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PREFACE

In response o a request from the Royal Government of Bhulan, the
Government of Japan decided to conduct a study on Groundwater Development in
Wangduephodrang Distiict of Bhutan and entrusted the study to the Japan International
Cooperation Agency (JICA}).

JICA sent to Bhutan' a study tcam headed by;ljr.‘ Shoji Kanatsu, Pacific
Consultants International and Composed of staff members of Pacific Consultants
International and Chuo Kaihatsu Corporation, four times belween February 1994 and
January 1996.

“The fteam held discussions with the . officials concerned of the Royal |

’ Govmnmcnt of Bhulan and conducted ficld surveys at the slmly area,” After the team
‘ 1clu|ncd lo hpm further sludlcs were made and the present repotl was prepared.

I hopc that {hls :cpo:t will comubutc to the pronmlmn of lhc praject and lo lhc
cnlnuccmcnl of fncndly lclallons between our two counlucs

1 wish to express my sincerc-appiceiation to the officials conceriied of the

- Royal Goveriment of Bhutan for their close cooperation extended to the tcam. -

Match 1996

e

Kmuo Fujita

i’;c«;;dcnt
Jap'm Intcmatzonal Cooperation A gency



March 1996

Mr. Kimio Fujita
President

Japan International Cooperation Agency
LETTER OF TRANSMITTAL

Dear Sir,

We are pleased to submit the final report cntitled “The slu'dy on Groundwaler
Development in Wangduephodrang District of Bhutan”. This report has been prepared by
the Study Team in accordance with the contract sighed between Japan International -
Cooperalian Ag,cncy and Pacmc Consultanls Intcrnauonal in association with Chuo

Kalhalsu Corporallon

‘ The rcpo:l COIISISlS of Lxcculwe Summary, Main Reporl aml Supporling Reporl
B xcwlwc Sununary summarizes the results of all studics. Mam choﬂ presents the rcsults
of the whole slmly mcluduu, waler resources potcnhal water rcsourccs evaluahon basic
- water resources dcvciopmcm plan utban watet supply pl:m for Wang,ducphodranu, town and
irrigation nnprovcmcnl plan. Supporlm;_, Report dcscnbm data and technical details of the
“cntire sludy ln add:llon Drawmbc and Data Book h'wc bccn |:repated and subm!ttcd_

' hcruwnth :

Al mcmbcrs of the Sludy Team wnsh lo express .g,nlcful acknowlcdg,mcnts to lhc_
-pcrsonnel ol‘ your A;jcncy, the Ministry of I oreign Affairs, the: l:mbaqsy of Japan in India, .‘
SICA Tndia oflice and JOCV Bhutan coordinator oftice and also to oflicials and individuals
of the Rayal Govermment of Bhutan for their assistance extended to the Study Team. The:
Study Team sincerely hopcs that the resulis of the siudy will contribute to the unprovemenl
of the domestic and {rrigation water supply condmons and’ the social and cconomlc
developmcnl i Wang,duepholrang, drslncl '

Your Faithfully,

- W
/
/ Shoji Kanatsu

Team Leader
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SUMMARY

. INTRODUCTION

Bhutan is a small country in the eastern Himalaya and its mountainous terrain covers
46,500 km’. About 90 % of the country's population of 600,000 depends on
agriculture which 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 living condition of rural

inhabitants by means of an effective use of natural and human resources.

The country is 64% self sufficient in food and the target of the Royal Government is to
achieve 80-90% self sufficiency by the end of 8th Five Year Development Play, ic.
year 2002. Therefore, food self sufticiency at the national and houschold lcvels has
been the major objective during 7th Five Year Development Plan and it would
continue to be the major objective in 8th Five Year Development Plan.

~ Various constraints and problems of insufficient water supplies dre found in the present -

water use of irrigation and domestic water supplies. In order to realize the ideal social
conditions to aflow inhabitants to lead productive lives in a sustainable manner, it is

“essential to solve the conslra:ms and problems of msuf}lucnt water suppl:cs

Considering the present sithation that many inhabi_tanls botf: _in urban ahd rural ‘ar‘ea'_s '
are suftering from shortage of water and bacteriological infection, it is necessary to

. provide the reliable, stable and safe water free of any risk to infcétion. '

‘ The Wangduephodrang dlslrlct is consldcrcd as one of the most potenual g,ranancs in -

~ the country, and most of the farmers lives depend on the agricultural produciion at

presenl In order to increase the farmers income ‘and 1o’ rise their hvmg lcvels n is
o cons!dered md;spensable to promotethe mcreasc of agncullural produclmly |

" The Sludy was conductcd by lhc Study Tcam of the Japan !utemallonal Coopuraiton

Agency (JICA) in cooperalion with the Ministry of Agnculture (MOA) and other
related organizations from February 1994 to November 1995, The objective of the

~ Study is to conduct a study on water resources development plan with an emphasis on
' groundwaler in Wangduephodrang Dislrict of Bhutan. The Study arca covers an area
“of 65 km? including the Wangduephodrang township, Lobcysa Bajo, Phangyul and.
“"Rubeysa Sub-areas. '

2. PRFSth CO'\IDITIONS OF THE STUDY AREA

2.1 :SOCN}-E{-OHOH“C Slt“a"on . Number 0‘ Vluages Househ(}'ds al]d

_ Summary

_ Population of Study Sub-areas _
. - Study Sub-arca Village Houcehold Population
{1) Household and Population Loborsa Y 2 77 1 36
Bajo 3 15 983
The number of villages, Pppangyl 18 156 §159
household etc. of each sub-area Ruboysa 17 179 - 1436
is shown in the table. Total 64 627 6.684
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(2) Regional Economy

The main occupation in the Study area is farming and lfivestock husbandiy. 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 area. Hence, rice production is the most important econoric aclivity in the
Study area. Rice is the staple food and is considered as the most important crop in
terms 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 Thimphu and Wangduephodrang Dzorigkhag
and surrounding areas, acting as a economic service cenire of the Study area.

(3) Social Sitvation and Infrastiucture

The Thimphu - Tashigang paved highway is crossing from west to east 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 luggages and essential
items. There are several bus services having daily or sometimes weekly senvices to
Thimphu, Punakha, Phuntsholing, Tashigang, Daga and other places.

2.2 Geology and llydrogeology
(1) Physiography and Geology

~ In comparison to other parts of the Himalayas, Bhutan is characterized by the

-+ presence of flatlands as peneplain relics at the top of mountain ridges due to the
relative gentleness . of uplift movement. = These support -a rich ecosystem. The
* geology of the region cai be broadly classified into:

- Quaternary formation (river terraces, mufdﬂo;ws),: S
- = Chekha scries (Mesozoic ~ pre-Cambrian phyllite, meta-sediments),
' . ' Paro serics (pre-Cambrian phyllite, schist group), and

- Thimpu series (pre-Cambrian gneiss group).
(2) ilydrogeblo,gy

' l{ydrogeo!ogical structure is assumed to consist of two layers, i.¢. basement rocks

of low penneability under Chekba series and porous Quaternary formation with
“good permieability. In addition to iiver terraces and mudtlow deposits, landslide
deposits forming gentle slopes at various " locations on 'mouniain sides are
significant water bearing strata.
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2.3 Meteorology and Hydrology

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

The Upper Chang Chhu basin ‘whose catchment acea is measured (0 be 5,640 kni®
consists of the Mo Chhu, the Pho Chhu, the Tabe Rongchhu, the Limti Chihu and
the Dang Chhu as shown below.
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2.4 Agriculture

(l)' Land Use in the Study Area
The land use in the Study area is measured as shown below.

" Land Use in the Study Area

: v . {Umit . ha)
Category | Stedy Avea : : o Sub-Arca . c e
Lo H R . Lobevsa ;" Bajo . |1 Phanguyl . Rubeyva
1 Foredt | anes (s260%%) W (4% 12 - 630 7ed s ] T 41 (5040,
2 Agrivulture Ak . R I ' s o o
“Wetland Cultivated : Cried s Cne lree] e @gsrwll st a3 ST (35 0%)
Drytand Cutivated |0 0 o] o om0 el 2 wrEal B ews
Ouher Agpiculiure R P2 5) RN VAR A S 1V IR S 0 7-L75' N A LA CRtS! IR PR E FLN
SubTotal ] rsno’ s el s ssivg| red o esmsl T a0 ara| o sn T ddarg
3 Orchard & Joriovltuee 0 (00%) oo e 0 (ot o b G ooy
" ¢ Pasture 153 (39%) 38 {B6%) o - el 81 gre §1 0 f90a
"5 Seittement . 93 (14%Y - . - - - - -
& Others ’ 518 (80%) 6 s - el - - 19 (120
“Total Arca 6500 uodowl 4w wdoon 139 . 00w} 1,030 . Gsiite 871 (00 D

Note : Area was cstimated based on the dala base of the Land Use Planning Project
(2) Present Agricultural Activity

Crop season in the Study area is broadly divided into two (2) Sea's_cms;-'monsodn '.
(rainy) and winter (dry) seasons. The main crop grown in the nonsoon season is -
paddy, follawed by winter crop (mainly wheat and mustacd). I the upland arca
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 thesc
areas, it is possible to 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 me NIONSOON S€ason.
The production of cach sub-area is as follows:

Crop Yield and Production in Each Sub-area

Ry T R ] Newd
SubArca Areaha) | Yieldtha) {‘rai.lx;l{t)  Arca(ha) Yreld(&ha) l"rahct(l} Arcathay | Yickdthay | Produci(ty
Tobeysa 235 267 60 121 13 159 n 100 EX)
Bajo a5 12 218 354 52 147 76 14! o.sol n
Phangyul 64 3 203 2 1.47 EX 8 083 7
Rubgss AT 1l 53 150, 87 16! 086! 1
Tots! - st 1,751 %0, - 365 mo - s

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

The pFESOI]l water supply Summary of Surveyed Popuiaiicn in Wangduephodrang

. _ Town Area
system covers the whole town ' o o Populationin199s
area of about 110 ha’ and the ] Category - chdmn Dhy Visitors
- Loore Tounship Area ! | 1,826 0
all_arcﬂs are served b)’ it with an- Conunercial and Shopping Area 526 H)0
H H 10n° Mok Bod 65 0
1_menmlleet OIP'CI’ﬂhOH, three (3} ,\dmamxm};m Orgemzanon ] 60 : 150
- hrin the morning, 2.5 hrin the  RpA Comples and Outer Quarters | 3,140 170
“afl : H RBA Hospital 173 (200
aﬂer!’soon, RI](-j two (2) hr in the - Primarny agd Junior {ligh School .30 5200
: evem_ng, tolalmg 7.5 hr a day. RNRRC Office : |2 0
' Total 6,035 2100

(2) E\ishng Watcr Supply Syslem
P ”lhe pr:,sun watcr supply system diverts its raw water from the Pe Chhu, and no -
other waler resource is utilized, The productmly of the emstmg water supply
systeim is limited to 780 m fday only because of the fimited conveyance capacity of
- the existing conveyance p1pel|ne from the Pe Chhu. The system was constructed in
- 1969 diverting the river water from the Pe Chhu. The intake is situated at right bank
of the Pe Chhu, 1.6 kin upstream from the Chhuzonsa. The river water flows into the
“open canal dircctly by gravity. The Bajo inigation canal was used for conveying the
‘domestic water also, when the supply system was constructed in 1969. Due to water
' quality corruption, the pipeline of -about nine (9) km was constructed along the
“national road in 1991, and the raw water is conv eyed mamly with the pipelines. The
water distribution station for the Wangduephodrang town area consists mainly of
plain sedimentation tanks and water disttibution tanks, The pipeline networks are
also installed in 1969 for distributing the treated water to the service area. The
'_operallon and maintenance of the supply system is managed by the PWD section of
the Wangduephodrang Dzongkhag.

5.2 Rural Water Supply

A total of 64 villages/communities were identified in the whole Study area as shown in
the table. There are many villages which have the water supply syslems constructed
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Summary

with the Summary of Idéntified Villages/Communities
~» .

UNICEF’s : ... Fresoed Populstion | L Peosent Bopolation

assistance. In “Vilages and House- Popula- Viltages and House- i Poputa-
Communities hold  _tion Conussznitics hold  § b

the Study area, —Ta T8k 177 U355 | hwn Sabares | 156 1 1153

31 UNICEF’s flabesa Gewog 134 2,604 Phangyul Gewog 156 PoOose
o IhesoGeney  f o ar LA

schemes are "3 Sublarea 113 983 Rube wea 173 1A%

fou Ild, and Thetso Gewog 58 496 Rubeysa Gewog 102 744

Lingbukha Gewog R3] 250 Jena Gewog 61 616

most of them Babosa Gewog 2 237 ~Thatso Gewog 13 96
are  generally : : Totsl 0] 627 6684 __

operated well though some standplpes are found to be out of order. The system
consists of stream or spnng intake, transmission pipeline with valves, break pressure

tank, clear Water reservoir, dlslnbutlon sysiem, tapstands, and sedimentation tanks.

3.

WATER RESOURCES POTENTIAL AND EVA LUATION

3.1 Outline of Present Water Use

(1) Lobeysa Sub-area

The irrigation water is supplied by the river water of the Tabe Rongchhu through
the existing Upper and Lower Lobeysa Canals. The rural water supply by schemes,
constructed by the Dzongkhag under the UNICEF’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 of the govemmcnt also take their
water from the sprmgs :

" (2) Bajo Sub-area

The irrigation water is laken !‘rom lhe Pe Chhu through the existing Bajo canal.
The surface water of the Pe Chhu is used for the urban -water: supplg, for the -
Wangduephodrang lown area as wctl The. water: supply in this sub-area depends .

* mainly on the spring source in the hllly area Vlilagers who do not have: any

adequate supply system have to take the wateér from the Chang Chhu or ungauon
canals for their domestic and drinking purposes at present. : -

" (3) Phangyul Sub-area

~There are some |rrlgauon canals to supply 1mgauon water in the Phang)ul Sub-

area, and these canals originate from the perennial streams in lugher hilly‘arcas. The
rural water supply schemes ar¢ also identified as UNICEF’s schemes taking the: -
water from nearby springs. The villagers having no schéme take lhe water from lhe
small seasonat streams or the pools formed beside small sprmqs

(4) Rubeysa Sub-area

There area some UNICEF schemes in this sub-area, utilizing spring water. The
irrigation water is supplied through some irrigation canals in the area taking the
water from some perennial streaims flowing along the steep valleys in the hilly
areas.
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3.2 Water Resousces 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 mode of occurrence,
groundwater is classified into i) river terrace refated groundwatet, 1) landslide related

groundwater, and

I]l} mud-Nlow © re- Potential of Avaitable Water Resotirces in theStudy#iea

) Iated gl'Ol.lﬂ_d-‘NﬂtEl'. Sub-surface Water Grouadwater {'min) Totad
The Calcul atEd Sub-arca (1trin) River Temace Landdide Mud-thow {1'min)
water potential for Letwsw Nit NA 150 2450] 2900
cach sub-area is B0 1,000 830 £00 Nia 2200
Slli“ﬂla!'iled in “18 Phamyvul NOA A 1,000 450 1,450

. Rubiysa HA N - 450 _ 00 1,350

table totaling 7,900
1/min.

