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PREFACE

In response 10 a request from the Royal Government of Bhutan, the
Government of Japan decided to conduct a study on Groundwater Development in
Wangduephodrang District of Bhutan and entrusted the study to'the Japan International
Cooperation Agency (J ICA).

JICA sent to Bhutan a study team headed by Dr. Shoji Kanatsu, Pacific
Consultants International and Composed of sfafl members '(:)f 'Pacific Consultants
International and Chue Kaihatsu Corporation, four times between February 1994 and
January 1996.-

The team held discussions with the officials concerned ‘of the Royal
Government of Bhutan, and conducted fi eld swrveys at the study aua Afler lhc tcam’

“returned to Japan, f‘urthm ':ludu,s were made and the prcscnt rnpo:i was prgparcd

I hopc that this rcpo:l will coniribute lo the proamotion oflhc picucct and lo the

: cnlmncemcnl of friendly relations between ont two counlrics.

1 wash o expiess my sincere 1ppumauon to the ofﬁcnls cmlcerned of the

l{oyﬂl (Jovcmmcnl of Bhutan fox thcu closc coopc (lthIl cxlcndcd 0 thc team.

M'uch 1996

//f

Km_uo I lljll'l

President

~Japan l_l]lé;’niali01lal Coop'cfzi_tion Agency



March 1996

Mr. Kimio Fujita

President

Japan International Cooperation Agency

LETTER OF TRANSMITTAL

- Dear Sir,

We arc pleased lo submit the final report entitled “The study on Groundwater
Development in Wangduephodrang District of Bhutan”. This repont has been prepared by

- the Study Team in accordance with the contract signed between Japan International
- Cooperation Agency and Pacific Consultants International in association with Chuo

Kaihatsu Corporation.

Ihc repott u:ms:s!-: oi'lﬂcccutwe Sumnmy, Mam chon and Suppcnrluu3 Report.

B .\cculivc Swmmary sununanzcs the 1csulls of all sludics Main chort presents the results

‘of the whole ‘:mdy ncludm,g, waler resources poicnm! water resources cvalualton bas;c |
“waler resources devcjopmcnl phn’ urban watcr supply p1an for Wangduephodrang town and
Yirrigation improvement plan. Supporting Report describes data and technical details of the
:camrc study ln addition, l)rawm;:,s and Dala Book havc bccu prcpaled and. submitted

hcrcwnh

;\ll mcmbcrs of lhc Sludy lcam wish to exXpress g,ratcful acl\nowlcdg,mcnts lo lhc;

'pcrsonncl of your Ag,cncy, the Mmlslry of F orc:g,n “Af¥airs; lhc Lmbassy of Japan i in lndm :

JICA India oftice and JOCV Bhutan coordinator oflice and also to officials and individuals
of the Royal Government of Blutan for their assistance extended to the Study Team. The

Study Team sincercly hopes that the results of the s'ludy will contribute to the improvement

of the domcsm and Ifl’ljpﬂilﬂn water supply condﬂmns and  the social 'm([ econonnc

dc\ c]opmcnl in Wang,ducphotran;, district.

Your Faithlully,

y

/’?"

/ Shoji Kanatsu

Team Leader
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THE STUDY ON GROUNDWATER DEVELOPMENT
IN WANGDUEPHODRANG DISTRICT OF BHUTAN

ABSTRACTS
I. BASIC WATER RESOURCES DEVELOPMENT PLAN
1.1 Basic Coneepts
The foflowing items are considered to be the basic concepts of the Basic Plan.

Irrigation Water Supply .
- Achievement of the effective trrigation water use
- Achievement of the effective land use

Utiban and Rural Water ¢ Supply
- Decrease of the risks to various infectious discases
- Facilitation of the rural and uwrban development

- Provision of the basic human needs in rural and urban arcas
1.2 Ohjeclivcs of \\’alcr Resources Developnient

' '!n igation 3 Water Supph ; :
- Sustainable de\elopmem of “arable produchon to enable sell sufficiency in food
. é'producnon : ' .
- Improveinents i in lhc incomes, hiving and nutnt:on standards of lhc rural populauon
and : : : ‘ - '
- Sualamablc utlhmtlon ofnamra1 nsourccs S

- Urb'm and Rural Waler Supply 5 —
- Provision of the sale domestic walcr free l‘rom any u‘:k to mtecuon ' R
- lewalson ofthc rclnb!c and stahtc watcr supply Ihroughout a'day as well as a vear
1.3 l:ugcl \’ ears

The target years are sct as follows:

- 12002 for short térm plan -
- 12007 for long :ie!m plan

oL 4 \\’atc: Resomccs l)e\elopnmnl Plan for Imgalmn Water Supph
' (I) Basu, Snateg) for Irrigation Water Supply
Based on the results of the case study on the various possible countermeasures, the

following strategies are praposed for establishing the Water Resources Development Plan
tor lirigation Water Supply.
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Basic Strategy for lrrigation Water Supply

Arcas Targel Strategy
Low Flat Arcas Short Termi | - Supplving the sullicient irrigation water
- Applying the double pacddy cropping for 4% of present paddy
_ ficld e
Long Term | - Supplving the sufficient irrigation water
'/g' - [ - Applving the double” paddy cropping for 0% of present
el _ . . paddy field - _
High Hilly Atcas | Short Term | - Establistunent of ncw water management sysicin
- Applying the diversification for 10% of present paddy ficld
Leng Tean | - Improvement of (he water management svsten
L - Research en suilable crops for diversification

(2} Summary of Proposed Schemes Summary of Proposed Schemes

- _ “Cotcgorvofland -} Low Flat Arva [ Figh Tl Asea
the necessary _SlﬂlCllll’E-S are Canal Lengily {kmy A 302 - 36 o
preliminarily designed based onthe =~ Command Area by | 504 Coasy
above strategies, and the irrigation  Number of Benelited Houscholds | 202 |1 266
water  resources  development i N]“é“’\“‘m“i ’t” ‘l"‘[‘('!‘l‘l::‘; )' L ')lll: . lll—jfi.

iy - Jelal Construction Casl 18 - oo L
schemes are proposed as shown in * Required O/M Lml{l{l(}((l\m vear)y |0 02 15

the table.

1.5 Water Rcsomces l)c\ eto;lment Plan l'o: Ur ban and Rural Water Supph

i -3

(l)U: ban Water Supply ‘Syalun m ‘s\’ang,(hlcphodmng, Town Arca

I) Scwice Area, l*uture Popu!allon and I‘roducu\'lty of\\’atcr "Supp!v System

%lazggl.-y_ea_r 1%3;_'--2001_ ,..,-f'-zQQ:'»_

. Service Area: . . . HOha 130 ha.
- Future Population | - 9847 persons' . (1.2)2 persons
“ Unit Water Consumiption © 120 Iday/capita = 145 Vday/capita
' Future Water Demand 1,133 m3/da} . L133 m3/day .

~2) Proposed Urban Water Supply System

Intake and Conveyance Mc;hlies '
“The existing intake facilities are utifized, because their capauts is su!l:uent .
enough to flow the design discliarge of pipcline, : .
-The new conveyance pipeline is: constructed - increasing lhc uamu!\' hom thc :
present 8 sec to the future 20 sec. ;o '

Treatment F acility :
-The daily produclwnly is increased from 780 n/sec 1o | 700 m .fﬁ:en increasing the
capacity of the existing distribution tanks form 600 m” to 250 m
-1t is recommended to apply some water treatment for improving such hwh
tusbidity and reducing bad color content.

A-2



Daslnbutlon Networks and House C onneclion
-The distribution networks are improved as provision of house connections,

replacement of main pipelines, etc.

~(2) Rural Water Supply Systems

The necessary countermeasures are presenfed in the table for each categorized
I

villages/fcommunitics.

Population and Number of Villages to be Served by New and Extension Schemes

New New NWeow Widitional Extension | {35tension Water
Sab-arcas item Scheme | Scheme Scheme | 7 ;:‘: :m: Sehome Scherre | Treatment
_ (B Y () SEhe Ry i) Scheme
Whele fofal No. of Village 9| 1 12 1] 3 2
Avea Average Population 131 19 M 185 99 41 123

Nete o New Scheme (A): More than ¢ houscholds Extension Schume (AY: More than & houscholds
(13} : More than ¢ houscholds (1) : Luess than § houscholds
with exiting private l'aci.h'l_\'

(U} : Less than 5 houscholds

' i'.GIC.osl Eslinmte
The lo!a! project costs for the bamc plan for water resources devdopmenl are estimated as
su mmanced bclow :

_ 1_4__6':I\-1illi‘01i Nu

:231.2 Million Nu

44,1 Million Nu-

289.9 Miltion Nu

‘ lr'rig,siti()nf Watef Supply
- Urban Watér Supply S )'::lem :
Rural Water Suppl) S} stems :

10ta1 ‘

1.7 iCcouomic Ei’niuhii_on

Liconomic Internal Rate of Return(EIRRY is estimated to be 15.4 %.. is judecd that the
implememalion ol‘thc Basic Plan is economically sound.

2. URBA\I “’A l t R SUPPLY PL:\V I*OR \\’A\(-DUF PHOI)RA'\}G TOWN

2.1 mhl\ l'Lm :

{ l)(?onveyante Facilitics
“-Design discharge:
-Total distance:
--Diameter:
=Type of piping materials:

1,700 m*/day (20 Vsec)
Approximately §.4 km
8 inch

Ductile iron pipe
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(2) Water Treatment Facilities .
-Raw water receiving pit: S5 m L)Y x 1.5 m (W) x 1.5 m (1) of reinforced concrete
box
-Flocculator: 0.7m (W) x 10.0m (L) x 4 Nos. of concrete canal
-Aluminum dosing system: 1S m (W) x 15 m (L) x 1.2 m (D) reinforced conerete
solution tank

. -Sedimentation tanks: The emstmg3 tanks of which capacily is measured 10 be 950
[§‘ _ ' m” is utilized with some extent of reinforcentent _
-Rapid sand filter: Gravity type 1apid filter of 24 m® filier area with filtered
water transfer pumps of’ 1.2 m¥/min ‘
-Distribution reservoirs: The present capacity of 600 m’ is proposed to be increased
: with about 200 m’". -
-Chlorination: 08 m dia. x 1.0 m (D) of tank made of plastics with a
diaphram constant injection pump (1,400 c¢/min ).
-Operation house; - Wooden operation houses of 90 m’
--Approach road: - About 80 m of approach road from the national road.

