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APPFNDIX H

APPENDIX-IT  IRRIGATION IMPROVEMENT STUDY

CILT Summary

ILi.1 Objective of the Study

The main objective of the study is to clarify the present conditions of irrigation systcm
and 1o suggest the aptimum irrigation improvement plan in the Study Arca.

'RGOB has miade efforts to 'plomote agricultural dc?elopmcnt in cbﬁformily with the
“objectives of the Seventh Five  Year Plan (1992- 1997) The - objccu\'cs of the
- ag,ncullural sector are as follows:

- sustamable development of arable production to enable self summency in food
production; :

- improvements in the i mcomcs lwmg and nutrition standards of thc mral populauon

- sus!amable uuhzauon of natural resources. :

'-'Thc Study Area is locatcd wnlhln !he main valley of lhe Chang, Chhw, Dang Chhu rver-

systems and tributaries and has good potcnual for agricultural producuon bes.ausc of

its chmatlc condmons especially for rme-based cmppmg systein.

In addition to the nalural conditions, farmers i in the lower part of valteys (Lobeysa and -

Bajo Sub-area) can casaly- obtain “farm inputs and have dccess 1o markets
(Wangduephodrang town and Thimphu town}. Technical information and services also

- can be obtained through RNRRC; NASEPP and AMC located in the Bajo Sub-area.
Farmers therefore have good opporlumly to car:y out a Ingher leve! of‘ farmmg _
‘ 'practlces compared to olher areas. : : -

A> memloned above ag,ncu'llure in the Siudy Alea is relatively dcvcloped compared o

- other areas of Bhistan with regards to productivity and technology adopted. However,
. the following constraints should be overcome in order to increase agricultural
" production and the living standard of farmers. The major constraiits of aur:cultura!
: development in the Study Area are as follows '

In the Study Area, most of lhc‘cullivablc tands have already been developed to the
maximum extent, and therefore, it is necessary to consider the improvement of land
produclmly, worl\ablhly, and e\,Ononnc eﬂ:c;ency in order 1o improve the avncultum :

produc(lon

'7 On the otner hand itis poss:ble to apply rice double croppmg in cenam pornons of the
- lrrlgalecl land of ihe Study Aréa without any change in the pres:,nt conditions of the
- existing agricultural infrastructure. However, rice double cropping is applied only in

less than two {2) % of the area at present, and the production of rice has been
decreasing since 1990. It is considered that this phenomenon is caused not only by the
technical factor but also by the socio-economical factor. ;

‘This means that it is difficult to develop the agricultural sector in the Area with’
carrying out only itrigation improvement project’ and some of additional plan like

H-1
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improvement of agricultural suppoﬂihg systein must be required with consideration of
the objectives for agricultural development.

Therefore, in this Appendix, the agricultural indicator in the area is also clarified based
on the date collected through the Field Works for the purpose of groping for necessary
countermeasure in addilion to irrigation improvement plan.

3.1.2 Sumuniary of Field Work
(1) Collection of inforniation
Foltowing data and information weré c'olétected.:

- Land use data by Gewogs

- Agricultural production and cropping arca by Gewoge

- Trading statistics data

- Farm gate price of agricultural production (up to 1992)
- Marketing price of agricultural production (1992 ~ 1994)
- Construction cost ratio (August, 1995) ‘
lrrigat_i_on facifities design manual (1994): ;

{2) lnventow W mks on thc irrigation canai

Foliowmg lm'enwry works on the mam 1mgauon schemes in thc Sub areas was
: camed out.

| - Proﬁle and iong:tudmal suwey for seven schemes (scalc 11500 sketch work) -

© - Discharge capacity _
. * - Off'take and command arca :

G- ICroppmg paltern -
- ?Water manae,emem systcm -

i

(3) Field s sun’ey 3

Over roll field survey of the 10 of main 1rr|5allon schemes comemcd in the Sub-

“areas was carried out and physical conditions and problems were found out. Those

- were. confir med lhrough the hearmg mveshgatnon from farmers and irugatlon
3 OﬂlC(‘ra

' (4) Pn'cli:ninmy S!ati_slical Analysis for ;\gn'ic(:llitlg‘al Seclor

Based on’the land use data of the Land Use Planning Project in MOA and the
‘statistical ‘data of Center Statistics Organization (CSO) in MOP, preliminary
“statistical analysis for agricultural sector was carried out for finding out the preseat
‘conditions of agricultural aspect in the Bhutan. Similar analysis was also carried
out for the Sub-areas based on the fand use data by Gewogs.
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(5) Evaluation of Traditional Water Management System

Based on the resull of the inventory works and field survey, traditional water
nranagement system of each main irrigation scheme was evaluated.

ILL3 Summary of Case Study Resull

There are 22 irrigation schemes in and around the ‘Study Area and 10 irrigation
schemes among them are supplying the irrigation water for the Sub-Study Area as
shown in Fig. H.1.1. Considering the conditions of topography and waler resources,
two (2) irrigation schemes were selected for the case study to find out the optimum
irrigation improvement plan. The resulls of the case sludy are summan?cd as’ shown '
below; : :

- For low flat area

iThe highest be11cﬁtlcosl ralio can be obtained by applymg 40%: of double
paddy cropping through the lmprovement of water man'igcment system and
_canal capacnty - -

- For high hilly area

'The Iughest beneﬁt/cosl rauo can be obtained by app!)mg 10% of crop
' dnermﬁcahon from paddy Ihroug,h improvement of. water managemenl S}atcm

]i 1.4 Summmy of]hsnc lmgailon lmprovemenl Pian

Accordmg to the objecuves of the agncu[lural development in: the Sevemh Five - Year
Plan, following basic¢ concepts were CO:lSldered for |rr|gat10n 1mprovemcnl plan based’
on lhe resulis of the case sludy, R

- Ba‘sic concepts'

O Improvement of ef}eclwe imgatlon water use -
@ Improvement of effective land use

As it is necessary to consider the proper implementation plan for the prevention of any
‘social: conflict calised by the rapid development, the improvement plan should be
studied for short term and long term. From:the result of mutual discussions between
:MOA and the study tea, following target years are settled based on Ihe physical 5car
"ot lhe Fwe Year Nahonal Devclopment Plans in lhe Bhutan

- ‘:2002'year for':sh'orl term |mp_roycment plan
- - 2007 year for long term improvcment plan

Consldermg ‘the COndmons of water resources, farmers economy ‘and food sell

sulhcnency in Bhutan, following strategies were suggested based on the results of the
Case Study.

H-3



APPENDIX H

Tre Study on Groundw aler Development in Wanyduephodtang Distict of Bhutan

- Proposed Strategy

® For low flat area
O Shorl term
Supplying suflicient irrigation water
- Applying double paddy cropping for 40% of present paddy ficld
O Long terin
- Supplying suflicient irrigation water
- Applying double paddy cropping for 100% of present paddy field

@ For high hilly arca
© Short term
Establishmeni of new water management system
Applying crop diversitication for 10% of present paddy Ilcld
-8 Long term :
Improvement of watcr managenient system
Reseamh on optimum crop_for thc dm,_rs:hcaiion

Based on thcscs basn: concepls and slratcgle the- nngauon 1mpr0vemenl pmjeus ior

10 schemes w ere planmd by appl)mg the f‘ollowmg counter measures.

- Ior Lobeysa and Bajo Sub- Smdy Area
0 . Short term
a’ Rehablhlalion of prxscnt nrngauon canals (3 schemes, IotaII) 30 I\m)
-~ with cnf‘orcenwnt of the protecliion works at lhe hazard area tor
- supplying suﬂlcwnt lrng,atlon water

b. Establishment of new water management syalem for eﬂechve use of lhe '

irrigation water

c. Applying the double paddy c,roppmg3 lor 40% of prcscm p"iddy hcld for

7 - effective use of the agncultural land -
N 2] Long term | '

a. - Applying doublc paddy crOppmg, for ]00% of present paddy ficld For

increase of the paddy production. (as the maximum ‘water requirement
is more or less 5% less than that for the short term plan, the same
_ faci!ilies as for short term can be applied)

- For Rubeysa and Phang,yul Sub -Study Area '
S 1 ) Short term - - :
Establishment ot new water managemenl systent’ wnh fiew ¢ onslmctlon
ofomal\c facilities for effective use ofirrlgauon water

b.  Applying 10% of dwcrsmcauon for present paddy field consrdenng3 lhe '

eflective land use -
- @ Longterm '
a. Research of the ophmum crop for the dwcrsnfrcalmn ‘considering the
- improvement of agricultural activities

The proposed irrigation improvement projects aré summarized as shown below;

Y
e
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Summary of trrigation Imp:ovemenl Project

H.1.5 Summary ofAller:iaii\fc Study

s Category of fand Low Flat Area
Sub-Area Loboysa Hajo
Name of Canal Upper Lobeysa T ower Lobeysa o Total
Code 1 2 (&)
Canal f.ength (km) 7.1 %1 150 30.2
Command Area (ha) 61 Ion 143 S04
Number of Bencfited 1 louscehialds 147 123 52 292 _
Wumiber of Ofitake Fazilitics 32 52 35 119
Proposed Counter Measures Rehabilitation of irigation ( anal with Fnforcenment of Protovtion Werks
Erlablishment of New Wat 2¢ Mana genient Systens
: Applying Double Paddy Cropping (40 for shor lermy, 100% I'or tong tetan} -
Totat Condruction Cost (F000NU.) 1,152 L A0N 5,016 . 1')3
Required O M Cost (10008 jvear) 21 32 43 102
Estinated Net B'C Ratio 225 2.2t 280 -
Category of fand I1lizh Hily Area ]
Sub-Area Pangyul Rubeysa
Name of Canal - Phangyol Gembha Nalakha Rutchha
| Code Clo CEs. (18 i
Canish Length (hny) 160 - 35 C 9 22
Command Area (ha) o N b 29 - 0
wa, of Benefited Houscholds 42 - 23 60 - IR
Number of Ofltake Facilitics A2 : ) 12 0 28
Proposed Counter Measures Now Constiuction of OfRake Facilities )
Establishment of New Water Mana goment System
. : Applyiag Diversification fog 10% of Paddy' Field
Total Condtruction Cost (1000Nu.) - 286 - 47 . 19 207
Required O M Cost (1000Nu./year) 58 .12 ' 15 A
Estimated Net BC Ratio, -1.95 "33 { §.57 188
R Sub-Area - Rubiysa N 1
Name of Canal Maph chha + Naykoyuwa - Rumina Tatal
Code L0200 o2 C22 ) C]
Canab eingth (k) R I BN & S Ll 106
Command Area (ha) L 27 oM . IR 251
© No.of Benefted Houscholds 44 B R L 35 166 .
¢ Number of Offtakie Facilitics (28 . S 16 133
Proposed Counter Measurcs New Construction o Ofitake Facilitics ] : :
) | Fstablishment of New Water Mand gcl-l_h‘n'l System
. © | applying Biversification for 16% of Faddy Vield o
Total Construction Cost (10008 ) ° 448 : 119 95 1021
Required O M Cost {1000Nu /year) 9 : T 5 115
Fetimated Net B.C Ratio 1.5% . 174 151 -
o Research Project for the l).um!nalmn .
" Reyuired Preject (‘nsl(lO‘OO\'u fyear) 487

“The altcrnatwes as shown in Fi ig. 1.5, ] were consldered for the nnganon improvément

in the Sub-study area. In the Case Study, most of the altematwes were analyzed exce pt :

for the following case.