-3.2.2 Surface 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
available. The poteatial of susface water resources is estimated as shown below.

Available River Discharge at Intake Site
- (Unit: m™s

Ju l.

River. Fan Feb | Mar | Apr | May | hun Aug | Sep i Od Nov D Do
“abe Rongehhu | 2031 2.000;" 1.862) 23585 32270 6423 9.962 13.404} 10.862; 4853 14290 2423
 PeChhu 2510 24901 22720 3154) 3938 7.837) 12.157 16.357] 13234 59221 418%, 2957
Lachhu 0.0390 0,037 0.035| 048] 0050 01200 0.1861 0.250] 0202} 0.090] 0.0617 0.045
Uship. 0015 GOt} 0013 0018 0.023] 0.045] 0.070! 0.091] 0.076' 0034 0024l 6017
Mochuna © | 0,353}, 0.047] 0.137] 0100f 0237 0432 0732 0.985]. 07980 0357] 0232) 0.178
‘Faka ngchhu 0119 O.IH - 0.106 'O.H? 0.184 0.567 '0.7(\ 0,619 0276 O l95i O.IJB

0.366,

As for the river walcr of the Chang Chhu in the Bajo sub area, the total anmount for
exploitable water is deterntined in accordance with appropriate intake structure and the
purpose of utilization.
© 3.3 Water Resources Evaluation
'3.3.1° Water Balance -
" (1) Sub-surface and Groundwater
‘1) Sub-sutface Water
The sub-surface water resources is abundant in the Bajo sub-area, but it is not

recommended to exploit it for irrigation, 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-arca, about 800 Vmin of the groundiwater is considered
available in the river terrace along the Chang Chhu. This potential capacity s
equivalent to 1,152 m"/day, and is judged to be quite large comparing with the
“present and the future water demands of the Bajo sub-area which are estimated
to be 44 m¥/day and 66 nr'fsec, respectively. The groundwater in the terrace
area is, therefore, considered to be one of the potential water resources for the
rural water supply, but not for the irrigation water supply.

b) Groundwater in Landslide Arcas

The available water is larger than the future demand of rural water supply in all
sub-areas. In the Bajo sub-arca, since the area where the groundwaler is
available is scaltered only in the hilly areas, it is recommended to utilize the
other type of water resources also for the low flat areas in order to cconomize
the water supply scheme as well -as to save and protect such  limited
grotindwater resources. '

©) ‘Groundwater in h-hid-ﬂo*«ﬁ z\fea |

The groundwater in the inud-flow area is not’ found in the Baio sub-area
according to the results of hydro&,eoloycal analyses. The available water is
considered to be quite abindant comparing with' the future déntands for rural :
water supply in all sub-areas except for the Bajo sub-area. However, since in
the hilly arcas such as the Phangyut and the Rubeysa sub-areas, it is unpmqblc j
~ to carry oul drifling works; the wtilization of gronndwaler-i in mud- flow area is "
- ot recommended thmsgh lhe avallable \xaler is abundam ' ‘

(2) Sur facc \Vater

At présent, surface water is used mainly for the irrigation purpose and Wangdue
town water supply. The surface water in low flat areas such as the Lobeysa and the
Bajo sub-areas is considered to be sufficient, while that in hilly areas such as the
Phangyu! and the Rubeysa sub-areas is insuflicient even in the present water
balance, considering the minimum requited discharge of mamtenance ﬂow ‘

3.3.2  Water Quality
The watet quahty of groundwater is judged to be safe \wthout any mfecuon and

contamination, while the surface water requires some trcatment of dlsmlecuon and
filtering. However, it is applicable for the irrigation purpose.
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3.3.3  Environmental Impacis

No adverse effects are predicted unless any excessive exploilation 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
- structures.

4. BASIC WATER RESOURCES DEVELOPMENT PLAN

4.1 Basic Concept and Planning Criteria

4.1.1 Concepts of Basic Water Resources Development Plan

(1) Components of Basic Plan

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

.+ = - the irrigation water supply plan, and
- the domestic water supply plan for rural and urban areas.

. '(2) Basic Concepts
- The following items are considered to be the basic concepts of the Basic Plan.

- Achievemeit of the effective irrigation water use
- -Achievement of the effective land use

o Urb'an and Rural Water S:upp_}g

-~ Decrease of the risks to various infectious diseases
- Facilitation of the rural and urban development
- Provision of the basic human needs in rural and urban areas

- 41,2 Planning Criteria
S ‘0bj§c]ive§ of Water Résoukés Development
" "1y Irrigation Water Supply
- Sustainable development of arable production to enable self sufficiency in
_ food production, _
- Improvements in the incomes, living and nutrition standards of the rural

population, and
- Sustainable utilization of natural resources.

v



2) Urban and Rutal Water Supply

- Provision of the safe domestic water free from any risk te 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 underslémdings of the beneficiaries,

- coordination among the related government agencies and concerned
organizations and people,

- unexpected accidents, and

_ delay in ﬁnancial arrangement.

As a resulls of dsscussmn with thc govemment oﬂ:c:als concem{:d the larﬂcl years
ale set as fol!ows Lo

- 2002 for short tcf_m plan |
- .:2007 for long te'n.n'plan,
42 Watc: Resources Developmeu( Plan for lnngallon Wa(er Supplv'
Based on the results of Ihe case sludy on the vanous |}OSSlblc countermcasurcs the

_ following strategies are proposed for estabhshmg lhe Water Resourccs Dcvelopment
Plan f‘or Ircigation Water Supply : ‘

Basnc Strategy for lrngat:on Water Supply

Arcas Target s Slralcgs
Low Flat Areas | Short Term | - Supplying the sulficient ircigation waicr
Applying the double paddy croppmg for 40% of pn,sml p&ldd\
| - -{. feld ;
Long Termi:{ - Supplying the cul‘ﬁcwnl irrigation umcr
- Applying the double paddv. cmppmg for i()ﬂ% of pn,scnl
L paddy ficld ‘
High Hilly Arcas | Shoit Tenm | - Establishment of new water manag,mmmsw.slcm :
' | - Applying the diversification for 10% of present paddy ﬁcld
Long Term | - Improvement of the water management syslem
‘| - Research oh suitable crops for diversification

L
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The necessary structures are preliminarily designed based on the above stratégies, and
the irrigation water resources development schemes are proposed as sunwnarized
below.

Summary of Proposed Schemes

(Lobeysa and Bajo sub-areas) . . -
Category of land Tow Flat Arca
Sub-Area Lebeysa . DBao
h "7;.;;:1; oi’(;cmlmnw B l[pu [.oh.)\a ] I.o\ur!,obu)sa B ____B_}j_o“ h Total
o ) I Cl i L2 1 ‘-”;(39"7”‘” o
T ”]W’*"*éii""”ﬂ se 0 a2
eyttt IR DR N S R S I B
T Neiberof tenies oasehaidy | v T T [T s "
o 7'7\uc;1t7\;-; of Oiltake Facilifies 32 . T H‘? _
" Proposed Cotnter Measures | Rehabilitation of Trigaon Caral with Fforcement of Fyotechion Weeks
Establishment of New Water Management System
ﬂ.ppl\,mq l)ouMe }‘«d«]} C‘rl-pp|n5(~l')“o l'or short 1{:?1.!0")"ul-.rhrbkrm) o
Total Construction Cost (1006w ) _ sz 3007 5016 )
"~ Repird 0N Cet (00080 | o 1T e T s
’ “Estimated Nel B ¢ Ratio 215 7777 aan 2380 =
" (Fhangyul and Rubeysa Sub-areas) o
Calegory of land : . 1Eigh 1Lty Area
Sub-Arca I‘anwg)ul Rubeysa
Name of Canal - Phangyul Gemhha Nalahha | Rutdbha
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4.3 Water Resources Development Plan for Urban and Rural Water Supply |
4.3.1 Present and Fulure Water Demand

n Wahgduephodrang Town Area
Projected Poputation in Wangduephodrang

The future population increase Town

projected for the targel year of - Categorics 1995 | 2002 | 2007

2002 and 2007 is st as shown | PresetSesiee el - ol rest

in the table. The consumptive Growth R:‘s: @2) (2"0'0) (2.00)

demand per capita s increased Doy Vistors (8% 2293 | 2634 | 2905

from present 75 day to 125 ‘Sub-total §328 | 9567 | 10.562

I/day in 2007. The total demand 2. Extended Scrvice Area

per capita will be once Resident 0 47 202

decreased from 'presgn[ | A JS—— Day Visitors] 01 . L2338

/day to 120 Vday in 2002 and Subtotal 0} 201 o

. . - 3. Total Population

will be increased to 145 Vday Resident]  6.035 | 6979 | 7.856

2007 Day Visitoss] 2,293 | 2867 | 3336
Total 8328 9',817 11,212

The average daily demand and the maximum daily demand (25 % increased value
of the average} are calculated as shown in the table. The rcqunred ‘additionat -
capacities are calculated deducting the present capacity of 780 m/day from the
calculated daily maximuim demand as shown in the table. :

Present and Fulure Water Consump!mn Lstnmaied Water De'mand and

. per Capita Requu’ed Addnlmnal Capacny for Area
( Vday/capita) ' C ( mYday)
' Preseat- | | Futare . Average | Man, Required
Descriplion 1995 2002 . 2007 CDaily; i Daily - | Addi-
: Cloth Washing : 30 . a5 30 S Demand i Demand “tipnal -
S (Laundny) | BEETE IR S Year (w'iday) i(n_ljldaj.') i Capadity
" Latrine sl w0 s R . {m’fday)
Bathing 30 30 40 - 1995 812 1 LOIS i -
Cooking 19 15 i 23 2002 S 906 L33y P 363
Consumptive Demand ‘75 90 125 2007 1,236 1,546 _- 776
Physical Loss 50 . 30 20
(% to Total Dcinand) ¢10%) - H25%)  1(14%0)
Total Water Demand 125 120 .0 15

(2) Rural Areas :
Present and Future Water Demand

The future water demand in each sub-area for Rural Areas

is calculated as shown in fable. A total S (m Jdm‘L
demand of 449 m'/day is necessary in o Water Demand
2007 - Sub-arcas l995 2002 2007 -
Lobeysa 139 176 1207
 Bajo 44 56 66
" Phangyai 52 66 18
Rubeysa 66 33 98
Total 301 381 119
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4.3.2 Urban Water Supply System in Wangduephodrang Town Area
(1} Service Area and Productivity of Water Supply System

The present urban water supply system covers an arca of about 110 ha comsisting
of the Dzongkhag and administrative areas, the commercial and shopping areas,
etc. An area of about 23 ha located betwcen the present DSC/AMC yards and the
construction sites of the junior high school are additionally included. Then, the
total service area of the water supply system will be 133 ha.

“The maximum 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 m3lday The capacmcs of the
conveyance pipeline and the distribution station are set at 1,700 m’/day considering

the five (5) % of the operation and maintenance requirement such as washing water
of the tanks, etc.

(2} Proposed Urban Water Su;iply System
| 1) Intake and Cbnveya‘nce Facilities

- The cxlshng mlakc facilities consisting of a sedimentation !ank and a canal
arc utilized as they arc, because their capacity is measured as more than 0.4
m’/sec (34,000 nf’/day}, suflicient enotgh to flow the design discharge of

 pipeline.

- The new conveyance plpehne 18 conslmcled increasing the capacnl) from
the prescnt 8 U/sec to the ﬁl!lll’b 20 Wsec.

: 2) Treatmem l‘ ac:hly

' 4 : The dall) produclwuy is. incrcased from 780 m lscc o l 700 m¥/sec
S mcrcd@mg the Lapacuy of the existing dlslnbuuon tanks form 600 m" o 850
’m‘.-
- s reconnﬁcnded 1o appiy some water treatment for unproving such high
turbidity and reducing bad color content.

3y [)isiribu’tion Nelerks and ouse Connection

The present d:slubullon networks cover most of the whole service areas in the
‘town, and house connections are made partly 10 the government oflices and the
oﬂlces and’ quarters i the RBA complex without any metered system.
“Therefore, it is necessary to provide such improvement as provision of house
connections, replacement of main pipelines, etc.



__Summary

(1) Planning Methodology

4.3.3 Rural Water Supply Systems

(\/’illagcs and Communities Ideatifi ed)

( Type of Preseatl Water Supply Schermes

R . , (Private. UNICEF, Govemment Org.)

It is found that such villages bave different )
conditions VﬁWi_“g Vmﬂge bY v1llage, and it Categorization of Schemes Itc:r_;a;ding Jh
is difficult to prepare such plans that are Novessary Coumfermeasnes
required for each village one by one in the v

Smdy_ The Smdy flow presentcd in the ‘ Sclection of Appropriate Measures for Walcj

Resources Developrment

figure is, therefore, applied to find out the N~ o277 T
necessary CoUntermeasures. Prioritization, Impleimcentation
Schedule, Cost Edtimates

" FLOW CHART FOR SELECTING METHODS
OF WATER RESOURGCES DEVELOPMENT

{2) Necessary Countermeasures

The necessary countermeasures are presented in the lable for each categorized
villages/communities. : : : ' a

Population and Number of Villages to bé_s__erved _hy New and Extension Schemes

New New* " New | _. o | Extension | Extensicn Water
Sub-arcas fiem ’ Scheme | Scheme | Scheme .\;:i;‘honal Scheme | Scheme | Teeatment
Sy By Wy Ehemie (A) wy | Schems
" Lobeysa No. of Villages - -t 0 o2 X ) o 0
‘ : Average Population 250 X 19 o -0 L 87 0:
Bajo - | {No.of Villages Sl 0 (1B 1 0 0 0.
" {Average Popubdtion © | . 1129 9 Cen] 135 ol e )
Phangyul © [No. of Villages ©o: 3 1}k O 0 il 0 0
. : Average Populatien 1 49l - E}. D 76 0 0
“Rubeysz - |No.of Villages . . ' 2 o] 2} o 1 2 b
; . |Avérage Population 93 0 C21] 0 (163 . .27 121 :
Whele | |Total No. of Village : I D 1 R P i | P i
Area - |Average Population | R 135 99 an] 123
Nete : New Scheme (A} Mote than 6 households  Extension Scheme (A): More than 6 households
(3): Morethan 6 houscho!djs () : Less than $ houscholds

with existing privaie f:!_\;ililg'

((‘.j s Less than § kouseholds

4.4 Iisplementation Schedule ;in_d Cost E.stinia_te!
(1) Implementation Schedule

The implementation of the Water Resources Development Basic Plan is proposed
as shown below. : .
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Calepoey | Sub-Area | Nameof Canal  Code| Prionity L Year
| offand 19,1981 199]. 2000 2001l 2000 xeal mee xes| awel 2w
LowElat  |Lobeysa  {UpporLobeyss  Cl @ '
Arca Lowerlobeysa (2 &
{iaje Bajo &) o
HighHilly |Pheagyl [Phapgyu) 1o @ !
Arca l_‘-fw_rlls_!'_m Cis @ H i
Robeysa  |Nalakha Ci8 © P
Rutckha i @ : {
Maphkha co | © | |
Naykesuwa 21 @ Eog { %
Rumin .22 @ = i i
Research the Optinum Divensification Crop ] - " n p— ; p———

IMPLEMENTATION SCHEOULE FOR IRRIGATION WATER SUPPLY PLAN

B Year
Weork ltems V057 1 Ies [ 1999 | 2000 | 2000 | 202 ] 3003 | 2 | 63 . ng 207

Detailed Destgn ard Adiministrative Anangemernts

Conveyance Fipehine
IMPLEMENTATION SHCEDULE OF URBAN WATER SUPPLY SYSTEM

R 4

- PWater Treatrnent and Distnbution Stallon
Distribution Netaocks and House Meters

. - Year
Suboreaschere . | iviedyd 1557 [ 1998 | 1999 | 2000 ] 2003 _ 2000 | 2003 | 2001 2003 1 2006 | 2007 ;
$oteysa Subarea — . P f ‘ P '
Nt;\ Scheme (A) 0.1 . : m |
‘Neiv Scheme ) 0.2 i . M ’ @
_ Extersion Scheme (H) 03 : . : ‘ w )
© {oaio Subarea A , ' -' : i ;
P New Scheme (A)- . 0.1 =' L. e : }
Neiw Sehe rm:’( |y . a3 ' : ' ﬁ |
| adkiond Sibeme e . t
thmgd Subarca | e PO { . i
New Scheme {A) l : : : i :
New Scherne (B) : ,
New $che me () : : : :
Extension Scheme (A) 1 03 ‘ . ) : ; ’ ,
Rubeysa Suborca = AR N _ : [
“New Schere {A) ) ©-1 : T : :
New Scheme (C 0.4
Extension Scheme (A) o2 i
Extnsion Schcmé am . ) 83 ;
Wates Treatment Scheme ¢ | ©.5 !
IMPLEMENTATION SHCEDULE OF RURAL WATER SUPPLY SYSTEM
L {2)Cost Estimate %

The total project costs for the basic plan for water resources development are
eslimated as summarized below.