(3) Distribution Netivorks and Relalmg Facilities .
-Replacenent of the existing HDPE pipes on the inain plpelmes \uth (ll pipes to reduce
water leakage and to avoid illegal connection. : '
~-Placing new plpclmes to mitigate unbalanced load " of dcmand by traversing Ionu main
pipelines, ctc. - : .
-Extending the existing networks to provide ualer o lhe extcnded semu, arcas m lhn
Bajo sub-area. . '
-Construction of house Conneclmg plpcs to each homehold \wth waler melcu

2 2 Pn o;cct Cost Fs!lmate

: S L Summary ofPro;ect Costs
'_1 he prq]ec! co_sls' for implementing. & - Lo (Uml Ne. F.H00.0i)

7 urban : water - supply schcmes ;are i Dgscnpuon P " Costs
‘ csl:mated as: shown in the table. “The' T Dlrect Costs L U SR A2
total - costs consmnng, of direct costs, ! Conveyance Pipeling o
engineering fees, administration fees, and 1.2 Treatocat and Water Distributid 95,4
1.3 Distribition Nelwotks dnd Hou: YN
physical contingency are estimated at - Engincering Service 13
- Nu, 2“ 200, 000 3. Administration Costs R 6.2
Subtotdl - TR
-i Pinsnml (‘onungcncx : O T kA

Total R NI

2.3 Project Evaluation

(DE conomlc Evaluation
[Zconomic Internal Rate of Return(: ]RR) 1s estimated to be 11, l% It is |uds_ed tha! the

implementation of this Plan is cconomically sound. The EIRR is a little larger than the

opportunity cost of capital of 10%. However, this Plan is considered profitable i case that
such intangible benefits as health conditions and living standards in the Wangduephodrang
town are taken into account,
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(2)Financial Evaluation - Water Charge Analysis -
If Wangduephodrang Dzongkhag would apply the same water tanlt system as Thimphu,
after the completion of the Plan Dzongkhag or City Corporation could charge Nu. 564
thousand which values approximately 21% of the whole operation and maintenance cost.

3. IRRIGATION IMPROVEMENT PLAN

_ The Stady oo Groundwsler Developmsnt in Wangaaphodrang Dubict of Bfuifan

" Oul of the schemes proposed in the lrrigation Water Resources Development Basic Plan, the

following 2 schemes are selected for the further implementation considering their urgency and

importance.

- Bajo canal project for low flat areas

- Phangyul canal project for high hilly areas

3.1 Irrigation Improvement Plan 3

{1 (?foppinf; Patterns and Water Requirement

of the: '\.-ulnerfahil_idty index. The
“new ‘ofllake  facilittes  are

The improved cropping pattern for
the command area of both canals
ar¢ . proposed - as shown in: the

! tablc".

In ‘the :Bajo sub-area, t'h'e‘-. @Iolllalc
~croppiing of 40.% is proposed to

be introduced, and in the Phangyul

sub-area, the crop diversification’

of 10 %’is proposed. The water:
requirement for five (5) year return’

‘period © is calculated and - the’
- maximum waler requirements “are
“also calculated as shown in the table.

2y - lfrigaﬁon Improvement Plan

The proteciion works in the

Proposed Cfoj)ping Pattern

Bajo canal are proposed lo be

improved taking into account

proposed to be constnicted to -
prove waler manageinent in
the Phangyul sub-area. The
design  conditions - for  such

(ha)
- Namg of Canal Bago Phangy ul
Canal Code cy . CHr .
“Paddy-Wheat - (CPIY 34 1
Paddy-Mustard {CPD) 15 i
Paddy-Paddy-Musta (CP1) 53 4]
Single Paddy - (CP4) k¥ } 46
Vegetable-Vegetable (CP3) 7 A3
. Toinl : 14 91
Maximum Water Requirement
R L : | glisccd
‘Name of Canal ¢ - |~ Bajo Phangy ul
Canal Code ™ CY NI
‘For 5 Year Return Period | 210 Nl
* frrigation Improvement Pian
“Name of Canal . Bajo Phangsul
_ . Canat Code’ 9 Clo
“Canal Length (ko) 15 10
= Command Area {ha) ‘ 143 vl
Numbér of Bencfited Household 52 12
Number of Offzke Facilitics 33 32
Mean Vulnerabitity Index 6.8 Ha:
Design Discliarge (1/s) 210 210

tprovemont are summarized in the table.



The Study on Groundwater Develcpment in Wanpduephod ang Distrcl of Biutan

3.2 Project Cost Estimate

The estimated project costs are summarized below.

Surnmary of Cost Estimation for Offtake Works of Phangyul Canal

Canal Code Nanie Cammand Arca (hay Cand! Length (ko | Design Diselarge (Vs
3 Clo l’haug}‘nl 94 L 2440
fg Deseription | onit: Quan!il,\_' Uml Price {Nuw) Amouitt {(Nuw) Renark.
Offiake Works | unit s 32 8,924 awssus) -

Summary of Cost Estimation for Bajo Canal Improvement

MName

Canal Code Command Arca (hay| Canal Leogth (kmy U);'—sign I)i::f-;EL'{i s)
9 Bajo Canal 13 R 0
Deseription Uit Quantily Unit Prive (Nu) Amoin ¢Nuw)
Canal Works
Masoury Cacal m 614.00 1.238.20 UEIRDLN
Earth Linirig Canal mo 11.386.00 091 3247y
Chute for Masonry Canat m (height) - 1800 23553 AL396
Chute for St Canal n (height) 16200 ! ._‘)35.3() I8
Oftizke Works it 35.00 9.810.71 DUR13.375
Sub Total ) ' N TTREE
7 Protection Works : : - : o __"
Protection Work Type PA. o 23500 760276 SRR ()
Profection Work Type I'l3 S 3590 IRV LAY LOEL33T
Protection Work Type I'C ‘m 3990 Ch3s06) 2 l") R
- Protection Work Type I'D i 176.70 A 32561 "ﬂ‘) 3T
© Steel Flume Agueduct tay 3624 T 0.FGE08 263,209
- Pipe Canal ‘m 8214 1GR3 :]_\3__1-1_‘
Sub Total ‘ 2RIAG
Total Construction Cost _:_§ UN (.\‘)

3.3 ?I%}j(‘(‘l Evah_mlion

OE Economm Evaluation

L Fcononuc Internal Rate of Retuin (LIRR) is esumamd lo be 1. 2% lt is iudﬂmi that thc
" implementation of‘th]s Plan is econonucallv sound The L!RR is a hittle iarue: than that of
" the whole irrigation water supply plan of 10.7 %.

{2) " Financial Evaluation - Farni Household’s Ecosomic Analysis

Aller the completion: of the Irrigation Jmprovement Plan which includes: the Bajo Canal
Project and the Phang,yul Canal I'roject, the e\pectcd annual agwullumal net returns are
increased by 1.29 and 1.26 times respectively in comparison of Without Project Case..

Increased values of agricultural net returns are calcu!ated to be Nu. 8,548 and Nu. 2,642,
which are equivalent to 6.11 and 1.89 man-month of the minimum wages (Nu’ I.400)_.
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EXECUTIVE SUMMARY
I. INTRODUCTION
Bhutan is a small country in the eastern Himalaya and its mountainous terrain covers

46,500 km’. About 90 % of the counlry's population of 600,000 depends on
agriculture whuh is largely subsistence in nature.

‘One of the major objectives of the 7th Five Year Development Plan (1992 = 1997) is

the development of rural area and the improvement of the fiving condition of rural
inhabitants by means of an effeclive use of natural and human resotirces.

- The country is 64% self suflictent in food and the target of the Royal Government is to

achieve 80-90% self’ sufficienicy by the end of Sth Five Year Development Plan, i.c.
year 2002. Therefore, food selfl sulliciency at the national and houschold levels has .
been the major objective during 7th Five Year Development Plan and it would
conlinue to be the ma_ior objecli\"e in Sth Five Year Development Plan.

\’anous constraints and problems ot insuflicient water supplms are tound in 1he prc-acnt
water use of irrigation and domestic water supplies. Tn order to realize the ideal social

~conditions to allow lllhabllaﬂlb to lead productive lives in a %ustamab}c manner, i is
: csscntlal to sohe the constramw and problems of insutlicient wa!cr supplies.

(‘onmdermn the prC\:cnt qaluallon that many inhabitants both in urban’ aml mral arcas

~are suflering from shortage of water and bacteriological infection, it is nucs:aw 10
: pmv:de the rcllab!c stable and ﬂafe W 3ter free ofany mL to mfcctmn

' The Wangduephodrang distucl is considéred as one ol"lhe niost potcnilal granaries in
the, country, and most of the farmers fives dcpend on the agricultufal production at
_present. In order to increase: the farmers mcome and to rise lhcar living levels, it is
: constdcred md:spensable to pmmote the mcrcaso of a_g,ncultural productmty

‘The Gludy was conductcd by the Study ']eam of thc Japan lnlemahonal ( onpc-:mmn
‘f;\lreucy (JICA} in cooperation with:the Ministry of Agnulhurc (MOA) and other:

related organizations from February 1994 to Noveinber 1995, The objective of the
Study is to conduct a study on water resources development plan with an emphasis on

- groundwater in Wangduephodrang District of Bhutan. The Study area covers an arca

of 65 km’ mcludm(r the \'\'angduephodrann towushlp Lobcysa Bajo, Phaiw\.ul and

- "Rabeysa Sub -areas.