- Supplymg suflicient water usmg the river pump or sha!low well system instead of

canal nnprovemem
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This counter measure can be applied only for low flat arca and the unprovcmenl of
water management system and applying 40% double paddy cropping should be

" required for achieving same project benefit as thai of i irrigation canal improvement.

Applying the same condition for the design, the comparison of system cost including '
O/M cost between the shallow well and river pump systems was studied. The results
are summarized as shown below and the river pump system was proposed for the

alternative study.

Summm v of Comparison of the Water Supply System

(unit:}O00Nu )

Type of Systeims Shallow \‘.’c’H : Rivet Pump " Remarks
Civil Warks 335 220
Punip Facilitics ] 807 807|for 20 years
.M Cost 502 502 fof 20 vears
Total 1.665 1,530

For the low flat area, the total project cost for 1 year including O/M cost of river pump )
system was compared with that of irrigation caial improvement. The result is
summarized as shown below and the canal improvemeitt was proposed for 1rr|qat|0n ;

lmprovement plan

Summary of Companson of Net Project Cost
{unit ; 1000Nu a\\ar)

Name of Canal | Code |© With River Pump Systena - With Canal Impro\.m..nl
Upper Lobaysa | Cl ' 330 35 :
Lower Lobeysa | C2 213 132

Bajo C9 216 69

.16 Summai’_\{ of Projé_ci implementalion Plan

: Based on the estlmatcd Bf’(‘ ratio of the projccls lhe pnonly was’ considered for the
' unplemenlatlon of the irrigation lmprovcnwnt plan ’lhc mventory and pr:only oi thc

- pro;ec!s are tabulated as shown below

" Inv cnlor) ofthc lrrigdlmn improwmenl !’ro]cct

Catepory o . | Command [ Construction QM Cost | Estimated
of Sub-Area | Name of Canal | Code Area Cost for | year | B CRatio | Friority
Land ' (ha) CH000 Nuw) | (1000 Nu)

LowFlal  Lebaysa  [UpperLolaysa O C 61 1,152 Coia 8l @
Asca - Lower Lobuysa |2 . 300 2027 2| anl @ |
Bojo | {ajo Heo (143 Tso1e| . 4 e @

High 1ty [Phangyl [Phoagyul e ;9 c2%6| . - 58 vos| @ .
Ao ] s s B IRt 153 @

7 |Rebeysa [Natakbs e 2 Y i5 154 ®

K Rutckha 19 0 207 10 158) @

Maphckha 2 L ST L) I Sl @

Naykoyuna ca T Sy 11 @

Kumina e " 28 95 s 19 @

Based on the priority of the project, the implementation schedule of the irrigation
improvement plan was proposed as shown below considering the target year and total

construclion

cost.
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Proposed Implementation Schedule

Category | Sub-Area | Namg of Canad | Code ] Priority Vew
of Land 197] 1958] 1999 2000 zoo] 2] 2003] aoed 20 26 2w
lowHat  [fobeysa  |UpperTobeysa  |Cl @ ) . o
Area Fover Lobeysa  |C2 @
fajo Bajo o | ® i
[etisnatiny |rhangul [Phangyul 1 @ . B o
%% : _ Area Gembha C15s @D . 1 B
d Rubeysa | Nalakha cig ® . s ) .
Rutelha . 41 @ i | o
Maphctha {20 | ® 1 3 )
Navkoyuwa €21 ® !
Rumina €22 @ N :
Research the Optinum Divensifisdtion Crop - - "

Based on the 1mplemeniauon schedule, the annual disbursement schedulc ofthe prOJect
and O/M cost were estimated and sununarized as shown below,

Proposed Dlsbursemem Schedute for the lmgahon lmprovement iject
{urut M Ny

Category | Sub-Ares | - Nanie of Canal | Code o . Year . .
Teffand | ‘ 1997 1938] 199 *omE S IS S
LowFlat [Lobeysa © [UpperTobayxa  JCT - & ‘ : -’w L L ; o T
Area Lo Power Lobeysa {‘2' A ‘-_5_{_11 ' ;;U;, 71 514 N i -
Bio . [Bapo ~ - €9 -] 2237 1756 1o o 1 ;
High Itdly  {Phangul | [Phangsul FEr DT T R AR N D IR PR : o
vei | 7 |Gemtama as | U
' Ry [Nakba - Jes | P Tl e
! Rutehha oge anloies ) .
Astaghetha e § T T sl R
INakoyuwa - Jon Tl Rlisé N B N i
: | : Rli!!l;nﬂ : (.‘21 ! bﬁ . ” O T k - i N -:_ . .
* [Reseirch on the Cptimiim Diversification Crop - © s 387 a37) a5 asy| casrp . 437 TR T I
;Ammali‘nla_li Lo [ 2,525 2,5:6 z,«»ﬂ L I T Y L P L S

Pf Oposed OJM Cost for 'me Imgatton Improvement Prolect
: ' +_onit: 1000 Nu )

Category S'ub-{\‘rea Nameof(’ami‘ Cade - o Yewr . R .
“of Land . ' - ' toar] 18] 199 2enl | 2003 2003] dn] dnsp- 2wl 209
LowFlat - [Lobeysa  [Upper Lobaysa’  |C1 B = R 1 N ____;__ll o ZIE__ |
Area _— In\\'erimhc_\'s}l‘ 2 S 7 7 . R -_--il S T L’! Slj i
T R N R A A B R R
igh Tty [Whangyal (Phangyal - & Jeto | 4 | sl sl o] e s s ostose ow
e Gowvs e P T e
% L 7 [Rubeysa [atatna cw {1 s s
. ENE IR AP N o T I I T AL R
saphedn oo | b 1L e sl e
Naykojuwa <21 7 o . 7 ‘#7 S 7
Rurina e |71 LT s s spoios
Annual Tetal €201 12 1ex)  Mel 26 6

Considering the characteristics and annual cost of the project the prﬂ_]CLl can be
implemented by present organizations and it is not necessary (0 establish any kind
of new organization.
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The function of present organizations should be proposed as shown below.

Present Organization and Proposed Function for the Project

Ministry of Brongkhang Proposed
Agricullure _ Function
Research,
_{Extension
and Irrigation
{ivision
| [Rescanh > Research for
Seetion : Diversitication
| [Ftension Exteasion of Praposal
Sedliow i Cropping {'atiom
[srégarion . > Dotailad Dresign
Section ' : “) ol Pecilitics

| |Lerigation P Construction of
ASactor _ | Fheitics &O N

| faericulrare

Sector

l_l-l\*lm}im - Water Management & .
i [Centa S Extension i

1. I 7 Qummm of l)namage Impm\ emenl

At prcaenl thcrc arc no systcmauc dramage canals undcr wngatlon schmmq in lhe

Study Area. The damage for crop caused by poor drainage was not found in the Study
Aréa except at some wet land in Phangyul.- As for direct ninott dramag,e from heaw

tain, the land sliding is often found in the hazard arca and the gully erosion is at-:oﬁ

found at some of agricultural lands durmg the ramy Season.

The land slldmg does not occur in every year. Prom the resnll of held investigations
and information’ ‘of Dzongkhang oflice, it takes 10 ~ 20 days for the renovation of
canal after occmrence of the fand sliding. Though it depends upon the scalé of disaster
and season, the crop yleld is hot expected to be affected so much in an average'year,

‘The proiection works’ for enforcement of 1rng,auon canal at.the hazard area was:
‘proposed in the irrigation lmprovunent plan. However, suggcsted structures are one of
‘the prevention schemes for the land sliding and further studies should be required tor
the proper counter measures i perfect prevention of land sliding are considered. For

“the planning of irrigation improvenient, based on the vulnerability index, the selection
of the proper canal route will be one of the counter measures for the land sliding.

T
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The gully erosion was observed at the agricultural fand wheré the main drainage
tributaries are connected. It can be expected that some portion of agricultural lands has
been eroded cvery year, however, there is no information/data about the amount of
loosing land caused by gully erosion. The gully erosion is only occurring at the
connecting part of the agricultural land with main tributaries and it was considered that
this problem is caused by the direct runoft of rainfall from the agricultural land. The
drainage system which is consist of the collecting ditch and outlet works were designed
for the prevention of the gully erosion and the construction cost was estimated as
shown below; : '

Summary of Construction Cost for Drainage Sy's!eni

Sub-Area Total l);ain;lgc Area (ha} Constisetion Cost {1000Nw)

Lobeysa : 00| . 528
Bajo 118 C 182
Fhangyu! . 67 - - 186
Rubeysa . 138 : IR

Total © 613 P17

fhe dramage system for the prwenhon of gully erosion is supposed to be conslluclcd
using only approximately 1.2 million Nu; however, it is necessary to consider decrease

~of the agrlcuhuml production caused by the land clearance for the construction.

* Therefore, further analysis is required for the conmdelatmn of economlcal lEEiSlblhly- :

before lmplementatmn of the LOIlSlﬂICthIl

“There is some poor dramag,e area il the high hilly area caused by the spring water.

Some tercaced tand which is located at the down part by the spnn‘g has been not used.

‘At present, the amounl of these area is quite a few and this should not be a big problem .
for the agnulllural activities. The installation of smali Latch dram can be comldcred for o
‘{he poor dramage area, bul benef‘ted area is quntc a few. :

ll.l.8 : Sunimaw of R{‘cmnmeiulatidns

‘ - :
'Ihe tollowmg conslderahons was recommended for the ﬁnther deiailed study and -

implementation of the irrigation 1mprovemenl plan.

- To tmprove aud remforce ofbasw mtormahon and data such as;

Meteo-hydrological data | :
Geological and h}drog,eologlcal data -
. Farming conditions such as soil, unit yield and production cost
. Economical conditions such as farm gate price and marl\etmg ﬁystem
‘Social conditions such as populatton
=Olher basic ml‘ormauon ‘ :
- ‘To design' it'rigatioh facililiés based on the site conditions
- To acquire the understanding and cooperation of farmers

- To improve the supporiing system

H-9
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H.2  GENERAL
11.2.1 Present Land Use
(1) L.and Use in Bhutan
Based on the land use data from the Land Use Planning Project, the Bhutan can be

divided 4 zones as shown in Fig. H.2.1 and the present land vse in the Bhutan was _ .
estimated as shown below; | - f %}

Land Vsc ba Bhutan (km2)

. Zune Negerm Zone | West Contral Zone Eax Cesral Zone : Fastein Zone Toia)
Forest GL1E (73 3%) 6928 (6§D 5%) 7245 (§040°%) 8,861 (17 5%} 29045 (725
" [Others R FRIE - (12 4% A (M%) 333 §9.1%) 235 17.3%4) 6§31 1550
[ Agrivuliure 558 (5.7) 460 (0% €51 {7.4%) 1410 © (IZ4°) INST (T 7%
Paslruee 569 {6 8%) 11 43.6%) . il (3 3% 175 (248 I‘S-’_i [RRal]
Horisutivze 1 (04t | 16 (1 1%) 9 (0%} 1 (06%) . T
Tzl 2rea S (109 v} ELA49  (10D.0%) B985 (19D.0%0) . l!.;grzuuuno 0% ABOTF  gi0g (%e)

The area of forest is accounted as approximately 2,904 thousand ha which is -
equivalent to about 73 % of total area in the Bhutan. The agricultural sector land
- including horticulture and pasture is accounted as apprmnmately 406 lhousand lra
’ (apprmc 12 %).

