APPE NDIX H

Summary of Dcsig;a Couditions

Conunand | Dlesign Reyuired
Name of Canal Code Arca Discharge Head -
(ha) (s ()
Upper Lobeysa (&1 5 [ 150
Lower Lobeysa c2. 27 28 20
Dajo 9 7 2l 20

Since the sanie benefit can be -expected as thai of 1mgauon canal nnprovemuu only

%g the project cost including the O/M cost of each counler measure should be compared.
1£.5.2  Comparison of Basic Condit_ions
(1) Etecirical Pump and Diesel Engine Pump -
Applying the following conditions, the comparison of the pumping facilities cost’
including the O/M cost between that of eleclncal pump and d:esel eng,mc pump
was studied as shown in the Data BookV. = -
-= Design Discharge o 15Ms
- Required Head L 20m
The results are summarized below and the diesel cngme pump shoutd be proposed '
_ to apply these syste.
@ S o Summar\ of Compamon fm Pamping Facilities Cost
' ) C{uni1GO0Nu).
“Type ol Pump " Electridal Pump l)h.bl.ll'ngitk Perp | - Ruenwark
Pumping Facilities . 575 - : 4‘34 ) :
Electrical Distribution Facilitics - R ] 3 R .
OM(‘Ost B : o C 105 R 21 for 10 years
Total T BECEE] I - M
(2) Shallow Well S) s{em aml Rwel Pump System
Based on lhe same condultons menuoned abovc the companson of s ystem cost
* ncluding O/M cost between the shallow well and river-pump was studied as shown
“in the Data Book V and the result is s’ummarized below;
Summary of Comp.mson for the Watcr Supply System
) (u b 1009%u)
TypcoFS:.srcliﬁ Tl Shattow Well ¢ Rive rPump o Rendark
Civil Woeks © 7 57 a1 D220
B S © YPomp Facilities - ;| 807 . . .f 07| for 20 years
§ 7 Co ¢ JOM Cost . L I o 502 for 20 years
Tetal . S 1,665 : Nt 1] i

From the result of this comp'arisoh, the river pii;ﬁp system should be proposed.
H.5.3 Result of Alternative Study
- Based on the design conditions, the river pump system was designed prchnnnanly as’

shown in the Data Book V. The project cost was also roughly estimated including the
O/M cost. _
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(1) Upper Lobeysa (C1)

The project cost with the river pump system for the Upper Lobeysa is summarized
below;

Suimtmary of Projéct Cost of River Pump System
(unit: 1000w}

Description Amotint Remarh - .
Civil Works : 1,006 ]for 20 years : C %%
Pumping Facilities - 4,786 for 20 years ) L EE
OM Cost - L018For 20 years
Suh Total ; Q80| for 20 years
(for ) year) . . {4530}
Water Managament Cost 40 for 1 year
" Total Project Cost 53G[for 1 year

Since the net- project cost of i‘rris,alidn'canal improvement was estimated as’ 35
thousand Nu. for 1 year, the lmprovemenl of i lrr:gauon canal should bc proposed
f‘or the Upper Lobeysa :

() I.m_ver l.obeysa (C?.)
The project cost wnh the river pump sys!cm for lhc l.ower l.obeysa is summarlzcd
bclow :

Summ.lr\ of Pro;cct Cost of Riv or Pump Sy stem
(uml 1600Nw. )

Deseription Amdunt : Remark
Civil Works - | - Ll . 439{for 20 years .
Pumping Facilitics ) S 11960 for 20 years:
QM Cost’ B o C 1004 |for 20 years |
Sub I-;\lal ot S o 2639l 20 yems: . !
(for 1 \:‘M) g ' k7))
Waker Managemant Cost gt{for 1 year
Tolal Project Cost 213 For 1 year

As the pro;ecl cost of i irrigation cana} mlprovement was estimated as 132 thousand
Nu. for 1 year, the lmprovemem of lrng,ahon canal should be proposcd for the
Lower I. obcysa '

| (3)jB'ai'0 (C9)_

“The project cost with the river pumping system for the Bajo is suminariic_d below;
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Summary of PI-‘O‘i{‘(‘t Cost of River Pump System
{onit: 1GB0Nu )