2. I’RI:SER r CONDI FIONS Ol‘ T lllu S I UI)Y ;\RI?A

2.1 Socm-ccmlonnc Sitaation: o Number of Villages, Households and‘
: _ : Population of Study Sub-areas
Lo -Slud\ Sub-area Village Houschold | Population
»
(1) Houschold and Population T T 177 | o
- . ) Bajo ' -8 HS L O83
e nomber of Vvl_llagcs, p]mng‘_\m 18 : 156 1159
houschold etc. of cach sub-arca  Rubeyvsa 17 179 - ] hdse -
is shown in the table. Tota! | 6l 627 6.684

__The Study on Grosmde 3t or Development it Wangduer h»:« a1 Cudred of Boutan
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(2) Regional Economy

The main occupation in the Study area is farming and livestock husbandry. The

Punakha - Wangduephodrang valley is one of the largest contiguous paddy areas in

Bhutan, accounting for about 18 % of national rice production from about 12 % of the

paddy arca. Hence, rice production is the most important economic activity in the

Study area. Rice is the staple food and is considered as the most impottant crop in

tenms of area, production, employment, and as a cash and barter crop. From the

viewpoint of the national and regional economy, the Wangduephodrang town is the \%
commercial distribution point between 'lhlmphu and Wangduephodrang Dzangkhag i
and surrounding areas, acling as a economic service centre of the Study area

(3) Social Situation and Infrastructure

The Thimphu - Tashigang paved highway is crossing from west to cast through the
Wangduephodrang town in the Study area. In the greater part of the: Study area,
villages can only be reached by mule tracks and foot trails, as well as two suspension
bridges. Hence, it is a burden for horses and men to transport the fuggages and essential
items. ‘There are several bus services having daily or sometimes weekly services to
Thimphu, Punakha, Phuntsholing, Tashigang, Daga and other places.

2.2 Gcoiogy and Hydrogeology

(1 }:Physiography and Geology

“In companson to other parts of the lllmalayas Bhutan is characlenzed by lhc
- présence of flattands as peneplain relics at the top of mountain ridges, due to the.

© relative ECH”CIICRS of uplilt movenment.  These suppo:t a rich ccoswtem lhc
: gco!ogy oflhe rcgmn can be broqdiy c assmcd into: BRI :

- Qualemaly formatlon (rwer terraues mudﬂows) :
- Chekha series {\19507010 - pre- -Cambrian phylllte meta scdum.nts)

- Paro series (pre Cambrian ph)lhtc schist group), and S

- T hlmpu serics (pre-Cambrian gneiss group). : o

(?) Hy drogeology

“Hydrogealogical qtructurc 8 assumcd to consist oflwo layets, i.c. basemuu rocks
of low per meability under: Chekha- series. and porous Quaternary | lornmmn with
~good ])CIII]CR[)III[} Tn addition to n\er terracc;. and mudflow deposnls landshide
’depoms forming - qentlc stopes* at. various locations on “moumain  sides’ arc
. 51gmﬁcmn water bearmg, strata, '
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2.3 Meteorology and Hydrotogy

The climate of the Study area (altitude of 1,200 (o 2,800 m) shows both characteristics
of the temperate Himalayan and the semi-tropical monsoon. The mean monthly rainfall
is higher from April to September than that from October to March, and these two (2)
periods are generally referred to as the rainy and the dry seasons, respectively.

The Upper Chang Chhu basin whose catchment area is measured 1o be 5,640 ki’

_f%f; consists of the Mo Chhu, the Pho Chhu, the Tabe Rongchhu, the Limti Chhu and
' the Dang Chihu as shown below. -
E B W Chow ' oo O
- \\'E. -
‘3
L .
. Lo Tabe Kan yehibe gé Lizchhu' g
- e o 2
e ' [__wah.e En:!___]' Wangdoepts 'i'ﬂ
; _ [ Tsni ] ovsee
METEOROLOGICAL CONDITIONS GHANG CHHU DRAINAGE SYSTEM
: 2.4 :\gricullurc
(l) L. and Use in the Sludy Area
‘The Iand use in lhe Sludy area is measmed as shown below
Land Use in the Study Area _
- : tUpit b
Categery ‘ Hlud\ :\n..z : i . Sub- An.a . :
. S . Iobovsa o Baje l’l)anl_u\i |0 Rubewsa
i) FE}I’L‘SI ) : 166 '(6;6"4) : |(|. .ll-ﬂb] . 12, (6534} ) fg\\ pee| - 11 (Rasea
L2 Agicultire P : o : Coid ' L o
7\\'cllmd(\mi\'_:z!cﬂ e (g Cone (s2emy 158 @E2a 181 e R E S R
TIayland Coltivated © ] 4 @ 6 s o (b S IR % T Eue
Ofher Agrieulture 0 | wm gzl o @rss] o s et s el 3 dee
o7 Sub-Total DAT Ry oME o @R 166 (N7 8% moe] o w3 ey
1 Orvhard & tertivulture T om0 (nhte SRR (113} A I (T T
i 4 Padture . CEE . (30 I8 (R6w o gl R TP T Bt
© 5 Settlement NI N L R . - o : . - ‘
6 4 Rhers SRRy I L L 10 R L £ 550 - R i
Total Arca . ] 6500 poowee]. ¥9  acira 159 aotgse] 1130 witpdra] KT e

Note ! Area was cstimated based on the data base of the Land Use Planning P'réject
(2) Present Agriéultural f\C(i\"lt):’

Crop season in' the Sludy area is bloadly dwlded mlo wo (2) seasons monsoon

© (rainy)-and winler {dry) seasons. The main crop grown in the MONSOONY qeason is
paddy, foltowed by winter crop (mainly wheat and mustard). In the upland area
which is under rainfed condition; the main crop in the monsoon season is

- vegetables, but only a few area exists. Recently, some irrigation canals have been
improved under the Punakha - Wangdue Valley Development Project financed by
IFAD, and in some areas irrigation becomes possible throughout the year. In these
areas, il is possible 1o start land preparation for paddy even in February during the
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winter season, and double cropping of paddy is carried out even though such areas
are small. Paddy occupies about 95 % of irrigated area during the monsoon season.
The production of cach sub-area is as follows:

Crop Yield and Production in Each Sub-area

Paddy Whest ) b Nustand o )
SulsArea “aveaa) | Yikdabay | Trabek | vcathe T ietieho) T ivodsaiy | Avathe)  Viddd bar Dol
Faabwysa S 26T 178 FIE 131 152 kY ren EX)
Hajo 1z 216 354 52, 147, b SR T 0.8 3!
FPhangyut 64 7 203 i, 17 42 H] 0 K3 7
Kubara Y 216] 4t 3 150 87 1] 0.86 i
Toat | 9z . 1 I W . 368]” 7 S 65

2.5 Water Supply
2.5.1  Urban Water Supply for Wangduephadrang Town Area
(1) Present Population Served and Service Area

" The present  water - Sllppl)’ Summary oISurveyed Poputation in Wangduephodrang

. Town Area
“system covers the whole town - T Wopaiationm (695
“area of about 110 ha; and the ____ Category T R T By Vit
. im\mhlp Area i 1.¥20 a . .
a“ arcas arc SCI'\Cd b)’ W with an " Commercial and Shyy ppmz \rea : R I
‘mtermlllenl operalmn three (3) Aok Hody : CER y
. O Admimdralive Organization ] ‘ H 150
br in the morning; 2. S in the T RiA Conple and Outer Quarers [ 3,040 1 3%
: ) - RBA Beepital . 173 R
aner!}oe_n' ﬁl](.j. l,“'o (?) hl‘ 1h lhc C Piimary and W n:orl[zbh Sohood ) S L
'evenmgi totaling 7.5 bra (iay.; RNRKC Oftice : 228 P
! Tolal 6038 L322l

(2) F\lslmg, Water Supplw,r Syslem

The plescnl \\alcr supp!) syslem dwerls its raw water from the Pc C hhu and no
other watér resource is utitized. ‘The productivity of the -existing waler \uppiv
systent is limited 1o 780 ny lda) only because of the limited ¢onveyance capacity of .
the cmlmg conveyance pipeline from the Pe Chhu. The system was construcied in
1969 diverting the river water from the Pe Chhu. The intake is situated at right bank
of the Pe Chhu, 1.6 kni upsticam {from the Chhuzonsa. The river water flows into the
open canal directly by gravity. The Bajo irngation canal was used for conveving the
domestic water also, when the supply system was constructed in 1969. Due to water
- quality cormpuon the pipeline of about nine (9) kmy was constructed along the
national road in 1991 and the raw water is conveyed mainly with the p]pz,!me:. The
water distribution’ station for the Wangduephodrang town area consists mainly of .
. phain sednnenlatlon tanks and water distribution tanks. the pipeline networks are
 also installed in 1969 for dlstnbmmg the treated water to the service area. The '
x operalmn and maintenance of the supply systein is managed by the PW D section of
. the Wangduephodrang Dzongkhag.

2.5.2 " Rural Water Supply

A total of 64 villages/communities were identifted in the whole Study area as shown in
the table. There are many villages which have the water supply systems constructed
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with the Surmmary of Identiflied Vi!lageleommunities
, . :
UNICEF’s ’ Prosont Population . Lresent Pepalation
assisfance. In Viltages and Thouse-- i Popula- Villages and Hosse- | Fopuhi
: Conumunities held i 1101 Conenunitics hald ey
the Sllld}' arcd, "oy Subarea 177 3086 Phamnu] Sub-area 136 iL13Y
31 UNICEF's fabesa Geweg 134 2604 Fhangyul Gowog 156 Po1asy
o dhstoboweg N A3 82
schemes . are “fiosibae | il 983 TP N R R
found, and Thetwo Gewog 58 426 " Rubeysa Genog % P
Linglulha Geweg Bl 250 Jena Geweg 63 : 616
most of them Tabisa Gewop - 26 237 __Thetsa Geveg 13 Ko
are  generally : - - Total 617 T Thesa

operated well 1h0u5lrsomc standpipes are found ta be out of order. The system
“consists of stream of sprmg intake, transmission pipeline with valves, break pressure
~tank, clear water reservoir, distribution systein, tapstands, and sedimentation tanks.