On the other hand bascd on thc same d'ila the agncu]turai tand use in maan was
cs!imalcd as shown below, ;

j\gdaﬂlum! Laesk V'sé in Bhutan (!iml) :

Zone L Westein Zore s West Central Zone East Central Zone Eastern Zone LTl

THsngited Wetlind L 1E9 (21 3%) SR A6 RO | H {33%) C L3NS iR M)
Drdaid Cutivalivn - e RO N I D Coan o wea | AT {33.3%) Y RTINS
Shilting Cultivation L83 {96%) 68 {14y B e | s (A% CEN3 (336%)
Mixed Cutivaiion COESE (3 P L E D) 333 {35.9%) } 21 (196%) INHED)

Total area I 1 R AL 50 (10507 '66! {10 1341 '{I"l}.l')'?a) 3088 I,I")Jf)%) :

T . ‘ . PRI : R

Almost all of thc m;gatnd wetlandq are used for paddy and consldermg the selt

3suﬂ10tency of the rice production, the paddy’ cropping in ‘the 'western and west

central zones should be important in the Bhutan. Looking for the land use in the
lZast central and Eastern zones, the portion of shilting cultivation is quite high.

(2) L:md Use in the Stud) Arca

The land use in the Sludy Area was mcasurcd usm‘g land -use worl\mg, map i:om
Ihe Land Use Seclton as shown below ‘

H-10
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P
i

Land Usa in tha Study Area (ha) -

Cutegony T Srudy Agea Sub- Ayve
L Loty s © . Bav . Flunguyl Roriboysa :
I Foisd 1066  (p2ow 1 FES 1 (6 3% 69 ind | [ (50 6%
7 Agriculnge E s
Wetund Cltivgted ' 1099 - 16.5%) s (31 8% 14} (BN 7% (23] 113 3% HE 125 1%
Doy lund Cultivetad ¢ (a0 0 0% )] £ 0% 8 (0 Tt it (R Gfe
Othor Agricuinaz 17 17 2% 137 (32 5 (2 0% is 14 2% 13 [ERSAY
Sub-Folal 1,579 . 142°%) g (&5 1% T oLee (B18% m 124 2% LA 33 0%0
3 Orchurd & Uorticolnire [T YL ] 4t 6% [} RS : 0 i bt i (06"
4 Pastusz S IR 3 S XA s B 6% 6 e LGN E ALY 80 0 e
5 Settierent e B 11 g R . . - - - .
6 Olhas hag o e 15 7 (e i1 13 874 - e v 12 2% -
Tols) Area 0.500 nod 6% AR (0o Qty 1B (o0 LIN deD o &0 (190 %]

Thie land use of the Study Area and sub-arcas are illustrated in the Fig. 11.2.2, and
the following conditions were found out during the Field Work. :

- - Lobeysa and Bajo Sub-areas

Most of the areas of the Lobeysa and the Bajo Sub-areas are utilized as
agricultural land covering 85.1% and 87.8% of the sub areas respectively. Most
of the cultivated areas within agricultural land are wtilized as irrigated wetland
and are located at the bottom of lhe valley. The E‘o:est arca covers only a small
area of lhese sub areas.. :

- Phangyul and Rubcysa Sub- arcas

Some parls of lhe Phamc,yul “and” thc Rubeysa sub-areas are uuh?ed as
“agricultural land, which oceupy 24.2% and 38.08% of theé sub: areas.
rcspcctwely Agncultural land it these sub-areas is located in the mountainous
area, which has a relativély g,enlle slope ‘The forest area covers 68.1% aiid
50.6% of the sub areas respectively. Coniferous forest is found in the lower
parts of these sub-arcas, whllc broadleaf forest is found in the uppu parts of

the sub-areas. :

| I122 Pﬁ*sen( Agricl,lltim'all Activities in 'the: Study Area
- ('l)"Pre'senl Cropping Pattern

| Crop scason in the Study Area is broadly. divided into two (2) seasons, nionsoon
(rainy) and winter (dry) seasons. The present cropping paucm in the Sub areas is
lllustraled in hg H 23. ‘ : : -

“The main crop grown in the monsoon season is padd) followed by winter crop
(mam!y wheat and muslard) In the up]and area which is under rainfed condition,
*‘the main crop in the monsoon season is vcgciables but only a fevw such areas exist.
Recently, some irrigation canals have been unproved unde the Punakha - -
Wangdue Valley Development - Project financed by IFAD and ‘in some arcas .
irrigation becomes possible throughout the year.' In these dreas, it is possible to
start land preparauon for paddy ¢ven in February during the winter season, and
double cropping of paddy is carried out even though such areas are consuicrcd
small.
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Present major cropping patterns in the Study Area are stated below.

_ Paddy -
Paddy -
- Fallow

Paddy

Wheal
Mustard

Paddy - Vegetables
Vegetables - Wheat

- Paddy occupies around 95% of irrigated area during the inonsoon season.” The
¥y | g i

- planted area of crops in the Sub-areas are summarized as follows:

. [T )]
T ooy Tijo Thgw! Ruboysa Tugad
Koy Wotar Sy Witor Sy I Wil Sy Wik
Padly 285 - 12 - &4 131 02
\Whodt 124 ) 2 - x ) 5K Pl
Mirdad - i % | b [ 7l
(thas 15 15 & [ 3 3 7 7 62
Tutal P30 163 11§ iz 67 ) 13% k1 o

7y 190 W7 ) | RS

(2) Present Farming Practice

Most farmers are p!amirig focal varietics of paddy. Maap is a'local red rice variety’

. and Kaap is local white rice variely. Most people prefer the tasie of local red rice o
(Maap). Usually the farmers prepare ihe seeds by (hemselves. In case of the
improved varieties of paddy, RGOB is promoting improved varieties (1R64 No.1l,.
1R20913 etc.) and distributing sceds lo f'axmers lhrough thc Agnculture [.\;tcnsronf

‘Center under Dzongkhang,

o

l) Paddv Cloppmg

- The land preparallon for paddy smgle cropplng is slalted in the bcynnmg of lhc
- monsecon season - which is gencmlly in the middle  of May and the’ Iand
preparation is carried out from the upper parl of arca: wherc water is supphed
from existing canals. Depending. on the amount of canal water discharge, il
takes one or one and half months for the land preparation of all paddy arca.
The transplanting is started after land preparation from the upper part to lower
“part, resulting in ‘a dilference of about onc to one and half months in the
~ cropping per:od between upper and lower parts. Usually, surplus -water of
upper terrace is cf}ccuvcly reused in lhc ne\ct lower lerracc -
oy Winfci‘ Crdp
‘As a result of interview suwey it was found out lhal the winter crop such'as
~wheat {variety: Bajoka, Sonalika, Local) mustard and vegetables are planted
‘alter rice harvesting which is generally in the middle of October. The winter
crop is also irrigated depending on the weather conditions, and the amount of
canal discharge is quite low in that season but is generally enough for seeding.
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3) Vegetables in Monscon Scason

The vegetables of the monsoon season are cropped only in the areas with high
altitude where irrigation water cannot be obtained from any canal or small
stream. These depend on the seasonal rainfall and the seeding is carried out

“with the first rainfall in April or May. Produclion also depends on the rainfall
condition.

4} Double Cropping of Paddy

“Double cropping of paddy is followed in the areas with the improved irrigation
“ canals constructed by the IFAD Project; especially, suflicient irrigation waler is

available throughout the year. Depending on the clithate conditions, land
-preparation is carried out in the middle of February. The first rice cropping is
“harvested in July and the second rice cropping is started soon after.

:Accordmg to the data obtained during the survey, the area under paddy double
‘cropping has increased -from 1987 in the Punakha - Wangduo Valley, but
double cropped area has declined from 1992

T he reason for this is erorted that doub]e croppmg is possrblc ouly where
there is sufficient man power. Accordmgly double cropping has been well
adopted for farmers with small land holdings. lfence farmers with bigger land
holdings can produce -sullicient rice for thelr own consumplion: by smgl
croppmg of rice.

'5) 'Agricullural Eq’uipmenl' '

Various - agnun[lural tools |mmmlems “and nnplcmuus arc also used to
tmprove the farmmg, works ' : : -

; l)ue to road accessnblhly anci more fav orable topography, power hllers arg used o

- for land preparation in the Lobeysa and Bajo Sub-areas. In contrast, cattle

~ plowing is comnion'in the Phangyu! and Rubeysa Sub-areas. Power tilters with

~trailer are used for transpoitation of agricultural inputs (g,rcen manure,
chemical ferullzer etc.) and ompuls

6)'? Livesmck

. (‘allle perform lhe most lmponant role for farmus as drafl ammals and for milk

: producllon in'the Study Area, Most farm households have several horses, pigs
and poultry. There are a certain ninnber of caltle which do not produc» vrablc :
amounts of milk and instead are used for the productlon of manure.

Caltle are classified into three 3) categories; local cattle, cross brcd cattle and
‘methane cattle. The most prevailing is considered to be local cattle. RGOB is
~ pronmoting breed improvement, fodder and pasture development, etc, to

increase output of livestock products. Rice slraw is used for livestock feed in

the feed-scarce winter season and wheat straw is used for livestock bedding.

H-13



"APPENDIX H

The Study ge Groundwaler Development in Wanghephod a+q Drstrict of Bhutan

(3) Crop Yicld and Production

The Gewog-wise data on planted areas, yields and production of paddy, wheat and
mustard in the Study Area werc obtained from the Agriculture Sections of the
Wangduephodrang Dzongkhang and RNRRC. The yield and production of the four
(4} Gewogs, Thetso, Rubeysa and Phangyul Gewogs in Wangduephedrang
Dzongkhang, Babesa Gewog in Thimphu Dzongkhang and the whole of the
Wangduephodrang Dzongkhang are estimated below.