Summary of Project Costs for Basic Plan

Unit Nre T0en00

Dresenghion I Costs T Erescripiion Coste
T titun Weter Spply Systern for Wang huephodiang Town Aged 1T Bsrigation Water Sigply .
1 Direct Costs 4726] 1 Lobeysa Sub-uiea 42
i 1 Conveyanoe Pipeline 6r1] 2 DajoSubares Au
| 2 Treatine ot a3l Water Distrbution Station 95 4] 3 Phangeul Silpoiea nl
§ 3 Distrbgtion Metworks and Hovse Meteis 171} 4 RubtvyaaSul-zea e
2 Erngirecong Seivice 38] 8 Reseadh Activities 14
1 Adninatation Costs . _ 62 Toid (3) 116
Sy toral 2139
4 Physica Condoygeny ] BER)
Toldtl) Dy
T Rorual Waler Spply Systems -
1 f.obeysa Sub-area 42
2 Bajo Srib-ares 181
3 Fhagyd Sub-aies 14§
4 Ruleysa Sub-area : 69,
Taral (21 - a1t Grand Total . 2529

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

Operation and Mainlenance Costs for lrrigation Water Supply
© Qupit: 1,000 Nu.}

Categery | Seb-Arca | Name of Canal Cade ) ) Year .

of Land ] 19os] o] o] oi] m] ] dds| D 2 a9

LowHlat  Leteysa  [UpperLobeysa €L ! . o1 n E N = :i% o

Area Lover Lobeysa {02 B Y TRE! IS RS IS IR
Bajo . - |Bajo e pRUREEP IR N RPN U
Highihlly [Phangyul [Phangwl . |10 (| s s sy oow Wloss) osmcosow
Area 0 Gemba -GS j A R T R R

Rubcysa {Nalakhy ~ ©  [C18 . R s s sk s s s

Ruickha 8 (&3] i : w] o]t 0 B L/ A

Maphabd fo20 , S 9' T IR 9i 9

Naykeyowa © |21 i - SRR IR IR 7 7; L

: Kumina | © €22 : S s) 5 s § .5, 508

Ancoal Total ¢ : a1l 1ol ves| e} el 2wl a6, e 2o

Operation and Maintenance Costs for Domestic Water Supply.

‘ = : ' L N A SR L (Unin: NULLOOO)
Water Sapply Plan | 1997 | 1998 | 1999 | 2000 [ 2001 | 2002 | 2004 2004 | 2005 | 2006 | 2007
Usban Water Supply | © 26| © 526] 5261 526| 22201 2312] 2.312) 2312 2312: 2628 2667
Rugel Water Supply | 282} 33s)  do6| 431 38| 700|739 ;757 T2 ML 815
Total 508l sEil 9321 958] 2.802] 3016] 3052] 30T0[ 3081 3025 382

The above estimates are made based on the prices in iuiy 1995, with the exchange
rates of 30.85 Nu./US$ and 100 yen/USS. : e

4.5 Project Evaluation
4.5.1 - Economic Evaluation

EIRR is 15.4 % and at discount rate of 10%, ENPV is Nu. 127 million at price for July
1995, and E.B/C is 1:53 at the same discount rate. Project evaluation has proven that
EIRR exceeds the opportunily cost of capital 10 %, ENPV is positive and EB/C
exceeds 1. It is judged that the implementation of the Basic Plan is cconomically
sound.

S5-15
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4.5.2 ° Financial Evaluation

(1) Farm Houschold’s Economic Analysis

After the completion of the Basic Plan, expected annual agricultural net retumns are
increased in the range between 1.16 and 1.33 times (average is 1.23 times) in
comparison of Without Project. Increased value of agricultural net refurns 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 fargest.

{2) Water Charge Analysis

To make the water supply plan successful, at least the operation and maintenance
costs should be paid for by the beneficiaries. However, a deep-rooted conviction
remained in the minds of the people that water would be provided frec of charge by
the Government, espccially in the rural areas. '

1)

2

Water Supply Plan for Rural Areas

*The participation of inhabitant would be very important for the development of

a water supply plan. The PWD and Dzongkhag are that through pariicipation
olf the inhabitant, the Water Supply System would be self-supporting. '

Water Supply Plan for Wianfg’duéphodrang Town

Recently, the Urban Water and Sewerage Project in Thimphu is proceeding by the

Thimphu City Corporation. This project provides new tanift' rates for water supply
which are risen afler 20 m’ per month. According to this new rates, a houschold of

five persons using a normal amount of water, will have to pay approximately Nu.
25.0 a month. If Wangduephodrang Dzongkhag would apply the same water .
tanifY system, 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.

4.5.3  Socio-Economic Evaluation

'The Basic Plan is expected 1o bring about various direct, tangible benefit and
“ secondary or indirect, intangible benefits as stated below.

‘Contribution 1o the Natiohal Developlﬁent'PFan

Stable Supply of Food

Improvement of Living Standard

Water Quantity and Quality Improvement
Vitalises Local Commercial Aclivities
improvement of Public Health Environment
Decrease of Local Women’s Work
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4.6 Organization

The fo!lowihg organization is proposed to be applicd for implementing the Basic Plan.

Mintabey al | Tiacgabang S TTYYTTY I

TR AT N S, Fusctvn TR R ORTICE,
ek iodce THn gy Nndde)
Beseaceh for PADSation © Abibidrdive Satin
Piversifcetion L
Punyop Bgioes QYR _
Ex EErgrel . - - : e
A cmp;:;: Pans A - I - . ) M Reakog ond [Wing Satin
Fur d Vi 3 Satly My uprdin vy Ytuded
o ad Salltin St St
Detated Desga .
of Facitifes : U 1 .. -
» :
e ?ﬁ: r'" i Bif AT ‘
irr rtum B Constoction of '\kii,m\‘.%.;k ] e W | M Fes b arcili'ep g Hedin l
" Fasitifies # O Mitaariiay w e
PP o Mrtaaue ]
s:lilﬂ.‘ o . . vita —— [
l_ EFTET § o Wt Manigensel &
= enter | Exteasion

PRESENT ORGANIZATION AND PROPOSED ncH VATER Y

FUNCTION FOR IRRIGATION IMPROVEMENT

. URBAN WATER SUPPLY PLAN I«OR WANGDUFPIIODRANG fOWN
5.1 Facility Plan
S5.1.1  Intake Facilé(ic's
Itis proposed to utitize the existing intake and sedmlent removal laulmes as they are.
Since the flow capacity of the existing pipelines is estimated at 8 Vsec, quite smaller

than the design discharge of 20 Usec, it is recommended to replace the existing one.
The principal features of the proposed new conveyance pxpclmc are summamed

~ below.
- jDeszgn dlscharge FEE 1700 m' /day (20 Ilsec) - o '
- De51gn watcr lcvcls . - Grit Chamber LWL 1,428 m, HWL 14?0 m- -
: . Raw wates receiving tank © 1,344'm -
- 'lotal dlslance Approximately 8.4km : -
~ - Diameter: 8 inch
- Type of piping materials:- ‘Ductile iron pipe

5.1.2  Water Treatment Facilities:
The principal features of the proposed system components are summarized below. -

- ‘Raw water recciving pit: 5.5 m (L)'x 1.5 m (W) x 1.5 m (H) of reinforced
: concrele box with V-shape notch, buttcrﬂy lype
_ - valves, flow meter and turbidily meter. :
- Flocculator: 0.7 m (W) x 10.0 m (L) x 4 Nos. of concrete caual
with baflles.
- Aluminum dosing system: 1,5 m (W) x 1.5 m (L) x 1.2 m () reinforced
concrete  solution ‘tank  with diaphram  constant
injection pump (1,400 cc/min.),

$-17
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Sedimentation tanks:

- Rapid sand filter:
- Distribution reservoirs:

- Chlorination:

- Operation house:
-~ Approach road.

- = Other miscellanéous works:

The existing tanks of which capacity is measured to
be 950 m' is utilized with some  extent . of
reinforcement and supporting with frames and tapers
Gravily lype rapid filter of 24 m’ filter area with
filtered water transfer pumps of 1.2 mi/min (Filtered
water basin is atfached to the rapid filter).

The present capacity of 600 m® is proposed to be
increased with about 200 m" and the piping galley is -
proposed to be aitached 1o the tank.

0.8 m dia. x 1.0 m (D) of tank made of plastics with a
diaphram constant injection pump (1,400 cc/min ) and
the necessary equipment such as level gauge, drain
pipe, elc.

Wooden operation houses of 90 m’ at all

About 80 m of approach road from the national road
to Tongsa.

Wet masonry walls, fencing works,  electricity
connection works, etc.

5.1.3 ~ Distribution Networks and Relating Facilitics

The. following'=improvcment works are proposed to be made for the present

distribution networks.

- Replacement of the existing HDPE pipes on the main pipelines with GI pipes to
~ reduce water leakage and to avoid illegal connection.
- Piacmg new pipelines to mitigate unbalanced load of demand by traversing long

‘main pipclines, ete.

SN Lixtending the e\us!mg networks to prowde water to the extended service areas in f

the Bajo sub‘area. ,

- ’Constmcuon of house connectmg pipes 10 cach household with water meterb

52 jmp_lcmenlatiou Schedule and Project Cost Eslimate

320 Iplementation Schedule

“The urban water supply system for the Wangduephcdrang town area is proposed to be

implemented as shown below

Work Jtems

. Year
lQ*nl 1998] i9)‘) 2000 | XL ] 2002 | 2003 | 2004 203 | 204 | i0?

Utailed Dlesigm aind Adrainistrative Amangements |
Conveyanee Pipeline . _

Water Treatirent and Distbaiion Station
Uistribution Neta nrks and House Mceters

b
e

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

" for Urban Water Supply in

(1) Project Costs Wangduephodrang Town Area
B (Unit: 1000000 Nu.)
The project costs for implementing Description Costs
urban water supply schemes are I Pirect Costs 172.6
’ 1.1 Convevance Pipeline 600

estimated as showan in the table. The

. i . 1.2 Treatinent and Water Distribution Statior] 93,4 -
total costs consisting of direct costs,

1.3 Distribution Networks and House Meters i7.1

engineering fees, administration fees,  gpgincering Service - 33
and  physical = contingency  are 3. Administition Costs 6.2
estimated at Nu. 231,200,000. . Sub-total : 2439
4. Physical Cantingency : 17.3

Total 231.2

(2) Operation and Maintenance Costs

The calcutated operation and maintenance costs are summarized betow.

Opetalion and Maintenance Costs for Ubah Waler Supply :
) ] : ’ (L'l Nu i 000)
- Year 1997 | 1998 | 1999 | 2000 | 2061 | 2002 | 2003 | 2004 ‘ 2003 § 2006 | 2007

Virban Water Suppiv ] - 326 526 526 3260 22200 2312] 23120 2312 2312 2628 2667

5.3 Project Evaluation
53.1 Eceonomic F\"alna(ion '

EIRR of the Plan is 11.1 % and at discount rate of IO% ENPV is \u 20 9 ‘millton at
price for July 1995, and E.B/C i is 1.11 at the same discount rate. Projecl cvaluation has
proven that EIRR exceeds the opportunity cost of cap]tal 10%, ENPV is positive and
E.B/C exceeds 1. It'is judged that the nnplcmentallon of this Plan is ccononmally
sound. The EIRR is a little larger than the’ oppmlumly cost of capxlal of '10%.
However, Ihis Plan is considered profitable in case: that such' intangible: benchis as .
health conditions and living 3tandards in the Wangduephodrang town are taken into -
account. : . ‘

5,32  Finaneial Evaluation - Water Charge Analysis -
2 y

If Wangduephodrang Dzongkhag would apply lhe same water tarift svstem as |
Thimphu, after the completion of the Plan DZongkhag or City Corporauon could charge .-
Nu. 564 thousand which values approximately 21% of the wholc opcmuon aud ;
maintenance cost. :

6. IRRIGATION IMPROV EMENT PLAN

Out of the schemes proposed in the Irrigation Watet Resources Development Baquc '
Plan, the following two (2) schemes arc sclected for the further implementation
considering their urgency and importance.