3. WATER RESOURCES POTENTIAL AND EVALUATION
3.1 Outline of Present Water Use
(1} Lobeysa Sub- -area .

The irrigation water is supphcd by the river water of. lhc Tabc Rongehhu through
the existing Upper and Lower Lobeysa Canals. The rural water supply by schemes
constructed by the Dzongkhag under th=e UNICEI’s assistance contribute the
supply of safe water in this sub-arca. The UNICEF’s schemes take the water from
-+ the spring near the villages, and the other systems ofthc government also takc their
-] water from the springs.

(2) Bajo Sub- area

The 1rngat:0n waler i taken trom the Pe Chhu lhroug,h the eusung) Ba;o canal
: " The surface water of the Pe Chhit is:used for the urban water: supply for the
; Wan‘g,duephodmn0 (own area s well. The water sugply in this sub-arca depcnds _
- - mainly on the spring source in the hilly arca. Viliagers who do not have any
v adcquale supply sysiem have to take the water froni the Chang Chhu or ung,ahon
~ + canals for their domestic and dnnkmg purposes at prcsent

(3) Pha:igyul Sub-area |

There are some irrigation canals to Qupply ire igation water in the Phangyul Sub-
‘area, and these canals ongmate from the perennial streams in higher hilly areas. The
‘niral water supply. schemes are also identificd as’ UNICEF’s schemes mkmt- the -
water from nearby spnng,s The villagers havmg no scheme lakc the water {rom the
“sinall seasonal slrcams or the pools lormed besrde small spnng,s - -

(4) Rubeysa Sub—are.a

There area some UNICEF schémes in this sub-area, ulilizing spring water. The
irrigation water is supplied through some irrigation canals in the area taking the
water from some¢ perennial streams flowing along the steep valleys in the hilly
areas.

’
L
’
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3.2 Water Resources Potential
3.2.1 Sub-surface Water and Groundwater Resources
Within the Study area, significant volume of exploitable water resources comprising of

sub-surface water and groundwater is explored. On the basis of mede of occurrence,
groundwater is classitied inio 1) river terrace related groundwater, ii) landslide related

groundwater, and _ _ §
Iil} mud-flow  re- Potential of Avaitable Water Resources in the Study Area
!f:ued gf()llﬂ(l-“"a‘cr. Sub-surfrce Watker o Cirowndwater (Erain) Totd
I'he ‘calcutated Sub-area " (1'min) River Jamace | Landdide Mad-glon (tmip)
water potential for rohgw Nt NA 150 1550 2000
“each sub-arca is' D 1,000 o wa|  Na - 2200 -
. - Fhanav NA Nid 1000 430 b.450
-suvwnarized in the Rubevsa N Ned 150 o A

able totaling 7,900
“Vmin.

322 Swrface Water Resources

‘Considering the environmental effects, the river discharge of at least 20% should flow
down as maintenance flow. Consequently, up to 80% of the river discharge is
avat!able The potential of surface water resources is estimated as shown below:,

Avaxlable Rlver Dlscharge at !n!ake Site

L . B (Ihit-m* s
River Jm Vb Nar i Ajjr P‘X’Ll Jup Ll Aug | oSep o Ot Nov Tk

labe Rongehhu | 2081 2.000”"1"3'62- 2385] 3 227(:‘6.4'23{ 9963 12404] 10862 LRI 34207 2%
PeChha . | 2510 24000 22720 3151 3938 .T837) 12.157] 163570 13254 3022 41815 2957
Lachtu | 0039 0037 0.035) 0.048] 10060 '0.120) ©.186, 0.250, 0.202° 0.0, et 0,005
Wkhipt - 0.015 d0i4] 00n| 0018 _'0.023% Oi}hi 0070; 0094 0.076 ('mué' 002470017

Mochwia © {0153 047 01371 0190] 0237, ‘0472 0.732) D98S| 0.798 0357 0252 0.478

iggamg;-mm 0119, 0111 ume:‘ofm ‘0.‘134‘, ‘o.moi o,s'm n763 0619 0.276¢ 0.19511 0138

As [‘or thc fiver water of ihe Lhanb thu in lhc Bajo sub arca, !hc iotal amount ior 1
exploitable water is determined in accorddnu with appmpriale mlalu, s!mcluu and thb
purpose of unluanon

3.3 Water Resourees Evaluation

3.3 Water Balance

T Sub-siul‘aée'and:Groundwéler i

) Sub-‘surféce \\"al'cr

The sub- su:lacc water TeSOUrcees is abundanl in the Bajo sub-area, bul it is not
recommended to exploit it for ircigation, because of its small potential
comparing with the irrigation requirement.
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2) Groundwater
a)  Groundwater in River Terrace

In the Bajo sub-area, about 800 Vinin of the groundwater is considered

available in the river terrace along the Chang Chhu. This potential capacity is -

equivalent to 1,152 m'/day, and is judged to be quite large comparing with the
preseat and the fiture water demands of the Bajo sub-area which are estimated
‘to be 4+ nv/day and 66 m'/sec, respectively. The groundwaler in the terrace
‘area is, therefore, considered to be one of the potential water resources tor thc :
~ rural water supply, but not for the irrigation water supply.

b} Groundwater in Landslide Areas

The available water is Jarger than the future demand of rural water supply in all
sub-areas. In the Bajo sub-area, sincé the arca where the groundwater is
available is scattered only in the hilly arcas, it is recommended to utilize the
other type of water resources also for the low flat areas in order to economize
the water supply scheme as well as to save and protect such Jimited

' goundwater resources. e

<) Gr‘mind\_valcr in‘ Mud-low Arsea

" The groundwater in the mud-flow area is not found in the Bajo sub-area
© according to-the results of hydrogeo!omcal analyseq ‘The available water is.
considered to be quite abundant comparing with the future demands tor tural
water supply in all sub-areas except for the Bajo sub-arca. However, since in
" the hilly areas 'such as the Phangyul and the Rubeysa sub-areas, it is’ nm)o'::.lbld
1o cany out drifting works :the utitization of g g,roundwatcu in mud ﬂo\\ arca s’
‘ not rccomnmnded though the ava:!able W. atcr isabundant.

'5 (2) Surfacc Walcr ;

AL prescn! Rurfacc water is used mamly for lhe wng,allon pmpme and Wauudue
town water supply The surface water in low flat arcas such as the Lobéysa and the
Bajo sub-areas is considered to be suflicient, while that in hilly areas such as the
Phangyw!l and the Rubeysa sub-arcas is insuflicient - even in the present water
balance cons:denm, the minimum rcqmred dlSChaFE)t. oi maintenance flow.

‘3.3.2 Watcr Ql'm!il'y ;
The water quahly ol g,roundwalcr is judg,cd to bc safc wnlhout any :ntutlon aml

contamination, while the surface water requires sonie ‘treatment of dnsmluuon 'md
filtering. However, it is applicable for the irrigation purpose, ‘ :
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3.3.3  Environmental Impacts
No adverse eflects are predicted unless any excessive exploitation is made for the
groundwater resources, but for the surface water some consideration may be necessary
for reducing the high turbidity which may be caused by the construction of river
structares.
§. BASIC WATER RESOURCES DEVELOPMENT PLAN
4.1 Basic Concept and Planaing Criteria

~4.LT Concepls of Basic Water Resources Developmeat Plan

{1) Components of Basic Plan

The major components of the Basic Plan are considered to be the water 1esources
development plan for: '

- the irrigation water supply plan, and

- the domestic water supply plan for rural and urban areas.
'(2) Basic Concepts -
The followhig items are considered (o be the basic concepts of the Basic Plan.

Trrigation Water Supply

- Achicvement of the effective irrigation water use .
- © Achievement of the effective land use -

Urban and Rural Water Supply .
- Dccfeeﬁsc. of the risl{s {0 various infecticus diseases
- Facilitation of the rural and utban development =
‘. Provision of the basic human needs in rural and urban areas
4.1.2  Planning Critevia
(1) Objectives of Water Resources Development,
1) lrrigation Water Supply
- Sustainable devclopment of arable production to enable sell’ sulliciency n
- food production, :
- Improvenents in the incomes, living and nultrition standards of” the rural

population, and
. Sustainable utitization of natural resources.

-8 -

&5
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2) Urban and Rural Water “Iuppl\;
- Provision of the safe domestic water free from any risk to infection
- Realization of the reliable and stable water supply throughout a day as well
as a year
(2) Target Years
The target year has to be set taking into account of the following items:

- - getting understandings of the beneficiarics,

- coordination among the related g 50\’8!‘11“181][ agencies and concemcd
organizations and people, :

- unexpected accidents, and
- .delay in f'ma_ncial arrangement.