: ) Paddy . , I S Aeiaed
G Areafh) Tl (1) ]—‘ﬁchkl.‘m) " Araaltoy red@® | Viddl | Areadw) Ned | Yidaehe)
Ropisa 3 48 267 18] 2 1.31 5 § 1
Hongsul A0 1255 B % 13 3 ] 1.47] 10 . ¥ 08
Thaddo 400 1267 307 15 22 147 & i .83
Rihgysa 630 192 0 4 66 1.50f 14 12 .80

_Based on these data of crop yleld and producuon production of each sub-area was
estimated as follow

‘ B Faddy . ‘ : Wheat . o Mustard
C s Ares Arealha) Yieldt ha) Pf\iulkl} AreaCha) Tichdtha) | Producily Areafha) Ylditha) | Prduaht)
Lobaysa ! 83 267 ol o anf 131 159 L 2 1id; 33
 ETEE N E Y R S 147 % T n 2
“hargyul . e . 317 3 - B B L £ L83 ST
Rubeyss . 131 e R R R | B B/ R 3] I4 e 14
Towl 591 . 1.131 _:sol R 383 on . Ced

Paddy producnon was. csnmated as l?%l tons in the abow, 4 sub areas and
average yu,ld was esllma{ed as 2.90 lons i :

Total producuon of wheal is 36S tons and }'teld is 1.40 lonfha in the same 4 sub-
areas. In the Case of muslard produchon is 6‘5 lons and yleld is 0.91 tonfha

T he veoetables growi in the Study Area are chlh tomato onion, radish,’ cabbag,c )
cauli ﬂo“er beans, etc. These vegelab!ce are culhvatcd in small helds of thchcn '
gardens near farm Houses.. : '

H.23 Present Conditions of Ii-rigaliur. System
(l) h\ls!mg lmga(lon S\stem

g Mosl of the e\ISllllb irrigation canals were constmcted by the falmeas thcmscl\ es a
 long time ago, and, therefore, the year of ¢onstruction of such canals is not known
The ongmq! canals which were consinicted by farmers themselves _years: ago.
Those are of gravily-flow type intake made of stone masonry and of earth canals '
carrying water by brawiy As presented in Table 11.2.1, there are 22 irrigation
“canals in and around the Study Area, and the total length is measured as over 100
ko and total command area is approximately 1,250 ha. The location of these canals
‘is shown in Fig. ILL1. All of the irdgation canals have their source in the
tributaries or small streams flowing into the Chang Chhu and the Dang: Chhu, but
itot in such major rivers themsetves. Most of these canals are unlined.
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Since 1981, the Small Farms Development and [rrigation Rehabilitation Project

(SEDIRP:IFAD-Phase 1) have been undertaken by RGOB with assistance by IFAD

and 37 irrigation canals in the Punakha-Wangdue Valley have been renovated. The

total command area is reported to be about 3,400 ha. From July 1989, the

Punakha-Wangdue Valley Development Project (PWVDPIFAD-Phase 3) was

started as a follow up of the above SFDIRP. One of the objectives of the PWVDP

is to improve agricultural production through rehabilitation of the existing

irrigation canals. The PWYDP going on at present is scheduled to be completed in-
June 1996. Under PWVDP, stone masonty canals are constructed partially, mainly

for the upper portions ofcanals where land sliding often occurs. -

As described above, some of these canals constructed by local farmers years ago
have been rehabilitated, improved and reconstnicted under IFAD finance, and by
the Dzongkhangs of Wangduephodrang and Thimphu. The patticipation by IFAD
which is considered to provide the most extensive assistance in recent years is
indicated in Table H.2.1.

- EI..obeylsa Sub-area

The Sub -area is 1mgated by 1. obcysa Lawer and Uppcr :mgallon canals and
- the length of these canals are measured to be about eight (8) and seven (7) km,
respectively. lrng_,atcd area from these canals is about 330 ha. The water source
of these canals is the Tabe Rongchhu flowing into the Chang C hhu

Intakes of these canals are !hc natural flow type, wuhuut water control facilitics
such as gates, ete. Also, spillways exist on these canals to dram surplus water
to Tabe Rongdﬂlu ' :

T he canals rui along vaﬂey slnpe of the Tabe Rong,chhu w;th an approwuaic i
~ km lenglh from' the intake sites to the command area of Lobeysa Subzarea. Soil
- erosion occuis often due to rainfall and dram runoft from Thiniphu: Wangdue

road on the valley slope resulting in damage 1o the irrigation canals. The Upper
~ Lobeysa canal is currently under renovation under the IFAD pro;cut L

.- Bajo Sub-area

- Bajo canal which is also under. assistance by IFAD is one of the longest canals
in the Study Area, and its lengih and command area are 15.0.kin and 143 ha

(mcludmg RNRRC area) respectively. The irrigation canal was conslructed o .

provide irrigation water to cullivated areas of the Bajo Sub-area as well as 10
provide domeslic water {o Wangduephodrang town. The water source of this
~canal is the Pe Chhu, one of tlie tributaries of the Dang Chhu. Parallel lines of -
pipeline have been constructed along the existing road from the Pe Chhu intake ._
site 10 the drinking water station of the Wangduephodrang town to convey '
water more effectively. '

Bajo canal runs on the nountain stope for an approximale 9 kim distance from
the Pe Chhu intake site to the drinking water station near Wangduephodrang
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town. Along this segment of canal, spill over of irrigation water has occurred
due to poor water management.

The irrigation water of this Sub-area is provided mainly from the Bajo canal,
but during the dry scason when the conveyed water is not enough to irrigate
this area, surplus water of the Limti Chhu has been commonly utilized for
irrigating. this Sub-area. However, during the transplanting season, almost all
dlscharge of the Limti Chhu is diverted to paddy fields at the upper part of the
river.

- Phangyul Sub-area

The Phangyul Sub-area extends along the south-eastern side of the mountain
ridge running along the Pe Chhu and: the Dang :Chhu. toward
Wangduephodrang 1own. Most of the cultivated lands are developed on the
steep slopes of the area forming rice terraces. The most iportant irrigation
- canal of this Sub-area is the Phangyul canal which has its water source al

Lachu, a tributary of the Komatharig Chhu. The length of the Phangyul canal -

_running along the contour line over. 2,000 m southwestward is about 16 km.
Although a large amount of water'is (.wcntcd at its intake, the water is not

" conveyed properly to the canal end point located near Wangduephodrang -

‘lown, because of seepage from the canal and excessive discharge taken from
the canal al its upstream portion. The Gemkha canal is also located in this Sub-
Earea but its command area is measured as a small 15 ha only. Waler source of
‘this canai !s the Ushlp, a tributary of Komathang Chhu.

i ‘Rubeysa Sub area :

The Sub arca cxtends: aloug lhe Taka Rongchhu and the Icﬁ s:de of thc
Mochuna. There are five (5) itrigation canals running through the Sub-area.

The: water sources of  these,canals are the TaLe Rongchhn and Mochuna
__ﬂowmg from the ‘southeastern” mountain arca “The Sub-area suflers. from
serious irrigation water:shortage especially in the downstrean portion’ ‘of Taka

Rongchhu: One of the reasons of water shortage is seepage from the canal at
its upstream portion. Most of the canals are unfined, and permeabitity of sail is
- hlbh

(2) Watcx Man.lgcmcnt, Opeaauon and Maintenance 'md Wa(c: nghls

Generally water managemcnt actwn;es are done b) benehcrmy farmers. Far mcrs :
:appomt one o1 two water guards for mspecnon ‘of the main canal and intake. Water

‘manageient for secondary to on-farm canals is done by each farmer or jointly by
several farmers related to the operation of the respective canals. From the main
canal, small secondary canals (somelimes gullies or natural water courses) run
down the slope to the fietd level. Usually farmers have to divert the irrigation water
to the field which is located on the highest terrace, from where water flows to the
subsequent lower terraces.
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Water is distributed to farmer fields in rotation, and the irrigation mlerval differs
from canal to canal depending on location of ficld, water avaitabifity and farmer’s
water right. For example, each houschold in a village receives water on a fixed day
at a fixed time, regardless of the area, number and location of the tand he owns.

Mostly, canal cleaning is done once a year before transplantation period of paddy
by farmers, Each houschold dispatches a person for this canal maintenance work.
In the case of repair work for damaged canals, farmers jointly work to carry
malerials such as stone, sand, log ﬂumes et¢. Results of survey of water
management and OM situation of scveral canals in the Study Arca are dcsuubcd in
Table H.2.2. -

Recently, the MOA launched the Nauonal lerigation Policy (NIP) tor a sustamable
approach to irrigation development through the effective pacticipation of the water
users. Under this policy, - project - beneficiaries associate themselves in- an

- organization which is formally constituted as a Water Users Association (WUA). A

- WUA" can be oflicially established at any time but always begins before -
1mp!ememauon of the government- -assisted project. The NIP ‘was: approved
‘ofticially in August 1992 'According to’ procedure of NIP in PWVDP, several
AYUAs were formed before the commencement of rehahlhlatron works of irrigation

‘ canals There are more lhan 30 WUAs In lhc Punakha Wangdue Valleyana

(3) h'rlgalmn Watcr chuit"ements _

Some information on water reqmrement is ava:lable al RNRRC but the- cmppmn
~ conditions of cultivated latd in the Study Arca are quite different from that of
RNRRC. Tlicrefore, the waler requaremenls were cstimated ‘in the manticr
“employed in the H\O lrrzgauon & l)ramag,c Pd])Cl’ No. 24 (1977) as dcscnbul
: be!ow o o . .

: l) Petential Fvapohauspnm(:on, Lmul Pncpam!lon chuncmem, 4
,Pelcoiatmn LOSses and qum La;ycl chuuemcnt '

Bascd oni the ncords up lo 1992 thc polentlal evapohansplralmn (E'l o) lor
the Wangduie Valley has been estimated in the 1FAD Project report {(1993)
using the Penman method. The calculation was. reviewed carefully and the
result was found to be quiite reasonable, and it is considered that it such ETo is
recalculated in the same manner using the records v to 1993 the difterence of
the result would be not more than five (5) %. Therefore, this E ]0 was applicd
for ihe estimation of water rcqmrements in lhe Sludy Area "

The tand preparauon percolallon foss and water Iayer reqmremcnls were also
‘estimated in the IFAD ‘Project (1993).: From the result: of the ficld
investigations, it was found that these estimated values were more or less
reasonable. Therefore, these values were also applied for the éstimation.
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2)

3)

Cvop Coefficient (ke)
Bascd on the results of field invéstigélion, the crop coeflicients were calculated
in the manner presented in FAO Irrigation and Drainage Paper No.24

considering the data and information collected in RNRRC and the 1IFAD
Project. '

Rainfall and Effective Rainfall

Using the result of the rainfall analysls (AppcndixJ’i), the rainfall-pattern in the

Study Area was estimated as shown in Table 14.2.3. According fo'the FAO

irrigation and Drainage Paper No.24, the USDA criteria was applied for the

estimation of the effective rainfall. The estimated effective rainfall is tabulated

“in Table H.2.3.

4)

Effective Ru:lse of Irrigation Water

' Irrigation water at the upper part of fields is reused at the lower part to’ some

6

extent in the ‘case of paddy cultivation.: The following effective reuse -

coeflicients were assumed from the result of field investigations, -

 Rubeysa and Phangyul Area 20%
Bajo and Lobeysa Area -~ 15%

~ Trvigation Efficiency’

" In the calcutation, the values of field efiiciency and canal efliciency used in fhe |
IFAD Project report were adopted for the proposed cropping pattern.

Considering the water leakage from the canals and inadequate. water
managément, a smaller value of 0.24 to 0.36 is applied for canal efliciency for

 the calculation of present water demand.