- Bajo canal projcct for low flat areas
- Phangyu! canal for high hilly areas
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6.1 Drrigation Improvement Plan

6.1.1 Cropping Patterns and Water Requirement

The improved cropping pattern Proposed Cropping Pattern
for the command area of both __ . (ha)
canals are proposed as shown in Name of Canal Bajo . Fhangyul
the table (‘aruat Code C9 _ Clu
) Paddy-Wheat {CPI) 34 31

T : Paddy-Mustard {CP2) 13 1
In the Bajo sub-area, the double “pagdy-Paddy-Musta (CP1) 55 0
cropping of 40 % is proposed Single Paddy (CP4) 34 16
to be introduced, and in the Vegelable-Vepelable (CPS) 7 13
Phangyul sub-area, the crop Total . tH N

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

. o _ 1/sec
The following design conditions Name of Canal " Bajo . Phan;_\"ul 2
are applied for the improvement _Canal Code Cc9 C10

- of the Bajo canal. For 5 Year Return Period 210] 240"
- Maximum flow velocity: * 0.6 nv/sec
- Roughness coeflicient : 0.035 (for earth lining canal)
: . - 0.025 (for masonry canal)

6.1.2  Irrigation Improvement Plan
‘The protection works in: A lrrigation Improvement Plan
the! Bajo camal’ cafer -_ - o | T . —— : :
proposed to beiimproved: . NameofCamal | Bajo Phangyut
taking into accotit of thie * —————Canal Code B _ €l
SR . o+ Canat Leagth (k) | 15 16
vuln:erablhty mdcx The Comiand Arca (ha) ‘ _ 143 91
new ofltake facilities are  wypber of Benefited Houschold 52 12
proposed to be  Number of OMake Facilitics © 35 32
constructed to  improve Mean Vulnerability Index 168 . 413
water managemént in the - Design Discharge (1/s) 210 240
Phangyul sub-area. The design conditions for such improvement are summarized in

 the table.
6.2 Implementation Schedute and Project Cost Estimate
6.2.1 Implementation Schedule

The implementation schedule of the irrigation improvement plan is proposed as shown
below.
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- - : e Summa
Category _ Yeer
of Land Sub-area |Name of Canal| Code| 1997] 1968 19990 300) 201] 2var] w3y 200e] 20! 2067 3w
Low Flat Area Rajo Bajo 1CY |penden ._ R
High Hilty Area  IPhangyul  {Phangyul CI0 Josmsi | ! P

PROPOSED IMPLEMENTATION SCHEDULE

6.2.2 Project Cost Estimate

The estintated project costs are summarized below.

Summary of Cost Estimation for Offtake Works of Phangyui Canal

Canal Code Name Cominand Area (ha) Canat Length (ke) - | Dosign Discharge (/)
Cl0 Phangyul 51 16 240
Description | wait { Quantity Unit Price {Nu.) Amount (Nu) Remark _
OMake Works | wmt | 32| 0 Tsoaal T TTugssyyp

Summary of Cost Estimation for BaJo Canal Improvement

design Discharge (1'5)

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

Operation and Maintenance Cost for lrrigation Imptrovement Project

Name ol

(unit: LA0O Nu)

Calepory . : : Year
of Land Sub-area | - Canal | Code [ 1] 15m) 19m] 3o 2ot mead 3o, o] Sesl xea] Sor
LowFlat Arca  [Bajo f3ajo o _ H JJP W] e w W
High Hilly Area {Phangyul {Phangyul |C10 Ul ! _;s;' ' ':-s, N N R e
Annual Total 8 w6 Lo i R I T

5-21

 Canal Code Name Command Arca (ha)] Canal Lenglh (km)
9 - Bajo Canal 143 15 219
_ Desceiption Unit " Quantity Unit Price (Nu) | Amount (Nu)

" Canal Works . Do IR
Masory Canal m 614.00 123826 CT7060.295
Earth Lining Canal mo | 14,386.00 £ 50.02 13T
" Chute for Masonry Canal m ¢height) 18.00 £ 225536 T 0596
Chute for Soil Canal | m (height) S162.00 “1.935.36 +313.528
Ofltake Works - unit 3500 C 981071 1 313,373

Sub Total : 2 20190273
Protection Works . ‘ S .

Proteciion Work Type PA in 235.90 L 7.602.76 L 1793491

" Protection Work Type PR o m 39.90 279091 D337

Protéetion Work Type PC M 29.50 6.250.61 249.399

Protcction Work Type P o 17670 1.525.6) 269,315

* Steel Flme Aqueduct Zom 3924 ¢ 6.708.68 263.249

Pipe Canal . m © RIS T 168344 _ 138345

“Sub Tolal : : T C Y835 416

Total Constroclion Cost 3.015.659



7

e Sbidy on

G gundwa'ﬂ DEV“JO{'JT?”I in Wangduephodrang District of Bhutan

6.3 Project bvaluahon

C6.3.1 Economic Evaltuation

EIRR of the Plan is 11.2% and at discount rate of 10%, ENPV is Nu. 525 thousand at
price for July 1995, and E.B/C is 1.09 at the same discount rate. Project evaluation has
proven that EIRR exceeds the opportunily cost of capital 10%, ENPV is positive and
EB/C exceeds 1. It is judged that the implementation of this Plan is économically
sound. The EIRR is a little larger than that of the whole agricultural development plan
of 10.7%.

6.3.2 Financial Evaluation - Farm Household’s Economic Analysis

After the completion of the Trrigation Improvenieat Plan which includes the Bajo Canal
Project and the Phangyul Canal Project, the expected annuat agricutlural net returns

are increased by 1.29 and 1.26 times respectively in comparison of Without Project

case. Increased values of agricultural net retuins are calculated to be Nu.8,548 and Nu.
2,642, which are equivalent to 6.11 and 1.82 man-month of the minimum wages {(Nu.
1,400).

7. RECOMMENDATION

- (D) Immediate Implementation

“The recent growth of the country’s economic activitics are remarkable and
signiticant both in rural and urban aceas. The living conditions of the country- is
“becoming rather worse,: because of rapid population increase. In addition, the
- substantial amount of grains has to be 1mporled lrom the neighboring countries
_resulung in an unbalanced lrade S

,Under these condmons it is lmponant and essentlal to prowde the mhabltants w:th
‘safe and liable water supply systems ‘free from any contamination and biological
infection. Furthermore, the increase of agricultural productivity is one of the
important and urgent issues of the country in order to improve the country’s
unbatanced trade account. Therefore, it is recommended to implement the Basic
Plan as soon as possible. -

©(2) Method of Implementation

‘The' rural water supply schemes and the irrigation improvement schemes are
- recommended to be perfored under the direct management of the Goveérnment,
© because the construction is so simple that the construction would be able to be
carried out by the local engineers without any difficulty. It is, however,
- recommended to implement the Urban Water Supply Plan for Wangduephodrang
Town Area hiring some experienced international contractors, shice the facitities to
be provided consist of compicated imported plants and materials requiring skilled
knowledge and know-how.

£
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(3) Exploitation and Utilization of Water Resources

The potential of groundwater and sub-surface water is not so large comparing with
the irrigation water requirement, but enough to supply the demand for rural waler
supply. It is, therefore, recommended to utilize the groundwater and sub-sutface
water mainly for the rural water supply. However, a large amount of groundwater
and sub-surface water exploitation might have significant impact on the
environmental situation of the surrounding areas. It is, therefore, important to
establish the most appropriate plan of exploilation considering such effects to the

“surrounding areas. H is- also important 1o enlighten the higher morality of the
beneficiaries on saving supplied water in order to atlain effective utilization of the
limited water.

The surface water is recommended to be utilized for the irrigation water supply. To
reatize the effective irripated agriculture, it is necessary to perform the water
management in the most appropriate manner. It is, therefore, important to improve
“the water management practice as well as the water management facilities. In case
that sufficient potential of water source is not expected, it is necessary to diversify,
the planted crops also in order to utilize the available land resources effectively. It
is also necessary to pay attention to the environmental aspects of the surrounding
areds to minimize such impacts. - "

(4) Consideration Necessary for Implementation

The following items are- recommended  to be considered " in - the future
implementation, o ‘ :

1} Urban Water Supply Plan in WarjgducphodrangiTo\Q’n Ajrea ‘
a)’ Beheﬁciaﬁé_s’ Well Awareness on Sﬂy{i:tg Water

" The Basic Plan is prepared on conditions that the physical losses would be’
reduced from present 40 % to future'14 %, Since no water tariff system is
introduced, the bencficiaries are able 1o use water almost frec of charge.
They may not understand the value of supplied water, and as a result the
physical losses may not be reduced as anticipated in the Basic Plan. 1t is,
therefore, recommended to educated the prospective beneficiaries and to
make them beconie aware of the value of such supplied water through
various opportunities. : R ‘ S

b) * Introduction of Metered Sysle:ﬁ

As same as the other cities which have advanced piped water supply
systems, it is recominended to introduce the metered system in order 10
facilitate the collection of water charges. This is considered quite effective
for saving water, However, the water tarifl should be set properly to be
accepted smoothly by the beneficiaries.
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2) lrngahon lmprovemcnl Plan for Bajo and Phangyul Canals

2)

b)

Applicalion of Latest Basw Data and lnformanon

Some of the basic factors such as rainfall, river nmoft discharge, soil
condition, etc. have to be estimated in the Study. It is necessary to improve
and reinforce the basic data and information at the project site such as
meteo-hydrotogical data, geological and hydrogeological data, farming
conditions such as soil, unit yield and production cost, - economical
conditions such as farm gate price and marketing syslcm and social

‘conditions such as population, etc.

Understanding of Actual Site Condition

At present, 2.2 Vs/ha of the design discharge has been applied for the
irrigation facilities of most of the projects in Bhutan. However, the
agricultural land is distributed from approximately 500 ~ 2,500 m altitude
and water requirement should be varied depending upon the site conditions.
In some cases, same water requirement has been applied even where there
is no sufficient water at the intake site. Therefore, it is necessary to decide
the capacity of the irrigation facilities based on the meteo-hydrological
condition, cropping pattern, soil conditions, etc. collected at site.

Understanding and Cooperation of Beneficial Farmers

- According to the results of the Study, the mest eftective countermeasure

dy

for the irrigation improvement. is the improvement of the water
management system. To establish the effective water management system,
it is necessary to get the understanding and cooperation of farmers.

Improvement of Supporting System

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

of the irrigation improvement plan. To implement the project smoothly and
to attain the benefit as anticipated, it is necessary to support the farmers
linancially as well as technically.

S-24
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1. INTRODUCTION
1.1 Background of the Study

In response to the request of the Royal Government of Bhutan (hercinafler referred to as
"RGOB"), the Government of Japan has decided to conduct a study on the groundwater
development project in Wangduephodrang District of Bhutan (hereinafter referced to as “the
Study"} in accordance with the relevant !aws and regulations einforced in Japan.

Accordingly, the Japan International Cooperahon Agency (hereinafler refcrrcd to as "JICA") the
official agency responsible for the implementation of the technical cooperation programs of the
Government of Japan, has undertaken the Study in close cooperation with the authorities
concerned of RGOB.

In August 1993, JICA dlspatchcd a preparatory sludy team headed by Mr. Seiji KAIHO to Bhutan

* 1o conduct the reconnaissance survey, hold discussions with RGOB's efficials and agree on the
Scope of Work for the Study (hereinafter seferred ta as “the S/W*) as mentioned in the ANNEX-

A R S -

The SfW including tentative: study schedu!c was agrccd upon bemeen RGOB and JICA. [n
accordance with the S/W signed in January 1994, JICA nominated Pacific Consultants International -
in association with Chuo Kaihatsu Corporation to conduet the Study, and in Febiuary 1994, JICA
dispatched the Study Team headed by Dr. Shoji Kanatsu to conduct the first field survey.

12 Objt'.-ctivos of the Study

“The objccmc of the Study is to conduct a study on water resources dc»e!opmenl p]an wzlh an
=(:mphasus on groundwater developmem in Wangducphodrang, Dlslncl of Bhutan.

:l 3 Ouihne of the Aclwmcs of the Study

1.3.1 Membel of the Sludy 'I eam and Counterparts

A ‘total of 13 members of the JICA Study Team were aSSignecl for conductmg the Study The
countel]:»arts of RGOB were also assigned and patticipated in various field works durmg, the pcr:od .

together with the members of the Stud) T eam.

The members of the Study Team and (he Cmmlerparls assxgned for the Swdy are hslcd m a\:mcx -
B. ‘ .

132 Cooperation

During the field work period, lhe counterpart personnels were assrgned to the Sludy by RGOB in
compliance with the request of the Study Team. Especially, a fot of ficld works including data
collection in the respective survey items involved in the Study, topographic survey, installation of
new stream gauging stations and rainfall gauging stations, drilling of test wells, sampling for water
quahty analy<15 were carried out in oo!laborauon with the counterpart personnels.

RS
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In order to formulate the consistent water resources development plan, the Study Team kept the
close coordination with various organisations during the Study period as stated below.

- Ministry of Agnicultwe

- Ministry of Communication

- Ministry of Trade and Industry
- Ministry of Home Affairs

- Wangduephodrang Dzongkhag
- Thimphu Dzongkhag

- Punakha Dzongkhag

1.3.3  Study Progress

Various susveys, investigations, analyses and studies were carried out throughout the three phases
of the Study as presented in Fig. 1.3.1. The activitics \w.h:ch having been conducted so far are
breted bclow -

(1) Phasc 1 Study

" The Phase I Field Work was commenced in the early February 1994 and continued for about

five and half months up 10 the end of July 1994. After the submission of Inception Report, the

members of the Study Team moblhzed to the site and collected the data and inforimation on

“their respc-.lne ficlds. The data and information collected during the Phase | Field Work

consist of various repoits, publications, statistics, maps, records, etc. I cooperation with many

agumics, the necessary data and information were collected successfully for exccuting the
Study: All the field works scheduled in the Phase | Field Work were completed and the results .
were stated in the Pro‘grcss Report ( l) mbnuued to MOA at the end of July 1994 and were

f'fully ul:h/cd in prepanng, the ]ntenm Reporl on the Sludy in lhe Phase 1 Honie Oﬂlce Wor' L
(2) Phase 2 Sludy

’ln st:ccescion to the Phase I llome Oflice Work durmg v«hu:h the lntenm Repon on lhe Smd)

was prnpared to describé the interin results thercof based on the results of the Plase 1 Field

Work, the Phase 2 Field Work commenced on arrival of the members of the Study Team at
' lh:mphu on 4 th November 1994, The discussion on the Intecim Report was held among

various ofticials concerned including the team members as soon as the Study Team arrived at
“Thimphy, and consequcmly the Minutes of Meeting was concluded on November 8. 1994, The

field surveys were then commenced, and lasted about nine (9) months ltll the middle of
: September 1998

T hc Phase 2 F 1eld Survey was divided into two (2) held W orl\s 2nd held Work ( ﬁo.n the

- begunning of November 1994 to the end of March 1995) and 3rd Field Work ( from the middle
of Juné 1995 to the middle of September 1995). At the end of 2nd Ficld Work | the interim
resulis of the Phase 2 Ficld Work were compiled in the Progress Report (2) and submitted to
MOA at the end of March 1995,

* In the course of the Phase 2 Field Work, 1mganon improv ement study and geological hazards
assessment were additionally carried out in response 1o the request of MOA. Besides,

1-2
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construction and momtonng w orks of the experimental Fac:htles test boring and tO])OL,rapth
survey were conducted in addition to the collection of necessary data and information.

(3) Phase 3 Study
Based on the results of the analysis and major findings obfained through the field works and
home office works, waler resources development plan was formulated and comp:led in this
Drafl Fina! Report during the Phase 3 Home Office Work.
The Draft Final Report will be submitted to RGOB by JICA with necessary explanation at the
beginning of January 1996. After the discussion on the Draft Finat Report, the cominents from

RGOB will be prepared within thirty (30) days after the receipt of the Draft Final Report.