“Asa results of dsqcuss:on with lhe govemmenl oﬂwials couccrncd thc targel ycar>
-are set as follows:

- 2002 for short termplan -

- 2007 for tong term pléin

4.2 Walen Rcsmnccs Devc[opmenl Plan for lmgallon Wnlcn Supph

Based on 1hc rcsulls of tlle case sludy on |Iu, various posmblc LOUI][CI measuus, the
to]lowmg strategies are proposed for establishing the Walel Rcsourwa [)m c!opmcm

PFan for [mgauon Water Suppl)

Basuc Slrategy for |rr|gat|0n Water Supply

Arcas | arg,cl : Slra:cg_v
Loa Flat Arcas Short Term | - Supplying the suflicient irrigation water
= Applying the double paddy cmppmg for 4“% of pru:g ny paddy
. Aicld
Long Termi | - Supplviing the su(ﬁcmﬂ |rr1g,mon waler
b - Applying the double . p'tdd\ croppmg for IHH% o!’ pn.ﬂunl
: : - paddy ficld
“High Hilly Aréas | Short Terin | - Establishiment of siew \\.ucr nen; ig,umnl svstom

b © | - Applving the diversification for 10% nl‘pnsuu paaddy ﬁdcl

Loang Termi-{ = Improvement of the wiler nianagement sy stem
L | - Regearch on sm!ablccrops for dmmﬁcahou ‘
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The necessary structurcs are preliminarily designed based on the above straleycc anl
the irrigation water resources development schemes are proposed as summarized

below.

{fobeyst and Ihajo ssb-areas)

Summary of Proposed Schemes

Category of lind Favis Flat Aren
- Sub-Area Tlabeya Hajo
i \ l rp..r i,ohn\.t [.mh.r lp.-hnn . 7Hr‘ujo o Eutad
o ' i 2 TR §
"'c-;.ﬂ(l};;gmr\}n} kAl =1 i 150 a2
T Conumied Afea (hay © (-l B ) . ‘Hh) 7”73 S
\;:Eaﬂi&-iiiimnhdllouu!mld» ) ll'? T ]21 T 52 2
 Number of Ofiake Faatiies |7 32 . 52 33 19
!‘n\po:;d (_‘1\|mh.r \!; ASLITes 7 Rr-%;qt';;l?.[‘n;unrr\!' leneg ;[rn.r'|1‘,m.|l [y ivh En.l" ;n'c.'n-w.nl n-l‘-l‘lv;-:.\:l;nﬁ -\.\:nr!\.\'” .
Extabhstanent of Nete Water Management System
Appiving Deuble Faddy Croppang {4075 for shont ferm, 1% tr borg termy)
fotal Construction Coat (1000Nw) - | 1182 ' o1 | soie PRULY
" Required O M Cost (1000Nu. year) 23 32 LI NI
T Estimated Net B C Ratio R i 180 -
© (Fhangyal and Rubeyxa Sub-areas) : .
. Catepony of Laind © High Iy Area :
Sub-Area Tangsul Rubcysa N
Name of Canal Phangyul : (umkhs otk
e Qoo E s L.
) O Canal lcm_ih(!xm) . w0 : LAl I _
Command Area (ha) L SO LI : A '
L Nolof enefited Tlauscholds 2 n ) 7 : e %
\umhd of ()ﬂiakc |} m.llmc-. a : E 12 20 . 2% i?
T 3‘1 o;m\«.d.t Ull!‘t‘\“f “u\‘-l‘ln ‘\.v_\\._l [ hu»'\ on c‘l Uﬂ' ke Fat mu v
E.sl lMlﬁhﬂ went ol \cn. Wirer AMan. L._.nn« nr.S\-slcm
Apph g Diversficati: .
e A4 e : 7
B I T A 15 : £
Eurinated Net 3 € Katio s b am 157 RES
i Sub-Area Rubeysa Lo S
Name of(_ anal ‘ \! !ph\.UH ~ u&nnma s ' Runmn i -;lg1l
Ceede’ e e ez '
) ' ] LN 2 A ¥ C 306
o _ 2 | 28 251
No.of lenctited Houscholds - 1 Rt RS LU 16
_ Numher of OMabe Fadilitics - 25 T T 6 153
I npuﬂ‘d Covnter Measures | New Corstrudesn of O ..k: Foolities E -
- JEstablishiner of New Water Manigemant Svstern . |
) : I Arphang Daenitication for 107% of Paddy Field B
; Iolaltommamn (m(mm\‘u) 148 BT 98 1.021
l\ulmrui \l[ox!(l()()ﬂ\n-\_‘_ ) T 7 R 5 115
Esfimated Nat [EC Ratio : 1.9 i 1.74 | 1.%4 - . g
‘ Rusearch Project for the Diversitidation L o %%
Keyguired Froject Cost (1000810 52ar) | 457

<10 -
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4.3 Water Resources Development Plan for Urban and Rural Water Supply
4.3.1  Present and Future Water Demand

(1) Wangduephodrang Town Area
Projected Population in Wangduephodrang
The future population increase _ Town
projected for the target year of Categorics _ 1995 2002 2007

2007 at 7 s & : .. L Present Service Area : : )
2002 and 2007 is set as ‘shown Residenl| 6033 | 6932 | 7.631

in_lhc table. The consumptive Growth Rate {9%) R (200 | (2.00)
demand per capita is increased Day Visitors (38%) 229, 2634 | 2908
~from. present 75 Yday to 125 T Subddotal ] g3 U 9567 | iosa2

Vday in 2097. The total demand 2. Extended Senvice Arca .

per - capita will be once Resident 0 47 202

decreased from  present 125 ...DayVisitors| 0 | 233 ] I8
" Sub-total ] 280 G

l/day to 120 Vday in 2002 and

1. Total Population

will be increased to 145 Vday in Resident] 6035 | 6979 | 7836
2007 - L . Day Visitors] 2293 | 2867 | 3336
- Total 8328 | o847 | nan

The average daily demand and the maximum daily demand (25 % increased value
"Ot the average) are caleulated as: shown in the (able. l‘hé"requin.d' additional
- capacitics are calculated deducting the present capacity of 780 mr !dav from the -

calculated daily maximum demand as shown in the table.

Present and Future Water Consumphon o  Estimated Water Demiand and

perCaplla o : ' ReqmredAddltmnal Capacity for Area
, { Vdav/capitg) . : Coolm /dn }
: Pretent Yuwre - jz_\umgu i Max. | -Required
Description” 1993 2{)02 Y07 C Daite i Dailv U Addi-
Cloth Washing. -~ "' 30 35 i 10 © i Demand i Demand o tional
C(Lawndyy, 0 ] b Year: || {in'fdayy | (midav ©Capacily
© Latrine ' .5 10 .20 S R S (m/dn)'
. Bathing. 0 ) 30 3000 400 9s | B2 P LE .
Cooking__ - ol w s oas 0 a0 | w6 13336
- Consuiptive Demand A 125 2007 1236 & " L6 776
Physicol Loss ' 50 30 1
(% 10 Total Dentand) (40%) . {(25%) ° i(14%%)

Total Water Deinand Ny P20 ¢ 45

(2) Rural Arcas , . _ . -
, o ~* Present and Future Water Demand
" The future waler demand i each sub-area’ for Rural Areas

is calculated as shown' in lab!c A total i . ~un'iday)
demand of 449 !day is' necessary in “'“CfDC*""'d
2007, -Sub-arcas 1994 i 212 ! 207
' Lobeysa - 13 -8 176 12007
Bajo TV I O I 1
Phangyu! 32 1 66 P78
Rubeysa 66 i 8y i 9§
Total R I R )

-
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4.3.2  Urban Waler Supply Systein inn Wangduephodrang Town Area
(N Service Area and Productivity of Water Suppiy System

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

- of the Dzongkhag and administrative areas, the commercial and shopping areas,
ete. An area of about 23 ha located between the present DSC/AMC yards and the
construction sites of the junior high school are additionally included. "Hlen the
tofal service area of the water supply system will be 133 ha.

The maxlmum daily demand in 2007 is calculated to be 1,546 m'/day; and then the

capacity of the distribution facilities is set at 1,600 nv ‘/day. The capacities of the
conveyance pipeline and the distribution station are set at 1,700 my’ */day considering
“the five (5) % of the operation and maintenance requirement such as washing water
of the tanks, etc.
(2) Proposed Urban Water Supply System

1) Intake and Conveyance Facilities

.. - The existing intake facilities consisting ofa sedimentation tank and -a canal

are utilized as they are, because their capacity is measured as more than 0.4
m'/sec (34.000 v *lday), sufficient enough to flow the design discharge of

pipeline. :
- ‘The new conveyance plpclme is consmlcle{i mereasing lhc capacity from
' the prcsem 8 l/secto the future 20 I/sec

2) "l leatmcnt ]*auhty

S : -
- ll is recommcndcd to apply some water trealmcm for i nnprome «uuh hlg,h
lnrlmhly and reducing bml color contcm

3) Distribution Networks and Hause Connection

the prtseni distribution networks cover most of the wholc service areas in thc

" towa, and house connecllons are made pam) to the govcmment oftices and the

 offices  and quallen in the RBA coniplex without any metered system.
- Therefore, it is necessary to provide such imprrovenent as provision of house
’ wnnecltons, replaLement of main plpclmes, ele.