Presenl - - Ficld Coiveyance: - Total;
Condilion CEfficieney | - Efficiency Efficicncy
Paddy 0.9 04 0.36

Upland Crop . 0.6 0.4 0.24

Unit Water Requirement and Diversib:( Walci' Requivement

. Based on the Above assumptions, the unit water requirement was estimated for

“cach ‘cropping pattem asshown in Table 112.4." Considering the présent |
cropping area, ‘the ‘ diversion ‘water requirements for each sub-arca were

estimated ‘as showan in Table H.2.5 and the result are sumimarized as below;
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Maximun Water requircment (May)
: _ . {unil: 1fs)
Returen Period Bajo Lobeysa | Rubeysa | Phangyul

112 936 370 190 383

/s 965 378 195 395

1/10 972 381 197 100

W0 977 383 i99] 303

/5 {Exceedance) 210 356 183 371

. : . /10 (Exceedance) | 887 317 179 ©362
% 1/20 (ixceedance) 863 338 75| 358

{4) Problems of Existing [rrigation Scheme
1) Estimation of Water Balance for 10 Irrigation Schemes
" For the consideration of irfigation improvement plan, 10 irrigation schemes in
the Sub-arca were selected and inventory work was carried out and cmppmg

area of the command area for the 10 schemes are shown below f

Present Cropping Arvea of 10 Schemies (ha)

Canal Nate of . Cropping Patlern :
Code "} - - Canal - CP1 | CP2 | CP3 cpy PSS | Tolal -
C! ' | Upper Labeysa 200 6] 0 31 3 ol
C2 | Lower Lobeysa 0s]. 30| o} 1500 IS 300
w 1.Co “Bajo | 50 N N
@ R L Clo | Phangyal C o f - 31 10 0 1o 4 9l
¥ ‘ - |L¢ci5 | - Gemkha - s 2 o8 1 15| -
- Cl8 Nalakha - 10, 3 0] 13 . 29
. C19 Rutekha - { - 14]: = 4 0 w2 0
C20 | Maphckha: ] 9] 3 0 14 .23
C21 Naykoyuwa' [ - - 8] ‘2 ol 12 1 24
. C12 -~ Rusdina 0 - k! 0] - l-l | 28

The resull of uwentory work is summan?ed as shown in Table 1.2, 6 As 2
_ schemes in Lobeysa and 4 schemes in- Rubcysa are usmg the waler from same
tiver, gmups can be formed for these 10 schemes.

Based on the result of Ilydrological sludy, the river discharge at each intake site
- were roughly estimated as shown in Table H.2.7. The water requirement for
~ ¢ach canal was esnmated based on the water rcqulremeni for the Sub-Area and -
: " the result of inventory work. Using these results, the water bﬂancc at each '
g : © 7 intake site was ca!culaled as shown in Table H.2. S ' :

: Prom this Tablc it is e\pectcd that the watef shorlage occurs at 3 3,r0ups (6 _
irrigation scheme) in May which is transporting season for paddy and one of
the most important period of rice plantmg, This means that the paddy can not
be planted for ail paddy field in most yeair and, dccording to hearing
investigation, almost half of their paddy field can not be planted in usual year,

“Furthermore, in group C (Phangyul canal), water shortage occurs from January
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)

to March and, considering the cropping period, the production of winter crop
at this area might be reduced in this case.

On the other hand, the water sufliciency in May is shown in Table 11.2.9 with a
consideration of water requirement and the canal capacity. In this Table, the

canal capacily was eslimated considering design dimensions and aclual

condition of the canal. It was expected that the capacity of each canal is not
sufficient as about 7 % ~ 16 % of the maximum water requirentent in May.

Considering the result of field investigation, 40 % ~ 60 % of influence from

water shostage is applied for estimation of cropping rate. As a result, 86 % of
average cropping rate for total conumand area was roughly estimated and there
is a basic constrain in 6 of 10 schemes forirrigation water source. This
cropping rate may vary depending on the available rainfall in each year and not

always shows the actual condition, However, this can be used as sonie kmd of

indicator for the consideration of irrigation condition.

Evaluation of Present Water Management S)'stem

The prcltmmary evalnanon of present operation system was analyzed usmgp ‘

l‘ollowmg, manier:

Coa -Selmion of MajorOlTl:ike

~ The major off take was selected consldermg the topographic conditions,

their command arca and present management system. For example, there
~are 27 ofliake in the Phangyul canal (C10) and 12 offtake points were
~ selected as shown in Table 13.2.10 for smooth calculation. The command
~area of the oﬂ‘lake not seleued was mcluded i lhe command arm 01 lhe
- ofake a! the uppcr part. : :

b P stunalmn of \\’1(01 chuuemcnt "ul the Sclccted Off(ake |

Based on the water rcqunement calculaled for the Sub- Area lhc water
requirement at the “selected ofMake point was estimated- considering 'the

estimated cropping pattcrn of their command area. The samplc is shown in

Tablt,HZ 16.

e | hslumuon of Canal Discharge for 1 Day Use -n Omake

'

ﬁ(‘ons:dcrmg the prcsent opczatlon system and watcr nght as shown in 1 able -

" 11.2.2, the available canal d1scharge for | day use was cslimated at selected
:oﬂ‘!ake point. For e\(ample, in the Phangyul canal as shown in Table

H.2.10, the certain amount of irrigation water can be taken at 3 offiakes in-

~the upper part, and therefore, the amount of available water at those 3
ofitake was assumed as same amount as the water requirement. For the

other offtakes, the amount of available water was assumed reducing the |

water for 3 ofllakes from the available water at intake site. 'In present
“conditions, there are 21 offlakes with 24 hours use for 21 days rotation and
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d.

this means 1/21 amount of canal discharge may be available for 1 day use at

‘each offtake. Based on the: calculation, this value is equivalent as l/9

amount of canal discharge as shown in ‘I'able 11.2.10.
Calculation of Water Balance at Offtake

Based on the water requirement and available canal discharge for 1 day use,
the water balance was calculated a1 cach offlake point. In case this value
becomes a pomtlve value, it means that some over irrigation may occur at
that offtake point. Depending on the amount of available water at mtake
site, the water balancc may vary as shown in Table 11.2.10: ‘

Estimation of Cruppiug Rate i» Each Command .»\rca

Applying 40 % ~ 60 % of influence from water shartage, the cropping rate
in the command area of each offtake was estimated. The planting area was

_ also estimated, and,” based on the total command arca and estimated

“without operation loss’ can be estimated.

planting area, the total uoppmg rate with operation lor-s was esnmatcd
Cstinrya;ionlﬁof Walter I\'Ianage_ment Loss;

The sumciency of irrigation water can be calculated based on- the tolal

~water requirement and the amount of available irrigation .water at intake

site. Based on the sufliciency of irrigation water, the total cropping rate
The - difference between the
cropping rate without and with the operation loss may indicate: the degree

- of operation loss. For example, as shown in Table H.2.10, around 20 % of
operation loss was e\pecled when the water sufliciency is 100 %, In case of

- applying around 30 % of waler suﬂlmenoy, about L5 % 0[' opcrahon loss

was expccted llns lcndeucy is shown belou

H

- 120% - o -
©310% | [————Without Management | -
- . Loss . ] é
2 100% l """ - With Management E el 8
- 1 53 B-]
£ 3 | I.oss S
B oo0% Ll ... e B £
o : w3
g 8G% B | . e —~ . e ‘
2 0% :
g 60?3?
w o
S0% 1 ¢
0% b —— —t —~ pori——1
0% 20% 40% 0% . 80% - ' 100%, - 120%
) s ‘ SUIFcIency of Water ' '

Using the same manner as menl:oned above, the irrigation foss al 10 schemes '
was estimated as shown below :
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Estimated Operation Loss

5%
p
[~ =t
0% — - C2
=l w5 I
i M- -€10 ,
25% T— W — C15
ot C 1 § |
— - C19-C22}
20% T
15%
10% :
5%
|
!
0% K2 Sl ' ‘ . : ;
a% : 0% : W% - 60% B0% 100% $20%

Sufficlancy cf irrlgation W aler

Around ]0 % ~ 25 % (14 % for tolai area) of water management loss was

expected even if 100 %. of irrigation water was applied. In the present
condition, as there is a constrain of irrigation water coursed Irom water source

“or canal capacity as shown in Table H.2.9, around 1 % ~ 23 % (7 % for total

arca) of water mamgement loss was e\(pccted The results are smnmanzed n

"-labieuzn

H3

H.3.1

Considering the eﬂectwe use of the aqncultural land and lmnted water resouues the '

Case Slllldv '

Ob]eclwe of Case S(udy

: followmg counter measures were proposed for irrigation 1mprovcment plan.

Based on the topographic conditions, the Study Area can be roughly categonzed into 2
zoneés, one is high hilly area and the olher is low flat area. The conslraints for irrigation -
'nnprovemeut are quite different among cach Sub Study ‘Aréa and the aptimuin counter K

B

' lmprovement of water management svstem (Case A)
- Improvement of irrigation capacity {Case B)

lmprovcmcnl of walter sources (Case C)

Crop diversification (Case D) -
[“(paHSlO!l of double paddy cropping (Case B
Combmauon of counter measures above nlentloned

'mea&:res should also be different dcpendmg on lhe constraints'of the Sub- Slud) Area.

For ﬁndmg oul of the opnmum counter measure 2 irrigation schemes were seleuted
from the 10 irrigation schemes as shown in Fig H.1.1 and the cast and benefit of each
counter measure was estimated as case study. The flow of the case study is shown in
Fig 11.3.1 and ihe study case was summarized as shown in Table H.3.1.
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11.3.2 Conditions of Case Study
(1) Water Requirement
Based on the calculation manner mentioned in H.2.2, the water requirement was

“calculated for each 10 schemes. In case of the consideration for improvement of
irrigation canal capacities, following ungallon cﬂ:cmm,j, was applied based on the

B AFAD pro;ecl
=k
Present Field Conveyance Total -
~ Condition Efficiency _Eflicicney - Efficiency | |
. Paddy 0.9 072 S eds
Upland Crop 06 072 © 0432
In the case study, the water requirement was recalculated when the imptovement
- of canal capacities or changing of the uroppmg area were considered. (See Data
Book
{2) lnﬂucnce of the Insufficiency of the _lrrigation Water
- From the results of the field mvesngahon i‘ollowmg, mﬂuence COE‘ﬂIClCIll of the
1rr|gal10n walter 1nsuﬂu:|ency was estlmated : :
- For p!anting area :50% o_finsufliciency tor low flat area
g% A C o -40% of insufficiency for high hilly area
- For cropping yield - 13% ofinsuﬁicicncy . ‘
Conmdermg these cocﬂlciems the reduct:on of ylbfd was csnmalcd for each Lasc
(3) Condlllons of Bcneﬁt
‘Based on the farm gato pme and producuon cost in 1992 the net plodLu.tlon va!ue
Lwas esumaled as shown below;’ : :
F,slium!ed Net Production Vatue (Nu.ha)
- Paddy Double Paddy Wheat ;\(u:-m:d' Végetable | Vegctable
. ) (Summer) First Second {Wintar). (Wintar) {Winter) (Sununer)
Uit Yicld (thay 0 I R ) T 1.50
) s Farmn Gate Price C ‘ : - : _ REEEE
cT i HNwtat 1952) 3960 3ec0] oage] ¢ 44ee] o 7499 - 7430 7,430
g‘ Fann Gale Price P ] ‘ : : : o S : :
(Nu.1ati993). - 5022 o son 5000 ¢ sseg| o ocasp| 0 ogass] 9
Gross Produstion o : o : : o
Value {Nu.ha) 16,093 Aze7s| c12g15) 1 (045 6181 (EREE | DR ERE T
Production Cost ' o _ —_— :
Nu.t) o 8,047 2,626 2626 3,219 L 10n] . 86340 2,634
Wit Frodudtion Valee : _ - ;
8,047 4,249 $245] . 6840 5,360 ssf - ssw
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In the estimation, 27% of inflation from 1992 was considered. The difference

between the total net production value with and without the improvement plan

should be the benefit of the improvement plan. -
(4) Conditions of Cost Estismation