The Final Report will be sent within thirty (30) days after the receipt of the comments on the
Draft Final Report from RGOB.

1.4 Composition of the Report

This Draﬁ Fihai Report compnses the'follov;ving five (5) volumes of fepo_ﬂs.

- Volume! ' Executive Summary
- Volume ¥l - - Main Report

- Volume LIl - ~  Supporting Repont
- "Volume IV :Drawings -

- :Volumef'v’ - Data Book'

o The Executive Summary bncﬂy dcscnbes lhe results of‘ lhc who!e study. The’ Main Repont L
' descrbes the summanized rcsuits of water resources development plan: The Suppomnﬂ Repon e
o presents the results of the Study émd the analy:.cs in detall by the respective suivey and study items.
The Drawnws contain the maps and drawings related to. geomorpholagy, gcology hydrogeology
and land use in the Study area. In the Data Book, thc basw data and mformal:on collected and the
'rcsulls of lhe ana1yqs of the Sludy are prcsemcd o -
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.Chapter 2

'2. COUNTRY BACKGROUND

2.1 General Feature of the Kingdom

2.1.1  Physical Characterislics

“The ngdom of Bhutan (DmL Ynl in Dmnbkhag language), “hlch i3 calied Land of
“Thunder Dragon, lies bemcen [atitudes 26° 45* and 28° 10" Nosth and bel\\ecn lougnudes f
'88° 45 and 92° 10' East_The country is relatively compact with 2 maximuin Tatitudinal

distance of 170 km and a maximum longitudinal distance of 300 km,’ ‘and comp:mq aland -

‘area of appromnalel; 46,500 kni’. Bhutan is a |'md1ockcd country sm:ated on the southem -
stopes of the Eastern Hlmalayas ‘bordering the Tibetan Region of China in the’ nosth and

north-west, and the Indian states of Stkkim, West Benual and Aqsqm and Amnachal
Pradesh in the west, south and east rcspecm ely. -

2.1.2 * Institutional and Legal l*‘rmncwork :
(1) Slmtturc of the Government

lhc constitution of Bhutann of the Royal Go\ernmcnl of Blmlan (RGOB) is based on -

~an enlightened monarch rules through Lhengyel Shungtshog (Cabinet), T shogdu

~ (National Assembly) and civil service ‘However, the simclurc of RGOB of some
§ or_gamsalqom is changing o in recent years.
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STRUCTURE OF THE GOVERNMENT 11994)

2 Stmcturc of thc Mlmshy of Agri lculture

According: to thc documem of the “New Renewable Natural | Resources (RNR)
Structures and Functions”, in keeping with the instructions of R(JOB to review. the
organisational ‘structures and ﬁmcuonal achvmes with a wcw to strengthen the
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Dzongkhag programme planning and implementation capabilities, the Ministry of
Agticulture (MOA) had embarked on the process of reorganisation, The MOA has
amalgamated the Planning and Policy, and the Administration and Finance functions at
the headquarters level in 1990, In 1991/92, further consideration of the Ministiy's role
in the “Natural Resources Sector Development” led to the formulation of the
“Renewable Natural Resources Research Strategy and Plan™. As a follow-up to the
research and planning exercise, MOA initiated an Extension Review, and Strategy
Setting and Planning Exercise in 1992, Finally, MOA was reorganised in November
1993

Har M)’.\i;.
Mighnes

k[ﬂnsl.ry of
g
e Tl Revourees
Training dndituie

K Feiowch, Estcension and Croap and Livedak Foredvy Sarvices Pami ng ;u-! Fuliwy : Admiibhation id
Lrigation Divigon Sorvices Division Division Eivtdon Finamue Tivmion
j] '
Research Tt Seraces Fuig ir) Rc, LCES X Planning and i Akt atny stk
T Sedtion - s-mnn Diesfogunant *mm Moniforing Sestiva Traimng Sevtide

Extensdn Animal Proan.nml ) | Naug Conrenvation - Ecamonme and Procorened
_Sedtjon Bedtion R - Satiog Marketing Selion Rave Sedum
Irsigation Enfacaned end Forc2 Frasction Land U Paming Finaiwe and
Tedion X 1 Qualtily Condrot o and Wilization . Sedien AveHpd Bt
Sectaor R Sedivn

Co ' : (o
Source \hnl-ls)t\l'Agn\ﬂtmc .

STRUCTURE OF MINISTRY OF AGRICULTURE (1994)

- With the start of the Seventh I ive Ye'ar Plan 1992-1997 (?FYP) MOA guided by
_PPD, has begun to adopt a wider approach 1o the devciopment planmng process
by acccp!mg that the three miain activities of MOA, which include crop, hvestock

“and forestry. developmem as nnegral parls of the development process, al least i in:

- Bhutan whete the e\cp!onahon of any one resource ‘affects the status of the others.

The full practlcal implications of this co- -ordinated RNR approach have yet.to be
worked out; but at least one of them is that at the dzongkhag fevel the three
sectional heads and the field stafl'in the three sectors should work closely together
under the chairmanship of the Dzongdag.

The MOA's basic structure consists of a Policy and Planning Commitiee; central
functional Divisions; and Dzongkhag RNR Divisions. The co-ordination of the MOA's
function at the national level is the responsibility of the Representative of His Majesty

“the King in MOA, the Depuiy Minister and Division Heads. The Policy and Planning
Committec, .which is  composed of the Deputy Minister and Division Heads, is
responsible for overall manageiment of Ministry's activities and for ensuring that the
RGOB's policy for the RNR sector is cfliciently inip]emenlcd.

As an operational programme of MOA, the activities of the Irrigation Section within
the Research, Lxtension and lmgahon Division (REID; fornierly Departiment of
Agriculture) are decentratised to the Dzongkhag Administration. 'The construction and
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mainfenance of both major and minor schemes are the responsibi!i'ty of the concerned
Dzongkhag(s).

The major objectives of REID during the Seventh Five Years Plan period comprised of
the following:

a. To cstablish sustainable production systems through increasing soil fertility and
mprovmg soil and water conservation;
b. To increase production of cereals and oilseed crops feading to greater self-
sufliciency; and
¢. To increase produchon of horticultural and grain legume crops, both For export
* and domestic markets, leading to high incomes, greater economic growth and
export revenes. :

2.2 National Secio-economic Situation
2.2.1  Population and Land Use
() Popu]atioh

Until 1990, there had never been a full population census in Bhutan, the demographic

~ data represent rough estimates, for example, the 1990 total population was estimated
to be 1.462 million. On the other hand, according to the 7FYP and some other official

" documents, the 1990 ofticial population of Bhutan has been estimated at 600 thousand.

" Furthenmore, accordmg to the population data which was preparcd by the Land Use -

' Planning project in 11994, the total populallon of Bhutan is approxnmately 549
thousand A :

{2) Land use

: The Masler Plan for Forestw Develop111ent (MPPD Draft 199]) has a more recent
“assessment. The main finding ‘of the MPFD has been that the total forested area is-
‘estimated at '56.9 % of land area. While a large part of the forest area remains un-
utifised, *forests répresent a major source of fuelwood, fodder and constiuction
materials. As livestock graze in forest areas, there is no clear dlcnnctmn between
livestock and forests land uses. Zonal surveys undertaken in 1987/89 have shown that
out of total area of land being utitised, more than S0% was accounted for in the others
catcgory This includes, 'leamdok and Sokshin land, i.e. private regnslered land with :
forest cover and public land with private grazing rights respccm’e!y Most of temperate -
pasture areas are subject to year round intense grazing mthout qhowmg Ql!,m of
overgrazing except close to population centres (7F YP) :

2.2.2 Nalionat Fconomy
{1} Ouiline of National Economy
Bhutan is predominantly an agriculture oriented country, with about 90 % of labour

- force engaged in agricultural sector. The sector contributes about 41 % of the Gross
BDomestic Product {GDP, 1992) and is the backbone of the Bhutancse econemy. The
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Bhutanese people rely on the land for their food and basw necessities, and the rural
cconomy is based on small, primary subsistence-oriented communitics.

Economic Produclion

The tolal estimated GDP in 1992 amounted to Nu. 6,178 miltion or about USS$ 238
mitlion (US$ = Nu. 25.92, 1992 amual average) at current price. The GDP per
capita referred to the total population estimated of 624,240 (based on 600,000 in 1990
and annual population growth rate of 2.0 %) is Nu. 9,897 or about US$ 380 (for
reference, it was estimated at US$ 370 by 1991, 7FYP). ‘This means that Bhutan is not
the lowest per capital income in the world which Bhutan have been classitied.

Economic Growth

During the 1987-1992 period, the annual growth rate of GDP was estimated at 4.0 %,
a very high rate of growth compared with most developing countries during the same
period. The major inputs for GDP growth was riot from increases in aid, but was
larz,ely based on the expansion of the elcctncuy and mmmg { manufacturing sectors.

RNR sector at 1.7 % was one of the t:!owcr growing sectors. Even a3 % gomh rate’ -
is rapid by most standards, and would allow a considerable improvement in average. -

- agitcultural incomes despite the growth of the rural population. While these estimales

o ‘when responsibility for logging was handed over to the Bhutan Logging C orporahou {a

| public sector enterprise). The output increased from this sector increased in the mid =
. 1980s, but maml) bccause of the need to l‘eﬂ lrees mfcsted with bark bcdlt, d;seasc f

' (?l YP) AR - :

()

were based on limited data, it has been assumed that the g,rmwh in the agmullmal'f

sector was the result of both increases in area planted and in productmly The

relatively slow growth of the forestry sector, was the consequence of RGOB poticy -
reslnclmg the level of log.,g,mg to prevent un-sustainable ulilisation of the forest

resources This policy resulted in a decting in LO]II]HEFCIH! logging in the early 19803,

Foreia’n 'I‘radc

" The major export commodities to India \\ere electricity, minerals, especna!l}, calcmm
- carbide, cement, timber and wood products, which accounted 82 % of total export
* amount in 1990. Eléctricity generated by Chukha Hydro Power Corporation has been
- occupying first position from 1987 (Nu. 374 million 97 % in 1990, Nu: 397 million 96
% in 1991 and Nu. 355 million 95 % in'1992). The major import commodities from
- India were varied from consumer goods’ like a rice, diesel oil, fabrics, etc. to capital

goods like tiruck chassis, petrol, iron rods, ete. From 1987 the nice has been the highest

- imported good in Bhutan.

: (%) Balance of Payment

The value of merchandise exports was estimated to have increased by Nu. 261 miltion
during the fiscal year 1993/94. Nevertheless, the decrease in imports of Nu. 407 nuillion
has borough about a large trade deficit of Nu: 966 million. The trade balance deficits

)
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were accelerated, rising from a deficit of Nu. 217 million in 1990/91 to Nu. 1, 614
million in 1992/93, but decelerated in 1993/94,

Further to the trade deficit, the service and transfer payments have been greater than
the service and transfer receipts with a deficit of Nu. 455 miltion. This resulted in a
further deterioration of current account balance by deficit of Nu. 1,421 million from
deficit of Nu. 1,953 miftion of the previous period.

Foreign md has contnbutul to offset the current account deficits. During 1993/94,
Bhutan's Balance of Payments consisting of balance of payiments with India and rest of
the wotld had an overall surplus of Nu. 647 million, but it has increased about 70 %
fromi the previous year. These years the economic relation to India has been i mcrcasmg
in comparison with the third counlries.-

(6) Intemnational Reserves and Extenal Debt

The total international reserves were stable in these years. The gross intemational
reserves has been increased by US$ 12.5 million to US$ 107 million during 1993/94.
The growth in rescives was a result of a strong increase in conveitible currency -
reserves. The convertible currency reserves increased by 12 % and amounted to US$
- 103 million as on June 30, 1994, as compared to US$ 92 million of the previous ¢ -
- period.- Bhutan has successfully avoided the foreign debt trap into whmh many
+ countries have fallen. As a result, it has not been forced to mortgage its natural
© resource base in an un-sustaina ble fashion to pay oft outstanding loans. '

DAt the end of June 1992, Bhutans COnv emblc currency loan outstanding amounted to
~ US$ 71 miitlion. There was a decline of 12 % comparison with the dept outstanding ‘of
+ - the previous period. Tofal repaymeénts during the period amountcd to US$ 4.9 million

comammg US$ 3:3 million of pnnc&pal and US$ 1.7 mllhon of interest. There was an
~ increase of 12 % in total debt service payments. ‘during the’ ‘period. The Indian Rupee
i debt at the start of 1991/92 of Rs. 980 mjllion rose to | 266 imiflion due to additional
: ﬁbonowmg of Rs. 286 nulllon "lola1 repayment at the end of 1992 was Rc: 3 M nulhon

r

(N Foreign E.\tchangc

The exchange rate of the Ngultrum against' the US$ and other major currencies
“experienced a significant change in the beginning of 1991/92 as a consequence of the -
‘Reserve Bank of India's move to adjust the externat value oi the Indian Rupee. As a
résult of this exercise, the Ngultmm \wakencd finther aé,amst the doilar and its average :
exchange rate against one dollar deprec:alcd to Nu. 31.37 of 1994 awragc from Nu.
30.49 of 1993 average, experiencing a depreciation of about 2. 9 %. The currency
equivalents of the Ngulttum against the US$ in July 19951s USS 1 = \'u 30.85.

(8) Financial Investment

The domestic investment by the Bank of Bhutan, Royal Insurance Corporation of
Bhutan, Bhutan Development Finance Corporation and Unit Trust of Bhutan, has been
increasing remarkably. In comparison with the financial investment in 1987 (Nu. 374.3
million), during these five years that on 1992 raised over 600 %. The investment ratio
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towards all cconomic activities has been increased from 11 % of GDPin1987t0 38 %
of that in 1992. The RNR sector occupied only 3.4 % of all financial investinent in
1992.

(9) National Budget and Balance of Government's Account

The Fiscal Year of RGOB is from 1 July to 30 June. The total national budget of
RGOB for 1994/95 was Nu. 5,010 million and the projected budget outlay for 1995/96
jumped to & record of Nu. 5,212 miltion.

(10) Price Index

During 1991/92, inflation rate as ineasured by the rate of change of the Consumer Price
Iridex (CPI), accelerated to 16,0 % as compared to 13.3 % in the previous year. The
major factors behind this acceleration was the increase in aggregate demand, increase in
food prices, and a sirong growth in total liquidity during the year. However, in 1993
and 1994 inflation rates were decelerated to 8.9 % and 82 %, respeclively. The
average increase rates (pnce index at June} from 1979 to 1994 en food, non-food and '
total were 8.7 %, 11.6 % and 9.6 %, respectively.