[hc dml) producuwlv is mcreased from 780 m’ fﬂCC to I?OO m /qgc?
: mcreasmg, the capamt} of the exlslmg distribution tan!\s f'orm 600 m “to S'SO~
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4.3.3  Ruval Water Supply Systems

(\'Jllwu and Conumunities tdennific )

(1) Planning Methodology ( ¥ j

Type of Present Water Supply Schemes
. ) e (Private, UNICLEEF. Governipent {3 )
It is found that such villages have difterent T
conditions meing village b}' \fillage, and i Categorization of Schemes tor Finding ool
is dilTicult to prepare such plans that are

Necessary Conntermeasunes

required for each village one by one w the +
Study. The Study fow presented in the [ Sclection t;l'/\_m‘rﬂmila!c ?\:c-muv%‘ tor Water
- . . ‘ ~ . - : ResonToes DDovelopmoeat
figure is, therefore, applied to find out the e +‘“ e -
1eCessary Counteénneasures. S :
Pricritizaticn. Implementiation
Schedule. Cost Hatimales

FLOW CHART FOR SELECTING METHODS
OF WATER RESOURCES DEVELOPMENT

{2) Necessary Countermeaswes

The nécessary countermeasurcs are pu,suued in the lable for each calegon?cd.
valIagesf’comnummes : :

Population and Number @f Villagés to be Served by New and Extension Schemes

E o : :.\'cw _I\'Q\: s }Zl:\;\ . .\ddilion;;! I{_\lcuxioln Intension | Watie
Sub-areas, _ltqn S Schime | Schome | Scheme. | Seheine Sf:h_um;; Scheme dreataent
LBV () «y : [ I 133} Subeme
Tobevsa No.of Villages | ¥ S0 L2 (5 il b | o
o, Lwerage Papulation 250 e|. f19 G I8 i
Bajo ~ . [No.of Villages & 3 T ] ) ]
© o |Aserag Pepulation 12 Cul o ter] o L s [ i 0
Fhangyul - 3 .‘{o.ol".’iﬂnqu L ] H il -2 5 '50 R A
L _|wserage Population L] R -] RS t] N URE SR ] PR 1 P o b
Rabeysa s Ne.of Villages - : ? [ R R 0 . 1 ? 1
S avedage Population o e3] ¢ o) 11 R S 1] B T41 D L
Wholé JEetal N of Village BEREEET] EEREREEEY T B B Coi R
Aréa 0 \mm l'opu'mon ' ami o oo s s ‘oel: e 123
Nole ; \u\ Scheme (\) More lhan ] houtcholdx Fxtension Scheme (A Mare than 6 liogschelds
3) - More thaa 6 households (B :f.ossthan 8 houscholds

with vxitiing private facilily

()1 Léss than 5 houscholds

‘4.4'Ililplmienlati{]n Schedule and Cost Estimate
ﬁ{l) lmp!ememahon Schedulc

‘The implementation of the Water Resotirces l)c‘. clopmcm Babu, Plan 1§ pmposcd
as shown below.
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Catcgony | Sub-drca | Name of Canol - Code | Priveity o ) Year
“ofLand [ Vot o] v xeool som] ] ! v sl 2w xes
Lony Fat Lobeysa ™ [Upper I.fi\c}sa (8] @ ! 1 g ' :
Aren Lowerboboysa (2 <@ '[ i .
Rajo \ajo o 0] i i
1Egh by |Fhanaaul [Fhongynl Cto ® i
At [ oo s | @ ' B
i‘{uE)sa Natakha 18 ® 1
Rutchha [ ity |
Mophdbha O &
_\'n).ko‘m\\a (451 @ | !
Ruminy 22 ] L
[Resesich the Optimem e erifiention Crop . :

IMPLEMENTATION SCHEDULE FORIRRIGATION WATER SUPPLY PLAN

Year
Work ftems 1T T Im% | 19 o | o) Loy [ oo L 2 b ains g g
Diclarled Design and Adiministrative Aargensents | i ; ;
Copveyune Pipelira i m l P -
Water [reatment and Pistnbution Stgion l i wxal . : .
Jhi\lnl‘uhon\: wworks and Hotse hetets - - : ) : [ o s |

IMPLEMENTATION SHCEDULE OF URBAN WATER SUPPLY SYSTEM

Yooy

Sub arca Schewme o] 1957 1 1998 9 1 W00 | 01 2002 [ 2001 3 2001 HipS 1 oa D oo}
LobsysaSubarea - ~B O] ' . S S i 3
New Scheme {(A) ; (< 8 : ' B . m‘, e
New Scheme (C) S -2 . L ot m
Extension Scheme (13) Y N : ) o I m ‘
lajo Subarca TP @l : . : : L :
New Scheme (A) : et b ﬁm i ) : 5 .
};c\\ Sx'.l{cﬂlé () ) : 0-3 s w N R i X :
;‘\l(k!i.ti-)n:;! Schome [ I 2 % . : S D m : i S ‘L Do !
* |ehangul sub-ares ‘ F N I R ‘ S b
New Schemé {8y 0.} | R D :
New Schemetyy © 02 L [ = : ' k ‘}
New Sthem () P ) 0.} 7 C 5
. Fuenston Schamz (A) - Q.3 t_ ;
Rubxysa Subaica =7 > 6 ] i :
New Schime (A .1 ) i i
New Schome () ' 0.1 . l i :
Eatensaen Siherme {A) | ©e-2 :
Exnsion Schomwe () . {1 ) i v
Water Freatwdeat Scheme 0-.5 1 !

: I'MPLEMI.EN.TATION' SHCEDULE OF RURAL WATER SUPPLY SYSTEM
(2)(051 E stlmale

lhe total project costs for lhe basic plan for water Fesources dcvelopmem are
esnmatcd as summan/ed below.

-14-
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‘Summary of Project Costs for Basic Ptan

(Bt Moy Bramga ek,

\ <
|

Drescrigion l Costlx Deeriptiong et
I Uian Water Sigdy Syvten for Wang dwpdunhang Town Area Ti} Trigation Water Sigjly
1 Dueat Uasts 17246 1 LobewsaSubewea 12
LY Conveyance Pipelne Gl 2 HyoSd-aica u
1 2 Treatmz it asd Water Pistnbenon SLdion 34| 3 Hugyud Srbraea a3
1 3 Dsinb tion Neiw orks and House Metens 173 1 Rehoyra Subeea Lot
T Engireesing Soa dce 35 5 Reseaah Actiy dies L b
3 Adrimstiation Vosts - T2 Toaahsdr . } _ 140
) Sk total NEE:
4 Tlysicaf Contingarmy ] T
Total 1y 32
T Reoal Water Sogply Systems
1. Lobwysa Sub-mca Az
2 RgjoSalearea 131
3} Flargsud Salrreia Ry
4 Fulwyva Sub-wga G B .
Total 2 4Ll Girand {odal Ixan

The operation and maintenance costs are also estimated as summarized below.

Operatlon and Maintenance Costs for Imgatlon Water Supply

T (unil: ll’(‘ll\u]

“Category | Sub-Area Nnmc of Canal | Code : : Yoot . .

" of Land . o o eor] veat il el oot} feee| mwal s wesTomiel el
TowHat  fLobeyss  [Uppor Lebeysa 1 T N
PArea o howaLobas lo2 N N I R

T Baje Bojo - o3 R I | IR S SR # w
High Mty {Fhangyed [thangyul <10 . . Degh s <\' s LE TR LS
Area B S (w Pl e S N D
Rubepsa  [Nalakha . - |c18 : : sl s s
' Hutekha N (@) N w o] AR W
Maphetha | |C20 : B T IR B PR
\'il\‘ko\,u\\z Slean ’ : ?t' i T: 7! -3 70 7
Rumina ' t 22 . I i - \_ I 5 'H o \
,\muanom . L i T T S PR R

Openation and Mamlenance Costs for Domeshc Water Supply

- Water Suppl)'l‘lan I9‘)? %8 19‘99 b 2000 | 2i)OI,- 2002 2003 | 2004 | 2005 . 2006 . 2007

}t

Uit NULE, oon; :

Utban Water Supply |~ 8261 5261 526! 526| 2.220] 2312 2312] 2312i 23120 2628 2667

Rural Water Supply |~ 2821 " 335] - 406] 4311 S83) 38l 730 7570 712 191 815
Tolal | 808 861 532]  958] 2%02] 30i6] 3,052; 30707 IORH[ 34250 3482

Thé above estimates are made based on thc pnccs in July 1995, with the exchange
rates of“"»() 85 \'u IUQS and IOD )enIU% cL : '

4.5 Pr 0_](‘(‘[ lwaluat:on

451 E (‘OIIOIIII{‘ Evatuation
EIRR is 15.4 % and at discount rate of 10%, ENPV is Nu, 127 nulhon at price for JuI)
1995, and E.B/C is 1.53 at the same discount rate. Project evaluation has proven that
EIRR exceeds the opportunity cost of capital 10 %, ENPV is posnwe and E.B/C

exceeds 1. it is judged that the implementation of the Basic Plan is economically
sound.
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4,52  Financial Evaluation
(1) Farm Houschold’s Economic Analysis

After the completion of the Basic Plan, expected annual agricultural net returns are
increased in the range between 1.16 and 1.33 times (aveiage is 1.28 times) i

“comparison of Without Project. Increased value of agricuitural net returns are in -

the range between Nu. 804 and Nu 8,548 (average is Nu. 3,270) which result in to
be equivalent to 0.57 to '6.11 man- month of the minimum wages {(Nu. 1,400). In
the Bajo sub-arca the effect of the Basic Plan is largest.

'(2) Water Charge Analysis

To make the water supply plan successful, at least the operation and maintenance
costs should be paid Tor by the beneficiarics. However, a decp-rooted conviction

" remained in the minds of the people that water would be provided free of charge by:

the Government, espccna!ly in the rural areas.

1) Water Supply Plén for Rura} Areas

- The parltcrpallon of mhabltanl would be very impor tant for thc developmcm of
a water supply plan. The PWD and Dzongkhag are that through participation.

. “of the inhabitant, the Water Supply System would be self-supporting,

2) Water Supp!\,’r Plan fo'r Wangduephodrang Toivn

Rcwntly ‘the Urban Water and Sewerage PrOJcct in lh1mphu is pucu,ccdnw by the |
lhamphu City (,orporahon This project proudes new tanil rales for water supply
which are risen aller 20 m” per month. According to this i new rates, a hotischold of ‘:

-~ five persons using a norma! amount of water, will have to pay approximately Nu.

- 25.0 a month, If \’\’mgducphodrang, 050115“135, would appiy the same iater

! tarifY system, after the completion of the Ilan l)zongkhag, or Cily (orporallon ;

* could charge Nu. 564 thousand which values approximately 21 % of the whole
- operation and maintenance cost.

4,5.3  Socio-Economic Evaluation

The: Basic' Plan is éxpetied (o bring about’ vatious  direct, tangible beaefit and
secondary or indirect, intangible benefits as stated below. L

-~ Contribution {o the National Developinent Plan
- -~ Stable Supply of Food
- Improvement of Living Standard
© - Water Quantily and Quality lmprovement
- Vitalises Local Commercial Activities
- Improvement of Public Health Environment
- Decrease of Local Women’s Work

- 16 -




4.6 Organization

The following organization is proposed to be applied for implementing the Basic Plan.