The Conditions of cost estimation are sumimarized as shown below;

- ' Base year and month ‘July, 1995
- Exchange rate ; US1$=3085Nu. "~

The basic information for cost estimation ior the Case Study is shown in lable :
32 s

3.3 Presc'nt Condition (Case O)
Based on the present conditions and applying - the mﬂuence coefYicient - above
mentioned, the production ratio of present condition was estimated as shown betow,

and av erage producuon rate was esumated considering the probability. © %-

_Eslinmled Production Ratie with Present (‘.omlit_ion (C'.wc Q)

CCode L Name of Canal | Code : Name of Canal

. 2 Canal CY -  Baje ¢ | CamlCio Phangwul
Relumn Period Sumumer Crop Winter Crop - | Sunuuer Crop | Winter Crop
2 o ?7%- . 100% 38%| - 51%
s . . - 15% CA00%] . T 3% ) - 30%,
1/i0, o RRTT L T 100%] . COYT% S 49%

1720 . T 0% T3e%| s

1/3 (Exceedance) ol 100%) R R A X1
/10 (Excoedance) | 0 0 S1%] - 0 100%) ¢ L R
1/20 {Excoedanée). ‘ ‘ 82% oo 100%)f 0 Co39%] L 1339,
Average : -}77% R 100% N 38%' : o ISI%

Bascd oi lhc cropplmc, area, thc net pmducuon value of prcsem condnmn was
estimated as shown below;

Estimatcd Net Production \’_nlne Case O 1000 Nu.)

Code - | .Name of Canal * Code | Name of Canal
‘_ C'lml(“}' .- Bajo - | CamalCl0~ |- " Plangyul
‘L3200 _— T2

11.3.4\ W::\tcl"hlaimg{inienl ]mpl‘ﬁl’(‘lllt‘l‘il (Cash A)

() Melhod of Wam Mfmagcmcnt lmprm emenl
In the present condition, generally there is no oﬂlake facilities and the water
management is done one lime for 24 hours. The interval of water management is

decided based on the number of ofltake facilities. Hence, irrigation water is
distributed with no consideration of the scale of command area and over irngation
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is done at some offtake site. Considering these conditions, the following water
management improvement plan was suggested.

- The water management should be done one Iimc for 12 hours

- The distribution time should be decided based on the scale of command area

- For the smooth water management, it is necessary to construct the ofltake
facilities.

_‘ An example of the effects of water management plau is shown in Table 33 and
these effects were calculated and considered for 12 months.

(2) Estimated Production _Ralié and Net Production Value

The estimated produchon ratio and the net producuon value are summarized as
' Shown below, :

Estimated Production Ratie with Water Management Iniprovement (Casé A)
i .

Code | Namg of Canal Code Na mé of Cnn.al

R Camal C9 | - Bajo ~ Caml C10 * Phangwul :

Return Period - § Summer Crop- | Winter Crop S Sunimer Crop ‘Winter Crop ,

12 : - 81% —-100% $2% C 7%

NS ©L 8% ‘ 100%] - o % 09
1110 8% o ee%| L 4% 68%]
Vo : ) 4% 00%) - - 4% - 68%
1/5 (Exceedance): - _ - §9% ©100% ' 3% . 4%
1/10 (Exceedance) I AR - 100% C 4% - 7%
1/20 (Exccedance) B Y I £ 80%
Average | : C8T% CLO0% » _42% o %

Eshmalcd Nel Produchon Valuc ((‘.m' A 1000 Nu. )

© Code - 'N_amcol'_Cana_l < oCode 1] Name ofCaml
CanalC9 |- © Bajo | Cand ClO . Phangyul
o T1,454 0 Co Lot 508 Lo

_(3) Cost Estimation for Water Managenient Improvement

For a smooth water management, it is necessary to construct ofitake facilities. The
“design conditions of :offtake facnhues for Case A was determined based on the |
present mu;auon capacu!es as’ shown Table 11.2:9. The prcllmmary design of
ofltake fac;lllles is shown in Data Book (V) and the necessary cost including O/M .
cost for one year ol C ase A was also estimated. T he result is. summamed as shown
“below; : "

Estimated Net Cost for One Year (Case A 1000 Nu.)

Code Name of Canal Code Nanie of Canal
Canat C9 Bajo Canal C10 _Phangyul
03 52
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‘H.3.5 Improvement of Canal Capacities (Cas'e B)

(1) Recalculation of Water Requirement

For the improvement of canal capacities, the rehabilitation of canals and
enforcement of protection works were considered. As irrigation efliciency was
different from the, present condition, the water requirement of each canal was
recalculated for’ same cropping pattern as Case O and the maximum water
requirement is summarized below;

c Maximum Waler chui'rcmeni for Casc B (1/s)

Code Ct 2 Y CC C1s
"Namé of Canat U bobeysa 1. Lobeysa " Bajo Phangyul “Gewmbha
Command Area (ha) 61 300 C 143 N 15
12 106.4 523.1 252.6 142.0 245
15 108.6 5330 257.6 1456 283
1110 109.5 538.0 2595 147.3 A
110 110.1 5410 2609 148.6 59|
1/5 (Excecdande) <1 102.4 - 563.4 243.1 136.8 S 136
1110 (Exveedanse) S 999 490.9 "1369f 133.5 23.0
1720 (Exeeedanse) 97.3 4719 7306 130.6 225
Code - CIg iy - el Sen
Name of Canal “Nalzkha Rutekha .\l'apf;elha | Naykoyuwa "R_l?miua:
I Command Area (ha) 29 I 27 24 - 2%
| I 16.2 628 429 C 363 443
1/5 47.3 © 643 4315 37.2 45.6
TN 47.8 " 65,1 444 376 461
1720 48.2 C 656 448 319 © 6.5
115 (Excéedance) | 4 Y 60S 414 FEX1 T ad9
1110 (Excecdanee) 435 : £9.0 40.4 3a2| (519
428 876 39.4 334 L 10.9

1:20 {Exeeedance)

(2) Estimated i'njoall_clidia Ratio and Net ‘Pl"odll:{‘lioilu\fa:lli:(‘-'. |

i

Using the same manner as Caseé O ‘and recalculated water requirement, the
production ratio and net production value were estimated as shown below;

Estimated Peoduction Ratio with Canal Capacity Improvement (Case B)

Code

Name of Canal

, - Nameof Canal Code -

_ . . Canal C2 ‘Bajo - | i CamalCl0 | Phangyul
 Return Period Summer Crop Winter Crop -Summer Crop Winter Crop
172 . . 81% C100% C . 50% 6%
1/5 - B6% 100% 49% 1 15%
1/10: ¢ B5% 100% 49% 11%
1/20 ; - 85% 100%] 19% “T4%)
113 (Exceocdance) 89% 100% 32% 8%

- § /10 {Exceedance) . 89% 100% 52% 8%
120 (Exceedance) 0% 100% 52% 81%
Average S 8% 100% 51% 76%
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Estimated Net Production Value (Case B 1000 Nu.)

Code .1 NWame of Canal Code Na mo of Canal
Canal C9 Bajo Canal C10 Phangyul
1,454 387

{3} Cost Estimation for Improvement of Canal Capacities

%@x S " ‘Based on the maximum water requirement for 5 years return period, the design

‘ o discharge was deterimined -and each irrigation scheme was designed preliminarily
(see Data Book V), The enforcément of protection works were considered for
slabilization of irrigation  water supply.” For the - roughly cost estimation “of
protection works, the type of profection works was considered considering the
Vulnerability index of each canal. The cost estimation is shown in Data Book V
and the result of net cost including O/M cost for one year is sunmmarized below,

Estimaicd Net CoSt for One Year (Case B 1000 Nu.)‘ '

.~ Code 1 |- Name of Canal Code - . | Nameof Canal
“CanalC9 - | 7 Bajo Canal C10. | 7 Phangyul
60 : : 7y -

11.3'.6" Imjrfovemcnt of Water R_eso_ﬁrééS (Case _C):

(1) hnprovement Plan

_ Consldenng the river dlscharg,e at the Ba) thu there s suﬂncxent river d:scharge
for Bajo canal. Therefore; the improvement of water resources plan was sludied
only for Phangyul canal. The dctmled unprovemenl plan is shown in the Data Book
V and summarized bclow

- Proposed ‘wale.r so_urcc_ _ Do Small slnam of Pc (‘hhu

- " Catchment area at intake site - 2.2k (Elevauon 550m)
-~ The desigh discharge =~ : 0.066 /s
- - Intake works B - 1 unit

- Lcngth of driving canal : 3.5km

(2) Fshmated [’roduchon Ratio and Yet Pnoduclwn Value
App!ymg this xmprovcment plan it 1 can bc expecled that --% of av'ulablc 1mgauon

P water will be increased and based on lhls irr igation water, the ploductlon rauo and
g' S net producllon valuc for CascC was csumatcd as follows :
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Estimated Production Ratio with Water Resources Improvement (Case €)

Code Name of Canal
Canal C10 Phliangyul
Return Period Summer Crop Winter Crop
172 16% G9%%
15 15% 68%
1/10 15% 67%
1/20 14% 67%
1/5 (Excecdance) " 47% 7155
1/10 (Exceedance) 18% 739%
1/20 {(Exceedance) 48% 4%
"Average "~ 16% 69%

Estimated Net Production Value (Case € 1000 Nu.)

Code

Canal C10

Name of Canat

331

Phangyul

(3) (.‘osl _Esiinmtion l‘or'lmpi‘ovehmit  0|‘ 'Wat:ea.' Resom"ces

The prclumnary desxg,n of stmclures “as shown in Data Book v and lhe cost of
© waler resources improvement for one }eal mclud:m, the addmonal O/M cost was
: eslunaied as shown betow; : :

: Eslinmtrd Net Cost for One Ycar (Case € 1000 Nii.)