Because of close trade and monetary links, price developments in Bhutan largely follow
those in ndia; however, price levels in Bhutan tend to be considerably higher than in
India duu to higher lransportahon cost and less compcmwe markel

2.2.3' Social Silualion aund Infr:isl_ructurc : |
(]) Transport Nelwork System

' The majonty of the people in Bhutan hves at leasl half a da5 wall\mg distarice from a
- motor road. Some communilies are even more remote, 4-5 days froma motor road. .
L Thc:c cmmmmmcs havé to rely.on mule tracks and foot trails in conjunction with -
| suspension bndges, cantilevér bridges and in a few places ropeways to reach the
" nearest Iargc settlement. Rural communities are responqblc for the maintenance of foo
* frails and bridges on a scif-help basis. Suspension bridges provide short-cut links
between siretches of foot paths and mule tracks and save much time in reaching one’s.
~ destination. . Thus they increase the accessibility to markets, ¢ducational, health,
agricultural facﬂmes

- {2) Road Nelwork and (‘ondltion

‘The jcounhy has a Ialeral wesl-east highway from the capital Thimphu to Tashigang
- (546 km): 'The west-east highway is connected to southern Bhutan by three north -
south highways: Thimphu - Phunisholing highway (179 km), Tongsa - Gaylegphug
*highway (244 km) and Tashigang - Sa111dmp Jongkhar highway (180 km). Further,
new Wangduephodrang - Chirang highway is under constouction. The highways have 8
tonnes axle capacity ard were built according to Indian Hill Road Standard and
Specitication by Project Dantak, an organisation of the Governmem of India.
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(3) Health and Sanitation

Lack of hygiene and poor sanitation cause many infectious diseases. Diarthoea and
respiratory tract infections remain by far the most frequent diseases treated by the
~ health services. Worm infestations are estimated to occur up to 80 % of the population.
The majority of the diseases treated are seasonal and there is a marked flucluation in
the out-patient dcpartment altendance between summer and winter. Respiratory
g :  discases are a major cause of morbidity and constitute approximately 20 % of all cases
%’ in Basic Health Units. After auto respiratory diseases, diarthoea disease is the second
largest cause of morbidity. Approximately 40 % of deaths of children under five are
caused by diarthoea and 15 % of all patient seen in health centres in 1989 suflered from
diarthoea diseases. To reduce the incidence of this discase, access to safe drinking
water and sanitary disposal of human excreta is vitally important (FFYP). -

2.2.4  Agriculture
~ {1} Present Situation of Agricuitural Sector

" The agricultural sector, newly called as the Renewable Natural Resource (RNR) sector
- has three sub-sectors: agriculture, livestock and forestry, represents the single largest
“and the most Important sector in the Bhutanese ecanamy. However, based on the
comparison with share of agricultural labour force (over 90 %), agriculture land covers -
‘of the country (16 %) and its production such as the agncultural GDP (40 % of total in
- 1992); it is clear that produclivity of the RNR sector is unsatisfactorily low and rural
ﬁ‘ - econoty is kept in subssslenc»., level. :

{2) Agncullural Land Use

. While alarge propomon of thc country is covered by foresl the area’ smtable for
agricultural production is limiteg by the topography and low soil fertility in some areas.
The river valleys and the ﬂatlands in the southérn foothills account: for most of the
fertile cultivable lands whereas the norlhem alpine belt below the snow line js suitable -
only: for paslure Land is usvally terraced for' paddy production, while rainfed crop
lands and most of the orchards are not terraced. The niost receat eslimates sug.,g,est that .
16 % of total land is used for intensive agriculiural production, including dryland and

" imgated crop productwn and orchards (TFYP).

(3) Land Tenure °
~ The RNR seclor of ali counlry consists of 65 000 f‘alm houscho!ds wﬂh an av eragc ‘
farm size of 1.5 ha,, and fanm distribution is highly skewed: 45 % of farmers with less
than 1 ha, cultivating 16 % of the total. Conversely 16% of faniers ‘with kolding of
more than 2.5 ha, hold 42 % of the total area. Average farm size is substanhall) h:gher
in the west. Under existing legislation farm houscholds may only plant an area of up to
10 ha, excluding horticulturat crops. Farm size has been decreasing as farms are sub-
divided between children, and many small farmers are unable to meet their food
requirements. A study in the Punakha-Wangduephodrang area during 1990, showed
that 40 % of all farmers operated as part owners/tenants. A small number of land less
tenants were also identified, accounting for 3 - 5 % of the total. Generally, it is said that
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there is no land-lessness in Bhutan, although the rapidly growing populauon could lead
to the emergence of marginal farmers (7¥YP).

(4) Agro-ecological Zones

Bhutan has extremely diverse agro-climatic conditions due to major difterences in

altitude and rainfall as well as in slope aind soil characteristics. Climatic conditions it the

four physiographic regions (the southern foothills, the middle mountains, the high o
mountains and the Himalaya) range from hot and humid sub-tropical conditions in the §§
“south, to the ice and glacial conditions of the high Himalayas in the north (Masterplan '
for Horticulture Development, 1994).In an attempt to snnphfy the diverse cliniatic

conditions and to delineate agricultural areas with similar growing conditions, six agro-

“ecological zones have been identified based on temperature (determined by altitade) -

and rainfall.

{5) Production

A wide range of crops are grown dependmg on cropping conditions and Iood self

sulliciency requirements. Paddy and maize arc the principal cereals grown in ail
country, on 77 % of all cultivable land. Maize covers the largest crop ared, but is.
relatively more important in sub-tropical area of the south. In the temperate area the

major crops produced are wheat, buckwheat, potatoes, mustard and barley. Paddy is -
the principal wet land crop in the monsoon scason, and where irrigation water is.
available wetland winter crops inchude wheat, mustard and potatoes. Dryland crops it in .
the warm temperate area include “heat polatoes, mustard. '

Orange cardamom and othier lrop:cal fiuits producuon 15 concenti ated in the ﬂoulh
apples are produced mam!y in the tempcrate arca and polatoes are produccd in the mid
clévation arcas. Substantial areas of diyland have been comened to orchard crops in
response to the hlghcr profits obtained from hoticultural crops. Paddy is the preferred
food crop and many farmcrs would msh to convert dry land lo wet Iand to pmduce '
mom paddy (7FYP). - :

3 ood yam productlon has grown slcmly and export cash crops have grown uap;dly in

recent years. The main ceral crops are paddy, maize, wheat, barley, buckwheat and

millet. Bhutan 18 66 % self-suflicient in all cereals. To meet the remaining food needs,
. cercals are imported from India (P]anmng, Commission).

(6) I arming Syatem

Traditional Iabour intensive producuon nethods are used as there is little scope fo:
mechanisation on sleep slopes. Water is not a constraint, but management of water in
irmigation systerus is ineflicient. The crop rotation (Vsher) is widely practised and has
traditionally been based on a long fallow period. In most parts of Bhutan traditional soil
conservation techniques have appeared to limit soil erosion to a minimum. In the
southern focthills high population pressure and stecp slope production are beginning to
cause erosion in many parts, as the population arc originally from plains of India and
are unaccustomed to hill fanning. Bhutanese farmers praclice integrated farming
including varicd proportions of arable agriculture, livestock and use of products. It
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is estimated that over 70 % of the active labour force is engaged in agriculture and
related activities.

(7) Agricultural Institutions and Suppotling System

Apart from agricultural producers themselves, MOA has the major responsibility for
promotion of agricultural development. The MOA provides support services to farmers
g through three Divisions of Research, Extension aind Iigation (REID), Crop and
g Livestock Services, and Forest Services. The pnncnpal institutions and supporting
systems of REID are as follows:

Agricultural Extension Centre,
Agricultural Research Centre,
Seed and Plant Protection Centre,
Agriculturat Training Centre, and
Agricultural Machinery Centre.

2 a0 o

The agriculture support services are considered to be one of the most important
and essential services to facititate the various farming practices. Various kinds of
~ centres and institutes have been established in several places and the services
~provided in these centres and iistitutes cover various levels of assistance to the
farmers with a wide range of knowledge and know-how having accumulated so
far. s ' :

§ (8) Problems of RNR Sector

The RGOB has wcoynsed the tollm‘.fmgD as probiems conironum3 sustamab!e
. de\elopmcnt of lhc RI\R scclor : -
a luabihty to: plOduCC cn()ugh Ccreals to meet thc consumphon n:,eds ol the
L population; : : ‘
b, Low productivity of crops;

¢. Inadequate lechnolog,lcai support;

d.  Poor water management; S
- e.  Unbalanced production-mix insuflicient to meet ihe nu!nnonai necds’ (dehcnencg, in

- proteins and fat), :

1. Predominance of production for cuhqslcncc and less for cash income; and

. Scarcity of cultivated land leading to un- sustamablc (suicidal) farming prau:ces on

steep slopes.. :

% ‘To address these problems under the overali RNR sector framework,” RGOB 'is
“presently - implementing several activities and has planned options 1o “increase
agricultural production on a sustainable basis (Planning Commission).

225 Water Resources
With the high precipitation and an altitudinal variation of up to 7,000 m above séa level, the

water resources are abundant in Bhutan. The high precipitation results in a rich vegetation,
natural and cultivated, and the altitudinal difference give many possibilities for use of the

2-9
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water as a source of energy. Bhutan's water resources are confined in four mMAJor niver
basins: Amo Chhu, Wang Chhu, Sankosh Chhu and Manas Chhu. All four major nvers
have their sources in glaciers which cover almost 10 % of the country.

Waler has traditionally been used for irrigation, and the avaitability of water resources has

determined the sitting of selllements. Iriigation channels, often mnning over great

distances, have been an integral part of agn’cuhura? ]jraclices and such channels are stilt

built and maintained. The quality of the water in stream is threatened by pollution from .
towns and other large communities. This poliution is small and mainly caused by organic ﬁ%
matter which will be oxygenated fusther downstream, nevertheléss this constitutes a health

hazard of Bhutan's inhabitants {Planning Comsmission).

22,6 Water Supply

Between 1974 and 1990, a total of 1,387 rural water supply schemes were constructed in
“rural areas. The 6FYP set a target of constructing 600 new schemes but only 258 were
“completed ds of January 1991. Beneficiary communities contribuled Jabour for the
~ constiuction and maintenance of waler supply schemes. A total of 35,000 households
(estimated total household number is 70,000) or 305,000 people would benefit from rural
“water supply programmes if all of them were functioning. However, many of the older
“schemes are no longer functioning: Thus, the numbers of households benefiting in 1991
‘was estimated to be about 26,000 or 225,000 people (ZFYP),

'A study undertaken in 1989 reveated that 21 of the 24 urban dreas studied had a piped
water supply and distribution system. at that time 5 urban centies had treatment plants and
4 centres had been provided with treatment planis that were no fonger functioning. The
survey established that in general lhe water supplies were suﬂlmcm but that only § syatenn :
were able to provide a 24 hour service, The distribution systems in Thimphu, Phuntsholing,
Paro, Gaylegphug, Taslngang and Samdrup Jon;,l-\har been repmred and e\lended durmg,
the GFYP (?FYP) . _ ‘ : .

23 l)e\'elopme'nl Plan
. 2.3.4 Background

Since the 1960s, RGOB has recogmsed that Bhutan's economic fature is !mked to its

" neighbours and to the world economy Having abandoned a stralegy of self-isolation,
Bhutan now looks to increasing economic interaction with other countries as an avenue for
developmem The deveiopment of Bhulancse economy is however constrained by several
factors (’.*‘PYP)

g

a Bhutan is geograplucally isolated from other countries in the region bcmg a land!mked
<counhy, and is distant from the nearest sea port in Caleutla, India. This isolation makes
_ the transport of goods into and froni Bhutan costly;
" b, Because of the extremely mountainous terrain, the area of land which is suitable for-
*agricullural production is relatively small. This limits the potential for increasing output
from the agricultural sector and increases the risks of environmental degradation;
c. The population is distributed in remote scattered seltlements, to take advantage of the
limited land suitable for agricultural production;

2-10



d  The above factors have made the provision of roads and communication networks

~ difficult, and the delivery of health and education services costly;

¢. Unlike most other developing countries, Bhutan has a relatively small population and
the supply of manpower is a major constraint. The fairly recent introduction of western
education means that there is a shortage of manpower with the necessary skills for a
developing economy; and

f. - As most of the population have been subsistence farmers unti! recently, the fevel of
monctization has remained low. This has restricted the Government's ability to raise
domestic revenues, and Bhutan has relied on external assistance for the funding of
development progranimes. '

His Majesty the King also places much importance on environmentally sound sustainable
development. Within the Rencwable Natural Resources (RNR} sector the integrated
approach to managing the renewablc resource base of the country relies heavily on having
personnel ‘who have been trained and are capable of implementing: the comepl of
sustainable natural resources management and wse. :

o Bhutans deve!opment is based on co-operation with bilateral and multilaterat paitners. f his -
- international co- opcrahon is essential - for the dewe!opment of the country (Plannmg,; _

Commission). -

232 Five Year Piﬁns and Their Emphasis

The process of social and economic development began late in Bhutan: The Five Year -

" Plans have been the instrument of modem development. The first dnd second Five Year

Plans (1961/67, 1967/72) were totally financed by India and Iargely implemented with |

~Indian administrative and technical assistarice. These plans emphasmed the building of basic -
+infrasirecture, first and foremost roads, educallon and human resource training. From the
~first to the fourth Five Year Plan, there was a shift toward ‘education, health and
-agnculture lhe 4FYP. eimphasised agriculture, industry and f‘orestry ‘which accounted for
59 % of the plan The' SFYP and 6FYP (1981-1992) marked a further; shift toward
* decentralisation of (levelopment planning and a concerted cliort toward economic self-
"¢ reliance. Total e\penduure has more than doubled in each successive plan (P!anmn‘g,

Conimission).

- 2.3.3 Sevenlh l<n'e Year Plan 1992-1997

- T hc ovcrall aim of dev e!opmcnt is to raise the Ilvmg slandards of ali the pOpulatlon wilh.
- due emphasss given to the quality of fife as well as increasing incomes. While this is the

usual objective of development as pursued by all developing countrics, there are niany
means of achieving this goal. The RGOB, in consultation with the people and levels of g
Govemment, has developcd an overall approach based on six principles: - :

The Seventh Five Year Plan (?PYP) which canie into eﬂect in July 1992 has as its main
emphasis; _

a. Selfreliance: Increased self-sufficiency in financial resources. This will mean increasing

the efilciency of domestic taxation, but the country will still be heavily dependent on
international assistance both from India and other aid partners;

2-11
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b.

Human resource development: High priority to further development of human
TESOUICes;

Regionally balanced development: Pursuing self reliance, by limiting the amount of

foreign technical assistance so that it matches the capacily of the institutions to absorb
aid without becoming perpelually dependent on outside funds and experts;
Sustainability: Sustainability in development will continue to be a high priority both in
refation to the capacily to maintain facilities and services, and in relation to the
envlronmenl

’ I‘ﬂlClC‘llC)’ and development of the private sector: Reducing the rofe of the government

and emphaSIsmo the private sector as an instrument for further growth; and

People's participation and decentralisation: Strengthening decentralisation and popular
participation. as part of this initiative development commiittees will be established at the
sub-district (block) levels.