I Misisaey of l Irecugbhg ] Pragied Frsocting-

Aprhulore
P PRACY R ONHCE
[‘\::ul_.”:, PUsnbeptodwe Pintde, Pacdlo)
£ brigation
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Reéeed | et fe e b
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1o Pintei )
-iuig..u‘--n | plovatet Wagn ot i ER N b and Filliy Sovd g
Soten I Faalaes : Red Ve by S pd Clpe Bio Doub AL
- : oSt dh s Soba St m
- 1~
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'mu:q.::\'r&a; ; T
Wt Mg v e ; VTP
[ERIER .
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e Sty on Groundwster Developrrent in Wangduepht fraay Ol of fhwian

PRESENT ORGANIZATION AND PROPOSED

FUNCTION FOR IRRIGATION IMPROVEMENT PRCPOSED ORVMZATICH OHRT OO ESTICVATER SLEFLY

5. URBAN WATER SUPPLY PLAN FOR WANGDUEPHODRANG TOWN

5.1 Facility Plan

8.1 Intake Facilities

- R is proposed to utilize the existing intake and sediment removal facilities as they, are.
Since the flow capacity of the existing pipelines is estimated at 8 Vsec, quite smaller
* than the design discharge of 20 Wsec, it is recommended to replace the existing ‘one.
*The -principal features ol lhe proposed new conveyance pl])elmc are. c.umnmuﬂd_

below. T ; - S S
- Design discharge: , 1,700 /d'l_\," (20 l!scc) : -
- Design water levels: .~ - . Grit Chamber LWIL: 1,428 m, HWL 14305 m
AR LU Rawwaterreceiving tank.  Liddm
- - Total distance;” - : Approximately 8.4 Lm '
- Diameter: - 8inch
- Type of piping materials: Ductile iron pipe

5.2 Water Treatment Facilities

The prmupal lcaturcs ot the ])IOPOSLd sy steni conmoncnls au, wmmawcd bdou

- Raw water rccciving'pil: ’S.S m '(L) h l._ m {W) x L 9 m (H) ‘of mmlmccd '
coincrete box’ with V-shape notch, buttui‘tv:w;u
valves, flow meter and turbidity meter.

- Flocculator: 0.7 m (W) x 10.0 m (L) x4 Nos. of Conchtc Ldi‘ld' :
' '-wxlh baflles. |
- Aluminum dosing system: m (W) x 15 m (L) x 12 m {l)) reinforced

concrclg solution tank with diaphram constant
ijection pump (1,400 cc/min.).

7 -
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- Sedimentation fanks:
- Rapid sand filter:
- Distribution reservoirs:

- Chiorination:

- QOperation house:
- Approach road:

- Other misceltaneous works:

merk i Ha',afutmodvamgouncl of Bhuta.

The existing tanks of which capacity is measured to
be 950 m' is ulitized with some extent of
reinforcement and supporting with irames and tapers
Gravity type rapid filter of 24 m? filter area with
filtered water transfer pumps of 1.2 Ymin (Filtered
water basin is attached to the rapld filter). -

The present capacity of 600 s propo&.d to be
increased with about 200 m’ and the piping galley is
praposed Lo be attached to the tank.

0.8 m dia. x 1.0 m (12} of tank made of plastics with a
diaphram constant injection pumg (1, 400 cc/min ) and
the nccessary equipment such as level gauge, drain

pipe, etc.

Wooden operation houses of 90 m’ at all
About 80 m of approach road trom the nationat road
1o Tongsa.

Wet masonry walls, fencing  works,  electricity

connection works, etc.

CS.3 I):stnbnt!on \'clwm ks mll Relating Facilities

The to]lowma, unpm\cmcm worL‘: are proposed to be made 10: hc presem

distribution’ networks.

- Rephcement of the existing HDPLE pipes on 1hc main papclmce wnlh Gl plpes to
* reduce water leakage and 1o avoid lllegal connection.”
- _'Placmg, new pipelines to unu‘gate unbalanad load of (Icmand by tra\e{ amtv 10115

main pipelines, etc.

- 'L\tcndmg the C\IShl'l_i_, nctwo:ks to p:owdc watcr lo the e\lcnded service arcas | m

- the Bam sub-area.

R & (mstruclron oi house <.onnec(mg p:pcs to each homchohl W uh water mucrs

5.2‘!mplem'cnta;limi S'chcdule'and Prdj cet Cost F.s,limate’

'8.2.1  Implementation Schedule

The wiban water supply system for the Wam,duephodran‘g, town area is pmposcd to be

nnplemcntcd as shown below

. Year ' . ) .

: . Work leins 1997 | VS V91 "”‘JU% “l}ﬁl [ w2 | N3 20 ] N 2o a7
[etaded Denign Sad Administrative SAorangenents i ; H ‘ : -
Cumayaace Pipehine [ f

ony ey AT Pipehin ) ; m ! : : : : o
Watet Treatipent and Distobution Sttoa ) | PR [ : : i
Destribution Netwarks and touse Meters i | i e o e ]

IMPLEMENTATION SHCEDULE OF URBAN WATER SUPPLY SYSTEM
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52.2  Project Cost Estimate Summary of Project Costs

for-Urban Water Supply in

(1) Project Costs Wangduephodrang Town Area
(Unit: 1.000.000 Nu)
The project costs for implementing Description Cosls
urban water supply schemes are ! DircctCosts 172.6
estimated as shown in the table, The  1-} Convesance Pipeline ou1

1.2 Treatment and Water Distribntion Stitiond V3.4

total costs consisting of direct costs, 1.3 Distribulion Netwosks and House Melcrs | 17,1

‘§ engincering fees, administeation fees, - 5 Rngincering Service 15
‘ and  physical ~ conlingency  are 3. Adwinisteation Costs 6.2
estimated at Nu. 231,200,000. - . Sub-folal : 239

4. Physical Contingeney -~ 7.3

(2) Operation and Maintenance Costs Total ' 2312

The catculated operation and maintenance costs are summarized below,

Annual Operation and Maintenance Costs :
) ) ] ('nit. Nu Loiin
e Year S 1997 1998 1 1999 | 2000 | 2000 | 2002 | 2003 . 2001 . 20630 20i 0 2007

Urban Water Supply 526 526] 0 526) 326! 22200 2MM2] 23127 232 23120 2628 2407

5.3 Project Evaluation
§.3.1 " Economic Evaluation -

gﬁ : EIRR of the Plalj is 111 %_a'h(_l al discocunt rate of 10%, ENPV-is Nu 20.9 million at
- price for July 1995, and E.B/Cis 1.11 at the same discount rate. Projéct evaluation has .
. proveir that EIRR exceeds the opportunity cost of capital 10%, ENPV is positive and
EB/C exceeds 1. It is ;udg,cd that:the implementation of:this' Plan is cconomically
- solind The EIRR'is a httle larger than the opportunity cosl of capital of 10%,
" However, this Plan is consideréd’ proﬁ!ablc in case that such intangible benelits as
health condluons and ||v1ng standalds in lhc Wam,ducphodrang, town are. ml-.en mlo
: accounl - = : L

5'.3.2 Finaneial Evaluation - Water Charge Analysis -
If Wangduephodrang Dzongkhag would “apply the same water tarifl” system as
Thimphu, after the completion of the Plan Dzongkhag or City Corporation could charge
“Nu. 564 thousand whlch values approximately ‘21% of lhc whole’ opcmllon and’

? mamtenancc COSt,

6. ' IRRIGATION IMPROVEMENT PLAN

Out of the schemes proposed in'the lrrigation Water Resources Development Basic:
Plan, the following two (2) schemes are selected for ihe Iunher nnplenmﬂalmn
considering their urgency ang unportancc

- Bajo canal project for low ﬂal arcas
- Phangyul canal for high hilly areas
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6.1 Ierigation Improvement Plan

6.1.1 Cropping Patierns and Water Requirement

The tmproved cropping pattein Proposed Cropping Pattern

for the command area of both . {(ha)

canals are proposed as shown in Namc of Canal Bajo Phangyul

the table. Canal Code Cu Cio .

Paddy-Wheal (P 31 3 )

) Paddv-Mustard (CPD) 13 |

In the Bajo sub-area, the double - Paddy-Paddy-Musta (CP3) 33 0

cropping of 40 % is proposed Single Paddy (CP4) 31 16

to be introduced, and in the Vegetable-Vegelable (CP3) 7 13

Phangyul sub-area, the crop Total - 9i

diversification of 10 % is proposed. The water requirement for five (5) year return
period is calculated and the maximum water requirements are also calculated as

shown in the table. Maximum Water Requirement

e et : . (lscc)

- The following design conditions Name of Canal Bajo Phangyul
are applied for the improvement Canal Code Y Cly

‘of the Bajo canal. ~_For 3 Year Return Period 210 240
= 'I\"laxitmnn:ﬂdw velocity: ~ 0.6 n/sec

- Roughness coeflicient : - 0.035 (for earth immg canal)

- 0.025 (for masonry canal)

'6.1.2 lr:“iga(ion ltﬁprovenmnl Plan

fhe prolcchon works-in 'Irrigalion tmprovement Plan

. the " Bajo  canal - are ! ST S L
j propmccf to be lnlplOVCd L Name of Canal HE “Baja : ‘Pinng,\ul
- taking into'account. of the :_Canal Code ; - Cl)_ B S &

T O I 1(.nm!lcnglh(km) . : 15 6

'. ‘,'“I"‘?_rablm:y mde\ The Conmand Aréa (lia) : 43 : :‘)'I '

- new ‘offtake facilities are  Nyuber of Benefited Household L82 32
proposed . to  be Numberof OMake Facilitics 13 32
constructed 1o Improve  Mean Vulnerability Fndex 108 113
water management in the BDosign Discharge d/s) co2le 240

. Phangyul sub- -area. lhe design condmons for such nnprovcment are summanzcd n
the table. . : : : '

| 62 Imi)témcnlation Schedule and Project Cost Estimate

6.2.1' Tmplementation Schedule.