" Code

Nami¢ of _(‘al_ml
+ Phangyul

. CamlClO.. . _
R 61

1L 3 7 Applwng Dwens:ﬁcauon (Casc n
(l) chts;ﬁcatson Plan :

In the prcsent condition, approximately 10 ~ 20% of paddy field has not been
planted because of insufliciency. of irrigation water and - eflective cainfall. - For
_effective use of agricultural. fand - and limited irtigation water, " the crop
diversification from the paddy was considered. However, the po: tionr of unused
paddy field is varied depcndmg upon the clfective ramfall ina year and the highest
net - production value is expected from the paddy cropping, lhcreiore it is.
~necessary to find out the optimum pomon of diversification with a'consideration of
probability and net bcnchl l*or lh;s pu:posc the 1ollowmg case of dl\ﬁ‘l’alhua[lon
was studied. :

- Casc Dl S $ 5% diversiﬁmtion '
- CaseD-2 : 10% diversification
- Case D-3 o ¢ 15% diversification

- Case D-4 : 20% diversitication
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(2) Fstimated Production Ratio and Net Production Value

As the cropping pattern should be changed for diversification, (he water
requirctent was recatculated as shown in the Data Book V and, based on the these
water requirements, the production ratio and net production value for cach case
were estimated. The results are summarized below;

Average Production Ratio with Diversification (Case 1)

: Code - - | Name ol Canal Code Name of Canal
Case Canal C9 . flajo Canal €10 " ] Phangyul -
) Summzr Crop Winfer Crop Summer Crop Winier Crop
131 (5%) - 7294010 0 100.00% 18.51% 51.01%
3-2 (10%) 20.87%|- 100.00% 39.41% C L 8101%
- B3 {15%) §2.90% 100.00% 40.39% : 50.01%
Thages 8501%| 160.00% 41.48% $101%

Fstineted Not Production Valoe {Case 1D 1000 Nu)

Cwe | Cok | | NuocdCual S Cak | MNamcol Cud
: | Canl Bijo - Caal C10 | Plangwdl
D1G% EY _ am
Cp2ama_ | 13§ . A0
D3Us% | e - 3
© D (20 ' 1241 383
@ (3) Cost Estimation for Diversification

" Only for diversification, it is not necessary 1o construct any structure but the
“extension” of (tectonics of diversification should be required. In the present
condition, there is onc extension technician in each Gewog but it is necessary to
consider the training for the new agncuhural teclonics for them. Therelore, the
“additional extension cost for the net cost of the diversification was cstimated
“including the necessary eqmpment as shown in the Data Book A and the resuft was
“summarized below;, :

" Estimatcd Net Cost foir One Year (Case D 1000 Nu.)

Code -} Namecof Camal | - Code Nmn_cofCanal.
© CanaiC9 |, Bajo ~Canal Cl10 "~ Phangyul
‘ T T T N 20
% o ?li.3.8 _Appiying Double Paddy 'C_ro:p'pilig (Caéc E)

(l) Gemnl [dea of Double Paddg Cloppmg

In the present condmon the double paddy croppmg is applted at less than 1% of
paddy field in the study area. Considering the water balance at intake sile, it is

~ possible to apply the double paddy cropping at almost of all paddy tields in the low
lat area. For increasing the total production of rice, it is better 1o apply the double
paddy cropping as much as possible, however, the f‘ollowmg constrains must be
considered for expansion of double cropping.
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- There are problems such as lack of seasonable labors for the period of paddy
planting season.
- Considering the meleorological conditions in the Study Area, the same unit
yield of paddy can not be expected as that of usual period.
- Production cost of double cropping is higher than that of present cropping
pattern. 7
-~ The high net production value is not expected from the double cropping )
* comparing with the increase of work load. : %E

- Therefore, it is necessary to st"uc'ly:the optimum portion of double pédd) Cropping
© with a consideration of farmers financial condition and effective land use. I'or this
purpose the followmg case of dauble cropping was studied.

- Case E-] ;. . 20% double paddy Cropping
.- CaseE-2 . : = 40% double paddy Cropping

.- CaseE-3 : 60 % double paddy Cropping . = ‘
- CaseE-4 . 100% double paddy Cropping S

" (2) Estimated Prnducﬁon Ratio ';jmd th l’roduclion Value

-~ As the croppmg pattern should be changed for doub!e paddy cropping, the wate
requirement was recalculated as shown in the Data Book V and, based on the these
water requirements, the production ratio and net producllon value for each case

were esumated The resu[!s are summarized below

Estiimated Produc(ion Ra!io with Applying Douh!c'_ Paddy Cropping (Case E : 1000 Nu,

Code Do : L . Name of Canal
' R Canal C9- Co e Cooon L Pajo, ' i
P Case Sumnier Ceop Winger Crop hr\t l’add) . Sg\\md Paddy SWintdr Crop
Case E-1 {20%) S B U 100%) T ey voobe| - 1007
Cage E-2 {40%) ﬁ R0 L R Y T DL 1000
Case E-3¢60%) | - 929 7T omel] gse] o I00% F100%
Case F-4 (100%) | . IEEN IR 934, ‘ 91% TR T 100

Estimated Net Production Value (Case E : 1606 Nu.)

Case Code C O Name of Camal
2 : E Camal€e. - )" . Bajo b
Neas g1 2000 . D 1,408 !
NCaseE2¢d0%) © L s ; ; S _
s B3 6003y . A6 ; : . S g
: (‘ascli—4{100%) ‘ S 1L,396 ' ' ’

(3) Cost Estimation for Double Paddv Croppmg

~ Only for doublc paddy croppmg,, it is nol necessary 1o Constmcl any structure but
the extension of tectonics of double paddy cropping should be required. In the
present condition, there is one extension technician in each Gewog but it is
necessary 1o consider the training for the new agriculiural tectonics for them.

H-30



APPENDIX }

_—- — : Tre Stucy pa Groonda ater Development in Wargdiephodang Dislrct of Bhwts

Therefore, the additional extension cost for the net cost of the double paddy
cropping was estimated including the necessary cquipment as shown in the Data
Book V and the result was summarized below,

Estimated Net Cost for One Year (Case E ¢ 1000 Nu.)

Case Code : Name of Canal
Canal C9 HE Bajo
Case E-1{20%) : K
Case E-2 (40%6) ' 55
Case E-3 (60%) - 66
Case E-4 (100%) - 7

'11.3.9 “Combiired Cmm.tcr Measures Case

-Usmg the same procedure shown below as the above menlloned the combmauon of
- each counter measure case was studied. : - :

- Recalculauon of water requirement _
- . Estimation of productlon ratio and net producuon va!ue S
. _Prellmmaxy desg,n of necessaly structure and estimation of net cost for one
year : -

"~ The procedure and calculanon of each itent is shown in the Data Book V and the resu[l
is Stnnmamed in Tabie I3 4 and hg H.3.2.

ll.'.l.l[) The Result of Cas_e Study

f}rom the result of case study, lhe followmg basic stratcg,y can be sua_t._,cslcd tor
i irrlgalion lmprovemenl plan

- lor low ﬂal area (l obcy sa and Bajo area)

th no cons!derauon of’ applymg ithe - double paddg, croppnn,, the highest
benefit/cost ratio can be obtained applying the Case’ AB (combmatmn of waler
management and canal capacities improvement) and the improvement of canal
facilitics and establishment of new water managemeit system should be proposcd
for improvement of i lrrlgatlon plan in the low flat area. o

' th conmdemhon of applymg the double paddy croppmg, it is lcchmcaIl) possuble .
to apply the doublé cropping to all the present paddy. fields, THowever, applying

 40% of the double paddy cropping with Case AB shows the h:g,hest B/C ratio,-and,
this means that it is necessary to consider the proposed portion of double cropping .
based on the development concept in the area. The relation betwéen the B/C ratjo,
production and the pomon of the dnuble cropping is :.hown below;
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For high hilly area (Phangyial.ahd Rubeysa a'rea)

 The hlghest BIC ratio can bc oblamed in the Case AD-2: (combmauon of water
: 10% of the dwersmcauon) fand
* - improvémerit of water management system with 10% of diversification should be
- proposed. As there is no suflicient irrigation water at intake site in these arca, the
- bigh B/C ratio cannot be expected applying the improvement of canal ¢ capacities.
" Considering the effective use of the agricultural tand and limited irrigation water, it
-is belter to consider applying the diversification. In this study, Chili was considered
for diversification instead of paddy, and it is necessary to research the optimum

managemcnt lmprovemenl “and applymg

- crop for the diversification in future.
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H.4  Basic Isprovement Plan for 10 Ivvigation Schemes

1L4.1 Basic Concepts and Proposed Strategics for Improvenient Plan of l(}
~ Irrigation Schemes

Considering present condition of agricultural activities in the Study area and based on
the result of the Case Study, the foltowing basic concepts should be considered for the

agricultural development.

- - limprovement of the eftective irrigation water use

.- lm'pmvcmcnt of the effective la’nd use

: As it is necessary to consider the proper 1mplcmcnlauon plan for the prevention of any
social conflict' coursed by the rapid development, the improvement plan should be
+ sludied for short terin and long term. From the result of mutual discussions between

MOA and the study team, following target years is settled based on the phyqical year
oflhe Five Year National Development Plans in lhe Bhutan.

- 2002 year for short term imp'rovement plan -
- 2007 year for long term improvement plan

Furthermore, - since there are a'lot of 'differences in the cdnditions sich as’
meteorological, (opographma! and other between the low flat arca (Lobeysa and -Bajo)
~and high hilly aréa (Phangyul and Rubcyaa) ‘the strategy of lrngauon nup:owmuu
phn should be different for both areas.

' (I) Pmposcd Stmtcg) for the Lo“ l*ht Area

ﬁ 'Consndermg llu, food sdf suﬂlcmncy n the Bhutan it is ncccssaly to produce

- paddy as ruch as possﬂ}le However,: the financial condlltons of farmers should
also be considered. (‘onscquently, io!lowmg, slrategies were pmposcd based on the
resull of!he Case Study S : : .

s - Shont lcrm -
Supplying sufficient 1rnganon water '
- Applying double paddy croppmg f'or 40% of present paddy ficld

- Long term :
© Supplying sufficient lmgailon water
1z\pplymg double paddy croppmg For IOD% of prcscnt paddy field -

(2) Proposed sl:atcgy for the lllgh llllly Alea

Considering the hydrological condlllon in the high hilly area, it ‘is impossible to
plant the paddy for all paddy fields in the area. In the present condition, 30 ~ 0%
of paddy field lias not been used in an average year and it is necessary lo consider
the diversilication for effective fand use: Consequently, the following strategics
were proposed based on the result of the Case Study.
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- Shor term

Establishnient of new water management system

Applying the diversification for 10% of present paddy field

- Longterm

Improvement of water management system
Research the optimum crop diversification

H.4.2 'lrrigalidll Improvemeat Plan for Low Flat Area

- According to the basic concept and strategies, the irrigation iniprovement plan was.
studied for the Upper Lobeysa (C1), Lower Lobeysa (C2) and Bajo (C9) C anals

“supplying irrigation water to the agricultural land in the low flat area.