2.34  Development Plan in Sectors.

(1) Development Plan on Agriculture and Irrigation Sectors

The underlying slrategy to achicve the implementation of on-going and plamed

activities of the 7FYP are (Piatming C()mmission):

‘a The development of app;opnate and sustainable packages of lechno‘og,lcs for each

agro-ecological zone and farmer,
b. ‘Improvements in the effectiveness of the technology delivery system lhroug,h

strengthening extension activities, by expanding coverage and the dsstnbuuon of

-~ yield increasing inputs such as fertitisers and improve seeds;
¢. Improved access to inputs and credit;

'd. Expanding cropping area for irrigated cultivation of CfOpS L
~¢. Strengthening commumly org,amsauon for the sus!amable mauag,emenl of 1 ungal:on

- and other inpuits, -

- f  Ensuring a stable market and beuer pnccs l‘or fruit and cash crops, -

Implementation of land use plarning activities; and

h. - Promotion of concervation cthics and environmentally sound suslamablc Iarmmg

by extending tmmmg incentives and grants.

_ Thc principal project in the 7YFP related to the Study is the lmgat:on Support Pro;ecl
\mh total cost of Nu. 10.835 mitlion.

Within the frame work of the national dévelopment strategy which is guided by the

: “principle objectives of Self-reliance, Sustainability, Environmental Preservation,

Efficiency and Decentralisation of Governinent, Privatisation, Institutional -
Strengthening, Manpower Development and Regionally batanced Development,
- the specific RNR Sector Policy Objectives are as follows:

{2) Development Plan on Rural Water Supply Sector

Water supply schemes for rural areas arc being established in all major towns and in
962 villages. These water schemes will reduce the incidence of water borne diseases
and will provide clean drinking water.
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{2) Water Supply

The principal projects in the 7FYP related to the Study are the Support to the Rural
Infrastivelure Programme with total cost of Nu. 234.186 million and the Support to
the Urban Infrastructure Programime with totai cost of Nu. 138.662 million.

2.3.5 Relevant Studies and Projects

The refevant studies and projects refated to the agricultural, water rescues and waler supply
dev elopmcnts especially for the Study and the Study Area are as follows:

- Punakha - Wangduephodrang Valley Development Project (PWVDP Bajo)
Renewable Natural Resources Research Centre (RNRRC; Bajo)
National Sced Production Programme (NASEPP; Bajo}
Regional Plant Protection Centre (RPPC; Bajo)

Regional Agricultural Machinery Centre (RAMC; Bajo)
Natural Resources Tratning Institute (NRTI; Lobeysa)
[rrigation Action Plan

~ National Plan for the Drinking Water Supply and Samlalton
Rural Water Supply Project

- Urban Centres Water Supply and Samtahon Project
Seven Towns Water Supply Project

' Urban Cemres Water Supply Consolidation Project

e se o

236 Laws, Regulations .md Customary Practices refated to \\’atel Resomccs

Dev elopmcnl and Water Use

ﬁ (1) lrne,auon Agncultmal De\ elopmem

}\ccordlsl&, to \IOA lhere 15 1O specml rcg,ulallon of lhe water re>0urccs dcx e!opmml '
ol 1he mternahonal nvers for the purpose of irrigated 1g,mullural developient. It is-
sad that it case of the water resources development with dams, sénie international

regulauons exist belween RGOB and India andfor Banﬂladeﬁh but thc_\, aré not Ll(‘ai

" The standardisation of designs on construction of rural water supply schemes has been
~established in-1988. On average, the beneficiaty conmunities contribute 15 % of the

cost of the schemes in the form of fabour. Schemes are desq,ned 101 a 20 n i service
: pe; tod. o

(3) Water Taniff Strvicture

 Until now, Thinmphu and Phuntsholing have been the only towns where CONSUIMETS are
required to pay for water. Consumers are not billed (Nu/nionth) but pay at the oftices
of City Coiporations according to a ledger. For example, water seivices charge of
Thimphu is as 50 % of the service charges, ranging from Nu. $.00- to Nu. 40.00 a
month according to housing category.

_Chapter 2
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2.3, ’J' Problems in Dey elopmenl

Problems arc caused by the farge number of projects. T hetr growing complexity and mter-
dependence combined wilh the lack of skilled manpower in Bhutan and the limited size of
the civil service makes it increasingly difficult to cnsure that proposed projects and
activitics genuinely fit into the pnonues of Bhulans own fonvard planning, and fo prcvcni
the cou ntry being donor-driven.

In lhe mafter of ald uuhsauon RGOB faces prob!ems stmilar to lhose of the pas! namci) o %
an acute shortage of trained and cscpcnenced personat and of local resources 10 finance: L

: devclopment activities. The former: is expected to nnprove with  continuing efforts at.
administrative reform and deceniralisation, use of automation, improved conmmnications,
more emphasis on in-country fraining and dcvolvmg goverment operations to the private
seclor (Planning Commission). :

" A second aspect of manpower and financial shortages is its impact on plan implementation.
Much emphasis will be put on maintenance and consolidation of existing sitccessful
programmes, with high priority on health and education and in firrther strengthening basic
mnstitutions (plmmmg, statistics, survey. and mapping, census, mamgement traitiing) .
including participatory development at the local level ; Nevertheless the lack of experienced

- personnel and of finance will restrict the speed and quality of implementation of projects.

2.4 Women in Dc-v_clopinent (W1 l))

-2..4.1 Status ochnmeu in BI[(:I#nl

Waomen in Bhutan constitute 48 % of the populatlon Bhuianese woiten enjoy considerable

ficedom and are treated equal to men under the law. There i is no overt discrimination on
the basis of gender. Some women play as vital & role as men in the rural and urban
cconomy. A few women hold managerial positions in the pubhc and private scctors.
Married women who ar¢ not employed ini the formal sector can often generate as much
income as their husbands, in addition to being housewives. Actually in urban arcas, women
are aclive in marketing and real estate speculation, and as managers ot shops and small-
scale enterprises.

2.4.2  Organisation

The Nanonal Womens Assucmtlon of Bhuian (NWAB) s a non-gm ermmeéntal
 organisation established with the purpose of motivating both rural and vrban women and to
bring them into the mainstream of national development, a goal which is insteumental for

the harmonious, sustainable development of the country. The NWARB activities consist of

workshops on health, sanitation, basic literacy and nutrition. They have established several -
weaving-centres and ¢rédit facilities specifically for women (Planning Conmission).

2: M4
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3. THE STUDY AREA
3.1 Definition of the Study Area
The Study area of 65 km’ is broadly divided into four (4) sub-areas, namely Lobeysa,

Bajo, Phangyul and Rubeysa by the Chang Chhu, the Dang Chhiu and the ridge of the
hilly land north to the Wangduephodrang township,

- As shown in Fig. 3.8.2, a lot of villages/comniunities were found and identified in the

field survey scattering along the valleys and the hifls in the Study area. Generally,
boundaries of the villages are not defined under any law or regulation in the country.
The Gewog boundaries also run in the Study area from cast to west and from north to

- south without any relation to the existing natural conditions, resulting in a quite

complicated situation in delineating the sub-areas exactly.

- As for the irrigation aspect, mﬁny fong and short ifrigation canals run in the Study area,

and some of them flow from the water source area where their intakes are located.
Such intake sites are located rather far away from the Study area. It is considered
necessary, in some cases, to include such irrigation arcas out of the Study area;
because irrigation canals have to be treated as a system covering whole. of the
command areas from the upstréam of intake to the small lateral canals. Ihe:eforc itis -
quite dlfhcult to delmeate the exact areas and boundanes of‘ such sub areas. E

- To facilitate the surveys and analyses fm the Sludy in both aspecis oflhe 1mbatlon and

. :domestlc water supply plans, the Study area is considered as such areas that include
‘the areas outside the irrigation canals also as required, wlnch fs interpreted that the
areas and boundaries of sub-areas considered in the Study on irrigation and domestic
‘water supply may be dlfferenl from each other case by case. As a result, each sub -area
is geuerally deﬁned as sla!ed below A - g :

1 queySa Sgb-atca:’ - f'l‘hc:areas lobaicd west of the Chang Chhu'.

© Bajo Sub-area: - Thc low flat arcas whlch C\lcnd cast of the C hang (hhu‘
' and include some surroundmb hilly arcas.

| Phangyul Sub-area: The hilly areas which extend north of the Dang Chhu
’ - and cast of lhe Pe Chhu. ‘

Ru_be'ys'_a Stlb';a;cef: T he hblly arcaslocatcd south ofllhe l)a;lg Chhu. 'E.

3.2 The Land Ry o

.}.2.1 Location and Physical Characteristics

The Siudy area is located in the inner Himalayas of west-central B.hutan. 'i'lxc:
Wangduephodrang town is the capital of Wangduephodrang Dzongkhag and the economic

and urban center of the Study area, and is located at about 27 km east of Thimphu.
However, the road distance from Thimphu to the town is about 85 km, and it takes 1.5
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lours driving. East-west distance and noith-south distance of the Study area are 10 ki and
6.5 ki respectively, and the total area is approximately 65 kv’

The elevation of the Study area, as delined, varies from 1,200 m to 2.400 m above sea
level, but the ridge lines defining the main river watershed reach 3,000 m above sca level or
more. There is a little fat land, except for a limited area of low terraces which are subject to
flooding during the monsoon seasons. Ground slopes generally range from 10° to 40°, with
the most of the agriculture practices carried out on slopes of 15°-30°. Within the Study
atea, the rivers and main tribulary streams are in general not steeply incised and cultivation
is often possible at very near the water courses.

Wangduephodeang towi is situated at an elevation of 1,350 m above sea'level and located
on a ridge overlooking the confluence of the Chang Chhu and the Dang Chku. This is one
of the oldest luman seltlements of Bhutan, and it is the impostant district headquarters.

-3.2.2  Administrative Unit

The Study area is situated in the three (3) contiguous Dzongkhangs (districts) of Punakha,
Thimphu and Wangduephodrang from noith to south. This arca is limited as shown in the
map which includes Lobeysa, Bajo, Phangyu!l and Rubeysa such as the Study sub-areas and
Wangduephodrang town fom north to south. Administratively, three (3) Dzongkhangs and
six (6) Gewogs (blocks) are related to the Study area, and the Study sub-arcas are under
“the Dzongkhag and Gewog as follows: '

Study Sub-areas and Administrative Unit

Study Sub-arga ¢ Dz.ongkhag_ibisirici) . Gonog (Blbck)'

Lobeysa o _ | Thimpha ) Babcso
: T o Wangdutphodraug | Thetso -
- Bajo: f - ' e \\’ajlagdeig‘lwl}odn'dqwg ] Thetso ; i
B © 0 | Pumakha .1 | Liogbukha -
o Thimpha : 7l Babesa ;|
Phangwt  © © - | Wangducphodrang Plangyut :
c Riboysa .| Wangducphodrang ‘1 Rubisa
o L' Wangducphodrang | Jena
o D Wangducphodrang ‘| Thetso
Wangducphodrang town | Wangducphodrang Thetso
Others - | Wangducphodranyg -*Nisho
' : Punakha- *Guina

© Note: * means very fow areas.
3.3 Socio-economic Situation
3.3.1 Iouschold and Poputation

* The numbers of villages, hbuseho_id and populaﬁon which correspond to the four (4) Study
sub-areas such as Lobeysa, Bajo, Phangyul and Rubeysa, are as follows:



Number of Villages, Households and
Poputation of Study Sub-areas

Study Sub-arca Village Household Poputation

Lobeysa 21 177 3.086
Bajo g i 983
Phangyul ﬁ 138 156 LI5S
Rubcysa 17. 179 ' 1456

Total 64 627 . 6684

The total number of household for the four {4} Study sub-areas which includes schools,
public oflices and institutes, RBA firing range, temples, etc., is estimated at 627 in 199570 -
% of the total is in the Wangduephodrang Dzongkhag, 25 % in the Thimphu Dzongkhag
and 5 % in the Punakha Dzongkhag. The total population of the Stidy sub-areas is
estimated at approxunately 6,700. The average number of family members excludmg public
orgamsat:on is counted approximately as 8.2.

According to the Seven Towns Water Supply Study (1989), the Wangduephodrang town's

- population (exc. RBA) was 3,800 at 1989 and was expected to grow at a rate of 4.0 % per

year. This projection translate into future population, the estimated populatioiis was

 approximately 4,630 at 1994, and the population projections at 1995 and 2000 were 4,820
~and 5,770, respectively. However, the tield survey results of 1995 conducts that the
" numbers of residents and dayvisitors of Wangducphodrang town are estimated at 6 0»‘3
“and 2 320, rcspccuvcly setling a moderale growth rate of two (2) %. SR

: 3.3.2 * Land Usc and l;anc_l Tenure

: f(l} L'md Use "

: ihc land use map of the counlry is hcmu prepaied by the Piannmg and Polu,) '
Divisidn (PPD) of MOA with the assistance of DANIDA: The present land use in

. the Study area is nieasured on this map ‘which is ca!led as land-use working map

© (drat map), and is conﬁrmed durmg the site survey. As a résult, it is claritied that

- the Study area of 65 Lm CONsists mamly ofthe following four (4}cateuonce: :

tand Use of the Study Area

| Category . Arca (kni)) A

. Forest 10.66 ' 625
Agricultucal Land RS o} M2
Pasture sy 3.9
© Sclitement 0. R
. Othess ' © 58 8.0
“Total . 65.00 1000

Source: PPD/DANIDA
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(2} Land Tenure

The agricultural land in three Gewogs; Thetso, Rubeysa and Phangyul, in
Wangduephodrang Dzongkhag is calcutated to be about 1,180 ha with 475 farmers

household. An average size of land holding in these Gewogs calculated to be about
2.5 ha. ‘The small holders less than 0.49 ha in size is more predominant in the three
Gewogs than in whole of the district.

3.3.3 Regional Economy

The nmain occupation in the Study area is fannmg and livestock husbandry. ‘The Punakha -
Wangduephodrang valley is one of the largest contiguous paddy dreas in Bhutan,
accounting for about 18 % of national rice pmduclmn from about 12 % of the paddy area.
Hence, rice produiction is the niost important economic aclivity in the Study area and rice is
the most important crop in terms of area, produclion, employment, as a food staple, and as
a cash and barter crop.

From the view point of the national and regiostal economy, the Wangduephodrang town is -

the commercial distribution pairit between the Thimphu, the capital of the country and
‘\Vangduephodrang Dzongkhag and surrounding areas, aciing as a economic service centre

of the Study area. The Punakha - Wangduephodrang valley is situated in a fertile soil and its

products are brought to the market of the town. A small bazaar with many permanent small
- structures is situated in the town center. At present, there are a few industries, such as small
- qawmll] and manufacture of furniture in the Study area.