- The implementation schedule of the irrigation improvement plan is proposed as shown
betow.

- 2 -
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Category - : “Yar
of Land Sub-ares | Name of Canat| Code| 17 N1 e et zal| s dea s 2aw 2
———— + + + o ———— e

[Lowiat Avea  [Bajo TBaio 9 R
High 1l Arca {Phangyul * [Phangyul Cl0 Justanes LT

PROPOSED IMPLEMENTATION SCHEDULE

6.2,2 Preject Cost Estimate
i\ The estimated project costs are summarized below.

Summary of Cost Estimation for Offtake Works of Phangyul Canal

Canal Code Name L‘.omnm‘ml. A:rm' tha) Canal Length (k) | Design Dischage (s -

cie Phangyud 91 C 16 240
_Deseription | wnit Quantity}  Unit Price (Nuy CAmount (Nuy [ Remark
Ofttake Warks | unt 12 : £,024 285,578

Summary of Cost Estimation for Bajo Canal Improvement

Canal Cede - Name Cmnm.";nd Arca (ha}] Canal Tength(km) Joesign Discharge (1 53

&) .| Bajo Canal C M3 G 13 Ca
Dhescription SEeit : Quantily CUimit Prige (Nu) Anu\tln"l'(Nu')

Canal Works = T . B : .

T Masonry Canal i m ‘ BN . 1238728 BT TROS
Farth Lining Canal - [ " s S92 FIR247Y
Chute for Masoniy Canal m (height) g 3255306 R T1R.1F°
“Chude Yor Soil Canal in{heighty | ' 162.00]- SRS R KL ) ‘ P 313328
OMake Works e it 3500 - 9810.71] 33T

-

% - Sub Total . ’ : . ‘ B o 2101273

{rotection Works

Frolection Werk ype PA! T m - o 3_35:‘)0 Do Coran276] ','F‘B.-‘l_‘)l
Peotection Work Type B |~ sm S a9 NV | I 111,357

C Protection Work Type PC | 6 o ) Sae90| 0 sasuel]| - 349,399
- Protection Work Type P | om0 - 17630 D issel| T 0 29575
© Steel Flue Aquedust TR ' BRI 5 L RI08,68 : 203249

i Pige Caal ! I R R XA Co 683 38345
Sub Tofal I R TIRIG

¢ Total Construciion Cast R : S o R L) R

~ The operation and maintenance cosls are also estinnated as summarized below.

Operation and Maintenance Cost for lrrigation Improvement Project
‘ : {upit 2 £.000 Nu y

Calepary o Nome ol .U ‘ o “Yeas | C
. _ofland | Sub-area | Canal | Code | 197 1on 199 ond ol el el T e el
. ot TowFlat Area’ [Bajo o Baja . 5 |CO o I S T AT
s . o Migh Tty Area [Mhangyat [Phangvat G107 i '\w‘ &a‘ el i sl \~ i
' Annual Tetal Col sl tiel e ae] bt el pw o e

231 -
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6.3 Project Evaluation
6.3.1 Fconomic Evaluation

EIRR of the Plan is 11.2% and at discount rate of 10%, ENPV is Nu. 525 thousand at
~ price for July 1995, and 1.B/C is 1.09 at the same discount rate. Project evaluation has
proveu that EIRR exceeds the opportunity cost of capital 10%, ENPV is positive and

E.B/C exceeds 1. 1t s jlld},(?d that the implementation of this Plan is economically
sound. The EIRR is a little larger than that of the whole agriculiural development plan
of 10.7%%

6.3.2 Financial Evaluation - Farm Household’s Economic Analysis

After the compleuon of the Irdigation Improvement Plan which includes the B'uo Canal
Project and the Phangyul Canal Project, the c\pecled ainual agriciltural net réturns
are increased by 1.29 and 1.26 times respectively in comparison of Without P'roject
case. Increased values of agricultural net returns are calculated to be Nu.8,548 and Nu.
2,642, which are equivalent to 6.11 and 1.89 man-month of the minimum wages (Nu.
- 1,400).

7. RECOMMENDATION.

(1) Ininediate l:hplememalion

"The recent growlh of  the countlys econom;c activities are remarkable and_
significant both in rural and urban arcas. The living conditions of the country is

" becoming rather worse, because of rapid population increase. In addition, the
- substantial amount of grains has to bc impoﬂcd from lhc neu,hbonng, aounims :

: rcsullmt3 m an uubalanccd lradt,

; Undu thcse conchtlon it is tmportant and cssenmi to plovrdc lhe 1nhabnants \\:lh
safe and liable water aupply sy‘;icms free from any contamination and biological
-~ inféction. l‘mlhermorc the ‘increase of ag,rrcultural productivity is onc of the
“important and urgent msues of the COLII'HI') in order to improve the country’s
unbalanced trade account. Therefore! it is recommended to implement the Basic
“Plan as soon as possible.

- {2) Method Oflmplememation

L

. Fhe rural water supply schemes and the 1rr|g,a1|0n improvement schemes’ are
f_:ecommendcd to be perforined under the direct management of the Governmen,
because the conslmclmn i$ so smlp!c that the construction would be able 1o be
“carried “out’ by the local engineers without .any difficulty. 1t is, however,
" recommended to implement the Urban Water Supply Plan for Wangduephodrang
Town Area hiring some experienced international contractors, since the facilitics to
be provided consist of complicated imported plants and materials requiring skilled
knowledge and know-how.
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(3) Exploitation and Utitization of\\’alcr_Remurccs

The potential of groundwater and sub-surface water is not so large comparing with
the ircigation water requicement, but enough to supply the deinand for rural water
supply. tt is, therefore, recommended to utilize the groundwater and sub-surface
water mainly for the rural water supply. However, a large amount of groundwater
and sub-surface water exploitation might have significant - impact on the
“environimental sitvation of the surrounding areas. It is, therefore, important to
g* establish the most appropriate plan of exploitation considering such eflects to the
= surrounding areas. It is also important to enlighten the higher morality of the
beneficiarics on saving supplied water in order to attain eflcclwe utilization of the
limited water.

The surface water is recoinmended to be ntilized for the irrigation water supply. To
realize the effective irrigated agriculture, it is necessary to perform the water
management in the most appropriate manner. It is, therefore, imporiant to improve
the water management practice as well as the water management facilities. In case
that suflicient potential of water source is nol expected, it is necessary to diversily
the planted crops also in order 1o utifize the available tand resources effectively. It
is also necessary to pay attention to the environmental aspects. ofthe surmundmg
areas o mmlmlzc such impacts. : .

(4) Consideration 'Necessary for Impiém:eniétibn

% o ~The following ‘items are’ recommended 10 be considered  in the  future
- unplememallon _ S : o ‘

l} Urban Walcr Supply Plan in Wangducphodrang Town: Area '

- a) Bcncﬁcmnes Wcll Awarencss on Savmﬂ Walc:
The Basrc Plan is preparui on condltions that tht, phyc.lcal losses would bc '

* reduced from présent 40 % 10 iulure 14 %, Since no water tarifl system is

: 'mtroduced the beneilcnanes arc able to use watcr almost frec of charge.
“They may not understand the value of supplied water, and as a result the
physical iosses may not be reduced as anticipated in the Basic Plan. It is,
-therefore, recomimended to educated the prospective beneficiaries and to
make them become aware of lhe valuc of such supplled water through _
vanous apportiu mues : ‘

v

'_b) Introduction of Melered Systcnl

As same as the other cilies whlch havc advanced pipLd water supply
systems, it is recommended to introduce the metered systemt in arder 1o
facilitate the collection of water charges. This is considered quite ‘effective
for saving water. However, the water tarifY should be:set properly to be
accepted smoothly by the beneficiaties,
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'2) Tirigation I.mprm"'e[_ne;nt. Plan for Bajb and Phangyul Canals -

a)

Application olf'[,a‘tc:s! Basic Da.ta‘ and loformation -

i Some of the basic factors such as rainfall, river runofl discharge, soil

condition, etc. have to be estimated in the Study. [t is hecessary 10 improve

and reinforce the basic data and information at the project site such as’
* meteo-hydrological data, geological and h){irog,eolc;5lcal data, farmmy’
* conditions  such as soil, unit ylcld atid* production - cost, “econoniical .
‘condntmns su«.h as Hfarm gate pncc and - marketing’ syalcm and qucaall

g condut:on% such ; as populallon elc

0)

d)

Unde'rsl_aliding of Actual Site Condition

- At present, 22 Us/ha of the deqig,u'distha:ge has been -applicd ‘for the
“irrigation facilities of most of the ‘projects in Bhutan. However, the

agricaltural laind is distributed from' approximately 500 ~ 2,500 m altitude

-~ and water requiremient should be varied depending upon the site conditions.

I some cascs, same water requirement has been applied even where there

is no suflicient: water at the intake site. Therefore. it Is necessary 1o decide
the. capacity of the irrigation Iacilities based on the meteo-liydrological

condition, cropping pattern, soil conditions, etc, collected al site
Understanding anid Cooperation of Berieticial Farmers

According to the results of the Study, the most cflective countermicasure
for the irrigation improvement is the impiovement of the  waler
management system. To establish the effective water manageinent system,
it is necessary 1o gm the underslanc’m" and cooperauon of tarmers.

Improvenient of Supporting System

Improvement of the farmers financial condition is one of the main purposes

- of the irrigation improvement plan. Fo implement the project smoothly and

to attain the benetit as anticipaled, it is necessary to support the farmers
financially as well as technically.
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