as the other towns, and maiy people gather 10 the town area resulting in
sharp increase of the population in the town. In the rural areas surrounding the town, the
population growth is belicved to be faster than the previous decades, because the mortality is
expected to be improved significantly due to the recent growth of BHU networks, etc.

‘Under these situation, it is considered to be quite important to provide the inhabitants with -
safc water by stable water supply system in order to give the nationals the fair opportunities
- for improving their fife- standards. Especially. in-rural arcas, it is essential 1o provide the
vnllagers with sal‘e water to maintain their lives in safe and: stable conditions considering that
- the present semcc ratio ‘remains as low as 67 % in avcrage in the Study area. the town.
“inhabitants are at present facing the shortage of water gelling water intermittently. It is, -
_ therefore, recommended to lmplcmcnt the proposed schemes as basic huiin:needs without
%}E delay in order to realize lhc safe and. slablc lives both in riral and ‘wrban societies in a
* satisfactory manner. : ;
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Table 6.2.3 List of Rural Water Supply Schemes implemented by UNICEF

1 - ‘ Five Year Plan
_NO.| Nameof Dzongkhag | 1V Plan | V Plan VIPlan | VI Plan | Additional| ‘Fotal
WESTERNZONE | N IR

A fThimpha 0 Hf 4y 30p 7
2 |Paro 1) U B
3 [Haa 200 4
4 [Chhukha 45 28 2
3

—

97
10l

Samishe . 74 18] -
Sub-total o 22 - 250] 128 21 L
WEST CENTRAL ZONE ' |

92
432

e
1
—E D e A
RS IR
R
)

o MjGasa ) op 9 B2 N 2l i
2 [Punakha b a3 gl 300 9f 6l 106
3 fWangdwe | 6] 68l ss| 7l sl o pl
A fFshieng ol ol awf o as| o 3 87

5 [dagana - . o} 5 36 14 H 2 58
8

Sub-total f Q_ 52 2021 '_; i16 sl

_ 406
CENTRALZONE o

U |Bumdene L ol s ) et 6T
o 2ffrengsa -1 sl a3 ipof o 3l 7
 3fzhemgang | Cae| a6l a9 ol w
AlfSapang  F | oasp T sl sl 2 ol s

' el 1295

5 Subiotal - | - o35] 7 0] 0 94l 0 Td0
EASTERNZONE,  © | .. f ] |
ljthunshe b el a9l 30| < qf 7l 89
C2fMomgar [ 6] sl asl o eof el s
S Twshigng |34 el | w0 a7
._____4__'_l.".r_ésrhiii‘n’agrlgtshe : S23 a3l s U | R 73
6

5 {Pemagatshel 1 3) 24 28 o) o4l 7

Samdrupjongkhar 4 1| of 3 g9
Sub-total - . tol 301 144] 59 80 655
ot S0l 0 oss3p o 482|128 ss| 0 17ss.

1,000 -- — f
:3(,03__. e N
600 4 - "_'":'T"' -

| IV Plan

' £V Plan

200 - !iiW‘i RN s e S A
ol Il _1| H : Vi . = N

IV Ilan V¥ Plan - VI Plan Vil Plan - Additional 32 Additional %

.

. B3VIPlan

No. of Schemes

BV Plan

Five Ycar Plans

]
o
=



1995
Category of Population Residents Dayvisitors ]
1. Township Area 1,820 0
Restdenls o - 1,820 0
2. Commercial and § Shopping Area B s20l 00
Residents : 520 T
- Visitors N 0 ) 400
: 3. Monk Body (Dralshang) ' © 65 S T
Monks 65 0
4 Administrative Organizauo:}m-_ —mu'diiiﬁﬁ“m_“ﬁ_ﬁ f_ I i_?_ﬁ
Dzongkhag Oflicers 5 75
Other Public Organizations ) o - 55 s
5. RBA Complcx i __ B . 1190 7 o 7735@
6. RBA Outer Quarters j Spgsol g
© 1 7. RBA Hospital ) s 200
S Beds L 50 : 0
‘Doctors and Staﬂ 125 0
‘Qutpatients ol 200
=3 Primary School <20 o B 600
- Staff and Residents 20 0
o Students ¢ . 0 ; 600
9. Junior High Schoal - 10 o 600
- StafY and Re51dents 10 -0
Students . | s 7 R 600
10 RNRRC ((‘ARI)) Ofiice. | } 225 G
__Rwdcnts‘ 2250 0
()rand Folal 6,035] - © 2,320
Table G 3 2 Estlmated Populat(on in Extended Serwce Area
- - 2002 | T
Category of Population _ " Residents | Dayvisitors ~ Residents. l)awssnors
1 Junior High School in Bajothang* ' C10 220 C16S 435
. Students : 0| 200] 0 400
Do: mitory | 0 0 150
" Teacheisand Stalf . . o 19] 200 ISP 350
2. Agricultural \1achma:y Ccnter (AMC) -0 7 0 -7
- Staft and Workers 0 7 0 7
3. Druk Seed Corporation (DSC) 37 6 37 6
StaflY and Workers 37 6 3 6
Total 47 233 202 448

Table G.3.1 Surveyed Population of Wangduephodrang Town Area

Not\.

SR

. The operation of the junior high school being consteucted at present in Proper Bajo will b«.
commenced in 1997 The students of the present junior high school will be translerred to

the new one when it is in operation in 1997, The cirolemcnt of 1,000 studcnts are
scheduled, and the donmitory will also be constructed for {50 students.

G- 51



Table G.3.3 Block-wise Population and Water Demand

(Popuiation)
: Blocks - o
~ Categories of Population 1 2 | 3 A 5 6 | Totat
1995 .
Population in Present Service Area 2,935) 1,555 950} 2,743| 145 0] 8328
Population in Extended Area IR EE IR R IR DL TR R
Total 12,935! 1,555 950 2,743} 145 0| 328
2002 :
Population in Present Service Area 3,372| 1,786 '1,6]8 1,926 166| 098] 9,567
‘Population in Extended Area BE - - - - | 280|280
Total o 3.372| 1786 1,618] 1,926] . 166| 978] 9,847
2007 . .
Population in Present Service Area 3,723 1,972 2,368| 1,545¢  183| - 77| 10,562
' :fg_pulauonm E\l_cnded Are_a - - - - < | 650] 650
: ~ " Total . 3”7’2'7. 11,972] 2,368} 1,545 "i§x 1.421 "’1’1,215
""(Wa'ter Demand) C g (Unit: av'/d)
: o : N ~ Blocks - R
Year T 2 3 a5 | 6} rotal
19958 : ' e - N
Average Daily Demand | 286]° 152 - 93| 267 oap - | os12
Maximun Daily Demand (\I 25) 358 189 illﬁ 3341 18} - 1,015
20027 EENE SR LR N I PR IR
- Average Daily Demand . -0 | 310] 164 ;149 Sy as| 90| 906
C Maxinum Dally Demand(xl%) C 388| 206 ,186 c2221 19 3 1,133
2007 i ' o N PO N
Average Daily Demand atr] 217 261 170 20 157} 1,236
Maximum Daily Demand (x1.25) s13| 272f 326] 213 25 196] 1,546
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