{1) For Short Term

1y Conditions oflm|novcment Plan

© For supplying the sul‘hcaent lrrlgatlon water, the, rehab:htahon of lrngatlo:f

- canals and improvement of water management were considered. ‘For: the
o stabilization of the irdgation water supply, the enforcement of protection works
. was also considered based on the vulnerability index of the canals. Applying the

~ double paddy cropping for 40% of present paddy field con51denng the hlghest

BfC ratio. The design conditions are summarized below,

Summary of Dcsngn Condmons

L Canal _(mmn.m‘j : l)‘<13,|\ Nunder | Avergs

 Name of Canal Code 7| Jengh Arca _Dl::xhlrgg of | \'isIn%.‘rabilii:.‘

| . o : ¢ (bm) hay o 1ids § ] Offtakes Tndex -

Uppet Lobeysa’ C ] 1 ] P 32 1398

Lower Lobeisa’ 1 i3 3col. 43| L s2 1399
Bajo . - %) I Y R ) 2.

2). Projéct Cost.

Based on these dcsign conditions, the necessary struclures: were designed’
~ preliminarily as shown in the Data Book. ‘The project cost’ including O/M cost

was also roug,hly estimated and the results are summanzed as shown below

Summan of Pm]cci Cﬂsi for Up;m Lobesa, Lower Lohcua and B'uo C .mal

{unit:10G0Nu.)

_.\amc ol'( anal

lomr L ohwl

Upper Iobs.\\a C ke boRewirk
" Code o e o : '
Canal Reabilitation Weks ) 1428 © 2%
Protection Works 3 - 600 2815
= Total Comstrution Cod 1,152 3,027} 5016
Capal DM Cost -23 6l 100] fox 20 years
OM Cost for Water Management 354 52| 150fhe MWycars |
Additional O M Cest for Double Cropping 3l 58 167 for 20 years
Total Projedt Cot 5,580 1670 5975
{for 1year) (79} [{1:2)) £293)
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3) Net Project Cost and Benclit

Based on the result of the Case study, the niet project cost and benctit were
estimated and the result is summarized as shown below;

Net Benefit and Net Project Cost
- (it 10GON)

Name of Canal 0] UpperLobeysa | Lower Babeysa _ Bijo Romarks
A% Cede Cl o €9
'éﬁ Present Wet Production Value M 2,808 1,340
Net Production Value with Projact 649 3,190 1,532
Net Benefit . .79 292 193
Tetal Project Cost . 79 . 183 © 293 for ¥ year
Average Present O'M Cost ' . 51 230]for 1 year
Net Praject Cost .35 132 : 69)for § year
(B C Rutio} (215 @) REDN R

(2) Bon Long Term
l) Condmons ol‘lmpnmement Plan

L . The same conditions of nnprovement plan as | lhat for short term were
' ' . considered except applymg, the double paddy cropping for 100% of present
paddy’ field for thie increase of paddy production with a consideration of
unprovemcnt of food ‘self sufliciency in. the: Bhutan. The maximum water
requirement -for  100% double paddy cropping is léss: than that of" 40%.
Therefore, the irrigation canal facilities for the short ferm can be appl:ed :

- Mavinum Wat_ci* chuir&:niiedt and Paddy Production

B Name of Canal Upper Lobeysh | Lower Lobeysa [ Bajo
BRI BT e e
+ | Presat - Max Water Requirement {15) @ I?G (May) - 961 (May) 163 (May)
Co |eondition Féminn:ed Paddy Frodustion (n’) B BRI S BT 338
P |40%e Double Max-Water R;quu erent (l's) - 88 t!\iiy) 4%4 M n) 210°(Aliy)
) - Ciopping B Eadimaied !‘add} Production {1) : 235 : ), 157 355
100%4 Double {Max. Water Requircrient (1) 86 (Apr.) T4 {Apr) 205 (Apr)
" |Crepping Eadintated Paddy Production (1) 293 1,441 692

2) Pro;ect Cost

As the ‘design discharge is almost same as that of short tenn, lhe prOJect cost
- was also almost same as’ lhat for short term.

3

Prdjéct Cost and Benefit

- Using the same manner as for the shozl teim, the pro;ccl cost and bencht with -
the project were cshmated and the results are summarized as shown below;

H-15




"APPENDIX H

The Stucy on Grounds aler Development i W ahaduephod ang Dislriel of Bhutat

Net Benefit and Net Project Cost

Wame of Canat Upper 1obaysa “Lower Lobeysa Bajo
Cod: Cl 2 9
[Frosent Net Production Value $70 2,898 1310
Net Production Value with Project 602 2,962 1,422
Net Benefit k2 61 82
Net Project Cost 35 132 59
(-C Ratio) {0.93) (0.49) (1.19)

1.4.3 Irrigation Improvement Plan for lligh Hilly Area

According to the bfmc concept and strategies, the irrigation improvement plan was:
studied for foltowing itrigation schemes in the high hilly area.

(1) For Short Term

Phangyul sub-area)

Phangyul Canal = (C9,

Gemkha Canal (C15, Phangyul sub-area)

Nalakha Canal ~ (C18, Rubeysa sub-area)

Rutekha Canal - (C19, Rubeysa sub-area)

Mapekha Canal - (C20, Rubeysa sub-area)
- Naykoyuwa Canal (C21, Rubeysa sub-area)

Rumina Canal (C22, :

- Rubeysa sub-area)

1) Conditions of mprovement Plan

" For establishment of the new water management systém, it is necessary to

construct the offtake facilities for easy water management. As there is not
~enough available irrigation water for present cropping pallcrn at intake sites of
~these canals it is also nécessary o consider the diversification from the paddy :
for the nnprovement of effective Iand use. In the prescnt condmons 10 ~ 30%
. of paddy field is not used in the average year. Therefore, 10% of diversification
was considered based on the rusult of the Casc. Study The demg)n CDlldllIOlIS
Care summan?ed below; L :

Summary of Design Conditions

2:)

PrOJccl ( osf

) Canal | Command |- Design | Number Average
Nane of Canal Code | Langth Area | Bischadge of | Vulacrabitiy
C (k) ha) (') Offlakes tndex
Fhangiul cle | 16 - 91 240 ) 41D

Geomhha S S - 35 KAL) Y Y. S A4S
"+ Nalabha CIg -39 9 N ] ) . 448
Rutehha © Ci9. 22 40 ¢ 106 - 28] . 362
Maphekha . Cn 2.2 Y Rl D 25 . 361
' Naykoyuna \y] 1.7 24 C 6l W : 30.8].
Rumitna C2} 1.1 ] 38 16 366

Based on lhesc dcsu,n conditions, the necessary structures were dcssywd
“preliminarily as shown in the Data Book V. The roughly project cost including
O/M cost was also estimated and the results are summarized as shown below;
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Summary of Project Cost

,Qunit 1000Nu )

Name of Canal Fhangul Gembha Nalakha Rotehha
Code 10 C1s Cg 19 Remarh
Number of Ofltake 32 12 20 28 ]
Ofttake Construction Works 286 47 119 207
O M Cost for Water Management 748 161 192 1361 For 20 vears
O M Cost for Diversification 403 88 - 98 551 6or 20 years
) Total Project Cost . I.,4'_3_7 295 409 399 for 20 years
%l ' o {for 1 vear) ’ )] (13} (20) {20)
: Name of Canal Maghekha Na}'ku__\uwa Runiima - _
Code CC20 (eI . - Hemak
o Number of Offtake 35 U 16 o
Offtake Construdtion Works 148 ik 95 :
O M Cost for Water Man; ieement 125 97 67 . for 20 years
O M Cost For Diversification ] 43 28 for 20 years
Tolal Project Cost 3% _ 238 189 for 20 years
{for 1 year) - asy - 1y )

3) _Ncl ‘l“rojecl ,C_ost and Beneﬁl

Based on the result of ﬂ]e C‘ase study -the net pro;ecl cost and benelit were
cstimated and thc l’(’-Sllft}S_ sununanzcd as shown below; ' :

‘ : - Net Bcncl‘i and ‘\Iet ijcci C ost o C
£ ' . : _ _ - C L qunil §00DNu )

'&% ) - ‘\'mm of Canal ‘Hmng_\\ll _(.vcmlha -anakha Rutebha | Remwh .
' ' : _ S Cede o | Cis Cig CiY ;
Present Net Production Value - 421 108 o184 225
Net Production Value with Froject R P 1 ity . 263
‘ NetBenefit - ) L I o
© Nel Profect Cost, . N D L 20 20Qfor byear
(BCRatioy * | L {ss .  sy asnl syl
Name of Canal | Maphehha Naykoyuwa Rumind . ’ Resinarh
LoCede | foea | en L
: l‘rcsml\‘l ProdudtionVatue 1 - | < 0 T 182) ¢ i Nash . 138
- INet Peoduction Value with Projedt 177 - 158) 178
“Net Bemefil | L RS K
Net Profoct Cost 16 13] 9 . Jfor 1 year
(BC Ratin} {1.59) (L74)] (1.91) I )

(2) Fm Long Icrm :

§ L l) Condllwus of lmprovcment Plan l
- From the rcault of the Case sludy, it 1s not fea51b!e {o nnprove the wau,r source
for ‘irrigation considering the hydrological condition in the high lully arca.
Thercefore, it is necessary to imiprove the water management system for the
effective irrigation water use and to research the optimum diversification crops

for the effective land use.
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H.S

.51

For the improvement of the water management system, tlle monitoring and
analysis for the water management should be proposed’ after completion of
project for short term.

For the research of the optimum dwcml‘rcatzon crops, it is necessaty o carry
out further investigations such as soil survey, marketing study and etc. As it
can be considered that the existing organizations such as RNRRC in Bajo will
able to study those investigations, it is not’ necsssa:y to constmct any kind of
facilities for this purpose.

Proj‘eci Cost

The monitering and analysis cost of the water management is already included
in the O/M cost for water managenient of short term.

The project cost for research was roughly estimated and is summarized as
shown below,;

l’m;ecl Cost for Research
(unit: 1000Nw. \Lar)

-} Description © T Amount - Reémark
Officees and Labor el
Nedessary Fyuipment ) Ci102]for tyear
Orher 'E\‘pms: i : SRR 15 :

Total : . Co4871 .

Prcqcct Beneﬁ(

ltis nnpossntﬂe to count lhlS I\md of pro;eci benehl bul the tesult of reséarch

should be available for thé consideration of fusther agncullural improvement
_plan and these ml’ormahon wlll make a great conlnbuhon 1o rural devclopment
in ﬁlitlfb : ‘ - - :

' :\Iicrnati#e‘ Study of Irrigation =lmpmv_(‘*m'ﬂ'lt for Sub-Study Area

- Study Conditions of Ailcrna(ivcs

For lhe 1mgahon improvenient in thc Sub- sludy area altemalwes as shown in Fig.
: li 5.1 were considered. ln the Case Study, most. of the altcrnatwes were analyzed
_ c\cccpt the followmg case. - : S

- Supp!ymg, bllﬂlClClll watér usmg lhe river pump or shallow weli system mstead of :

~ canal tmprovemenl

* This counter measure can be apphed only for low ﬂat area and the nnprovement of

~water

management system and applying - -40% double paddy cropping should bc

. required for achieving the same project benefit as that of irrigation canal impravement.
Considering the supplying the irrigation water supplementarily, the design conditions
for these system are shown in the Data Book V and summarized betow;
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