334 Social Siluation aml !nfrastruclure

. The. Thlmphll : ’iashlgang paved hlghway is crossmg from west {0 casl lhrough the -
Wangduephodrang town in the Study area. This all-weather macaddm road is connected to @
lhlmphu and linked to the main east-west settlements. T hree paved roads are cxtended j
~ from this Iughway to south and north: Wangduephodrang Chirang road, Lobeysa -

; Punakha road and Chuzomsa - Sha Slate Mine road which run along the Pe Chhu Anoiher

~ motor road is Wangduephodrang Punakha road passm.g on the left bank of the Chang

- Chhy, but it is unpaved road. The main flow of traflic is oriented toward Thimphu, and
there are lumted flows toward Tongsa and points further east.

In the greater part of the Study area, vtllages can only be reached by mule tracks and fool
- rails, as well as two suspension bndges Hence, there is a burden of transporling luggages

s by horses and by men. There are several bus services having daily or sometimes weekly
services to T hsmphu Punakha, Phuntsholing, Tashigang, Daga and other places. In the -

g Wangduephodrang, town some jeep taxies arc serving from the town to surrounding areas.

. \\’angduephodrang town has piped water supply system at present, but it is not adequate. -

" ‘The water source is very far away, from the Pe Chhu by pipeline, and the water was
diverted in an imigation channel till it reaches the piped scheme. In the Study sub-areas
many rural water supply schemes were constructed by UNICEF progranine. However,
many of the older schemes are not well functioning and also face insuflicient supply in the
dry scason.

o
e
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3.3.5 Women's Situations in the Stady Area

According to the IFAD study report {1987) and ficld survey results, the overall situations
of rural women in the Study area arc as follows:

(1) Houschold

A feature of farming household is that the head of the houschold is female, and she

~ preside over the houschold It is connnon'for wormen over 60, especially if wido‘.\ ed, to

eight (8) people on average. T he women iwe in household with their children, martied

- daughters, unmarried brothers, and their father and mother (it stil alive). Matrilocality

is a tradition. The husband will after move to his wife's mothei's house when married.

(2) Women's Work

- The rural women are involved in a host of family chores and aclivitics in the house and

Chapler « 2

farm. The domestic tasks they perform include, on a daily basis: food preparation and -+ .

processing, washing clothes, fetching water and fuel wood, feeding animals, cleaning

the house and the compound. The women in the Study area scarcely weave. The rural

women niake local liquor from wheat and another cereals for home consumption.

Al the women are engaged in agricultural werk, and they have a claiin on the land, due
to inatritineal inheritance of land. Rice farming is the most important farm work in the

Study area and gender role on main works is as follows:,

: Dlwsnon of Labour in Rice Fannmg

Kmdof\\"ork c i Male - }_ 3 Pemalc

Transporting .~ . . ;. S S I
“Ploughing - - SURERY N T S .
Manoing ~ 2 - 0 - 0 e b X
Rice Sowing | . . - X
Rice Transplanting ., e - X
Weeding - S b X
" Harvesting B X X
Threshing X (X
Winnowing - -l - X
_Milling : T T ¢ o

 From the above menhoncd it is'seen  that the: women have the nia]or labour

comnbullon in rice fanming. However, recently some pan of the division of labour: by
gender is being not clear, bccausc of miroducmg of power uller ‘

o
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3.4 Geology and Hydrogeology
3.4.1 Physiography
(1) General

The land-locked mountainous kingdom of Bhutan constitutes an important segnient
in the geology of the Eastern Himalaya. 1t is flanked in the south-west, south and
east respectively by the states of Sikkim, Wcst Bengal-Assam and Arunachal
Pradesh of India and in the north by Tibet of China. Bhutan is believed 1o have:
derived its name from Sanskrit word “Bhutan or Bhot-ant”. The former means
sudden rise in elevation, while the latter conveys end of Tibet.: For locals the name
‘of this spectacularly beauwtiful country is Druk Yul --- Land of the 1hunder
Dragon. :

A

Geometrically it is roughly an oval shaped country and lies between latitude 26°45°
to 28°10” north and longitude 88°45° to 92°10° cast. The east-west length is
approximately 320 km and the north south width is about 175 km. .

Bhutan is compattmentalized into different anits by north-south flowing rivers. ‘
However, the entire terrain rises abruptly from the Indo-Bhutan border and redaches

different elevations in different paits.

Elevation-wise Bhutan can be classified into three (3) units:

.

- Soulhcmfobl hill region "(Sou(h)
- Mountain and valleybclt {Middle)
Htma1ayan cham (North)

': 'ln the mmmtmn and valley belt whue lhe btudy area is snuatcd nature |taS made
+ deep gorges in the somhem part and wide river valleys i the forthern part like.
- Paro, Thimphu, Wam,duephodrang etc., of elevation 1300 m to 2500 n. The.
elevation of the Study area ranges from 1200 m t0 2500 m above sealevel. = ¢
{2) Geomorphological S{udy

The I‘oﬂoumg geomorpho!og,ical maps have been prepared.

- Dramagu system map IR ¥ 50,000 and 1: IO 000

- Geomorphdogtcal land classification map 1:50,000 and 1:10,000
- Summit level map : | 1:50,000
-+ * Relative relief map S 1:50,000

© -' Drainage density map - 1:50,000

These maps may be of service for the study on geclogical structure, geological
hazards as well as hydrogeology. Geomorphological land classification map (Fig.
3.4.1) reveated gently sloped broad plane on the crest suggesting slow uplifting of
the area.
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(3) Photogrammetric Mapping

A new map on the scale of 1:10,000 made by photogramametric map drawing for
the study was prepared by the Survey of Bhutan, The aerial photograph used is a
part of the 848-A series which was taken in 1978 with approximate scale of
1:35,000. The photogrammetric mapping instruments used are:

- AMH TA-Table and/or AGI for drawing
< K 22 for coordination and elevation measurement

Al of these instruments: are products of the Wild eerbrug of Switzerland.
Symbols and marks were adopted as per the topographic map of Bhutan. During
the field verification, theodolite {RKI) with staves, sight rule and pianc table with

“tripod were used. Contour ling interval is 10 m on steep terrain and two (2) in on
the fiat terrain. Thick contour line (idex contour) was drawn every 50 meters.

3.4.2 'Gcology
(l) General

: The hrsl geological information pertaining to Bhutan came from (‘odwm Austm
(1868} in connection with mingral assessment. He was followed by Maliet (1875)
and P_nlgrqm (1906).  Lahiri (1941) provided dclalls of the foot-hill ‘geology
‘especially of his“Buxa Series”” The geological uwesl:g,ahons got an impetus afler
1961 when the Geological Survey of ludia set up a unit at Samise (old spelling
) _Samchl) Results of the early gcologtcal slirvey were publl%hed by Nautiyal et al,
' (1964).  This was followed by a crisp account’ of Bhutan ‘geology. by Gansser
(19064), Jangpangn (1974, 1978) and Janapang,l et al, (!975) which dealt in detall:
with thc regtonal 500103) of pms of Bhutan : ‘ A
. , ,
Aﬂer Nauh)al el al (1964), e\cqn lor the publlcauon ofa gcolog,tcal map (Anou o
: |984) no attempt has been imade to symhesue dl\-’(‘.‘(genl views contained in-
~© pumerous unpublished reports of the Geological Survey of India; ~The emphasis
. had shifted to mineral exploration. The results of mineral mveshgatmns have been
summarized by ESCAP (Anon, 1991) under Umted Nations in an Atlas of Mineral
Resources of Bhutan along mlh a map.

: Those exislmg geologlcal data, although linited, are acussnblc at the llbran' ot the
Geology and Mine [)wmon Mimshy of Trade and Industry, Bhutan,  The
publication of the Indian- Geo!ogwal Survey often comams ficld 1cp01ts on the

" Bhutan g f,ualogy and these are available in Japan.

Among the physmgrapluc belts mentiohed above, the Himalayan Chain as well as

~ the Mountain and Valley belt belong geologically to the Greater Himalayan zone.
As is mentioned above, the geology of the Greater Himalaya is mainly composed of
highly metamorphosed crystalline rocks with the Tethys sediments distributed to
the north.
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“The Study area is physiographically situated in the Mountain and Valley belt of the
metamorphosed crystalline rocks accompanied by thin cover of weathered blanket
and the Quaternary river terrace deposits at places.

The Bhutan Himalayas are composed of a sequence of major geo-tectonic units
which express themselves geomorphologically as the following three zones; namely
Sub Himalayan zone mainly composed of Siwalik Formation, Lesser Himalayan
zone mainly composed of Midland Meta-sediments and Greater Himalayan zone
composed of the Himalayan Gneiss and the Tethys sediments. These zones are
separated from each other by major faults,

Structurally the Bhutan Himalaya presents an‘extremely complicated picture. Each
formation is not only thrust bound but is also traversed by subthrusts. The southern
most tectanic belts show maximum imbrications and constitutes a schuppen zone,
though the horizontal translation involved seenis to be limited and deformational
history simple. The northern tectonic belts apparently seem io have simple regional
structure - but have suffered large scale horizontal translation and show: a
complicated deformational history. In contrast to the western Himalaya, the

~Tethyan rocks in the Bhutan Himalaya seém to be involved in complicated
deformahon

‘Based on rock types and teclonic style, the Bhutan Himalaya can be broadly
divided into two geological zones: below and above the Main Central Thrust w hich.
is being called Thimphu Thrust in Bhutan Himalaya.

As described by Molnar (1986) the Main Central Thrust is not a clearly defined.
plane separating two different kinds of rocks but instead is a wide zone of ten or
more kilometers where alf of the rocks have been sev erely sheared. In other words,
the Maln Cenlral Thrust is a serles of lhmsls and each sllced sheet has apparcntly
slid over the one beiow L P '

‘ Thc’ghighly' me_:tamofphoéed sequence aﬁove the' Main' Ccntral Thrust is the

- Thimphu Series and the weakly metamorphosed ‘sequence below the thrust is
named as the Paro Series. The Thimphu Series was referred to as the Takhisang
Gneiss by Gansser (1983)

(2) Field Works and Map Prepared

f Durmg Phasc I, li and I1I, ranging from Febroary 1994 1o Septembcr 1995, a field
: g,cological survey proyam has been performed.

T he ‘cayslallme rock scquence in the Study area has been tentatively classified into
“two series, namely the Thimphu Serics and Paro Series. The Thimphu Series is
~composed of highly metamorphosed rocks such as garnet gneiss, para-gneiss and
schists, marbles and quartzites with granitic intrusives. The Paro Seiies is
composed of less metamorphosed pelitic and psammitic rocks such-as phyllite and
schist with minor showings of stratabound copper layers.

3-8
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In the field, the highly metaniorphosed ‘Thimphu Series lics as a vast sheet covering
the less metamorphosed rocks of the Paro Series. This reversed metamorphism is a
“well known fact with regards to other parts of the Himalaya mountains but still

remains a major future research item. The petrographic study indicales a great

break in continuity of the metamorphic grade suggesting fault contact of the two
geological series.

In spite of the survey area being situated in mountainous area, many river terraces
are distributed in a wide range.' Accordingly, the Quaternary system, 1ol only river
terraces and mud flow deposits as described before but also some landslide blocks.
is also an lmpoﬂam element of the geology in the area.

The landslide blocks are situated in the mountainous or hilly aréas, and small scale
but perennial springs exist in the slide blocks. Because the landslide blocks are
geologically nnportant units, therefore these are marked as an independent
geological unit in our geological map.

. Maps created in this survey are as follows:

- Geological Map . :scale 1:50,000 (Flg 3, 42) and 1:10,000
2 Geological Profile =~ -~ scale 1:50,000 (Fig. 3.4.3) 3nd 1:10,000

Details of the geological units.a.re' dcsc.riljed as follows:
1) Thimpliu Series

“ The, vast ‘'sheet of Iughly metamorphoscd sequence, s{mcuu?lly Iocaied aboveE
~the Main Central - Thrust and compnsmg -garnet-kyanite- -siltimanite-para-
. gneisses and SChlSlS augen. gneiss, and ﬂaggy quartznes with granitic
" intrusions, and occupymg about half of lhe country, is named the Thimphu .
, -Senes after the capltal of Bhutan. In’ the Sludy arca, the biotite yieiss:
f f}mterbedded with gamet:f‘erous schistose - ‘gneiss, augen anenss with minor
~ quartzite band and quartz veins, pegmatites and g gramtc constituie the, Thimphu
Series. * The stratlgraphy ‘of the Thimphu Serics is repeatmg allemahon of
‘biotite-gneiss, garneuferous schistose gneiss and augen gneiss

Judging from the great dssconhmnly in -the mc!amorph!u yade with the
undcrlymg Paro Scnes the T hnnphu Series is considered as a thnist-up sheet -

on the Paro Series but no definite field evidence of fault comact has becn tound . o

50 far.
- 2) Paro Series

Below the Main Central Thrust Sheets, largely unfossiliferous Lesser
Hinialayan formations are present. The Lesser Himatayan sequences, so well
developed as  distinct tectonic belts in the western Himalaya, have been
reduced to a narrow width in the Bhutan Himalaya. The reduction in width is
due 10 more southward translation of the Main Central Thrust Sheet and
tremendous tectonic telescoping suffered by the Lesser Himalayan racks. The
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intense tectonics has completely disrupted the original stratigraphic order of

these unfossiliferous sequences.

In the studied area, the stratigraphic succession of the less metamorphosed
sequence betow the thrust consist of phyltitic schist, quartzite and quartz-biotite
schist (quartzose member herein after), green schist and thin bed of marble in
ascending ordcer.

t Although the g g,round check on the commmly of the proper Paro Scncs has not

been conducted the less metamorphosed siratigraphic sequence observed in the |

Study area is tentatively by named the Paro Series.

(3) Quatemary Geology

The Quatcrnary system in the Study area is limited in the scattered river terraces
and mud flow deposits of the slope. These twa types of Quaterary system, river
terraces and mud flow deposits, form gentle sloped terrain utilized as farmiand.

1} River Terraces

a)

" The lugh terraces are divided into two categories, H1 and 112 lilis lhe oldest.

.- So far obscwcd the hlgh tcrraucs are dewcloped mamly in and dround the .
Wangduephodrang town. The facies change, appearing as huge boulders in
" the down-stream and fine sand facies in the upper-stream, is significant in the

b):

High Terrace

terrace in the area, and its refative height is 130 m from the present river bed.
H2 has its relative height of 70 m to 100 m, and a la gc pomon is being uscd

‘ for the nation’ S army training LCIHCI

' Hl is underlam by mud ﬂow deposﬂs Lontammg many cobbles of around 50 ¢
- diameler. On the other hand, H2 is underlain by a mud flow deposﬂ layer, 10
3 m in Ihlckncs;, inthe upper pa:t and a boutder Payer in thc bollom ' -

fo

arca.

Mlddle Terrace

L ihe m]dd]e terraces are distnbuled in sevcrai places of both sides of lhe Lhang
5 Chihu, and are the largest in size. The terraces are divided into two catcgoues
M l and M2,

"MI has a rclalive height of 30 mto S0 m from the present river bed, and is

distributed in the area from the foot hill of the eastern mountains to the proper
Bajo sub-area. :

M2 has a relative height of 10 m to 20 m from the present river bed. The top
horizon of the terrace is composed of well-sorted fine sands, 30 meters in
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