Description Amount ' Remark
Civil Works 439 (for 20 years
Pumping Facilitics 1,196 |for 20 years
O M Cost 1.004[for 20 years

Sub Total 2,639 for 20 years

(for 1 year) (132)
Water Managemwent Cost B4 for 1 year

Tatal Project Cost - , 216{for 1 Aear

As the prq;cct cost of irrigation canal improvement was estimated as 69 thousand
1. for 1 year, thc lmprovemcnt of iriigation canal- should be proposed iox lhc
Bﬂ_]()

1.6 'P:.'ojcct imp!c:nenta(ion Plan
"1L6.1 Pro]mSed irrigation ]mprovemeni Plan
(l) Por Shori Tcnn (ia;gcl Yem 2002)

Based on the results of the above menuoned studles the opinuum combmauon oi
counter measures are summanzed below, = o

- For Iow flat area -
. : - Establishwent of new water managcment systcm
@ Rehabilitation of the ]mgat:on canal facalallcs and enforccment of the
-protection works -
' Applymg thc double paddy croppmg ior 40% of present paddy ﬁe!d

- Por Iugh hllly area :

‘Establishment of new water managunenl system

‘Construction of ofilake works

i:\pplymg lhc dwcralﬁcahon tor IO% of presem paddy Ileld &
T he proposed 1mgatlon unprovemenl pro;ecls are summanzed as shown below and
the priorily of the pro_;cct was given com:dermg the net B!C ratio.

lm cmor\ of the Im ganon Improv emcut Project

Categery : o L : C«'\nm‘«'md Consleuchon OMCout Estimated |- :
of . Sub-Area , Nume of Cand dec - Are Potest | for 1 year TRCRA | Pionly

: Land N , thay | GooNads | o) 1
% C o Rt [Lobersa . |UpporLobeyes 1 vel s st Al 1wl @
= P e < Lewa Lobeyse - ez R T2 RS b @
: “eae o Juage c9 133 AN el amf ®
[rhriny  frwgad,  [fhangol cio o9 286 Csl e O

e oo as | s oAy E SR E e
|rebeysa  [uatakta ST 2 19 el s ®

Rutekha clo ¥ ' 207 1 @

Maghekha oo n L oles 9 158 7 ®
Nuhoyuwa on Con 15 7 1@

Ramina - o2 2 55 i 19| @

Total 7o T6.3te 3T
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(2) For Long Term (Targ:cl Year 2007)

Based on the short term projcci, following projects were proposed.

For low flat area
Improvement of water management
Applying the double paddy cropping for 100% of the present paddy field
considering the rising up of food self sufficiency in Bhutan,
For high hiily area
- Improvement of water managemcnt
~ Research on the opllmum dwersnﬁcauon crop

It is not necessary to construct any kind of structure for these pro;ects lhe project
cost should be required only for the research which was estimated approximately

as $00 thousand Nu./year.

ll.6.2_ Proposcd lmplcmcntaiion Plan

(l) Pmposed ]mplemenlatson Sehedule

Based on the prlorliy of lhe pI’O_]ECt thc implememahon schedute of the trrigation
improvement plan was propoqed as shown below considenng the larg,ci year and
total construction cosl ' »

Pmposed Implementatlon Schedule

Categny

Sub-Asea Nsm-ct»l('m\l Code | Priveity . . _cYea . : -
of Land : o - 10T 1998] 199}, wm‘ 2001 mm‘ 23] 200, NES DNO6) 207
Low Flat Lebeysa . JUpperlobasa o [CL F2 : :
Arca Lo babysn e2 3 S - )
- Bajo oo 5 T -
TEghiblly | |thamaud © |Phangydl W i i N FN T IS TR TR T S
Area . | Geinkhs Chs . 4
'EIEE_N Natdda Tis LT
© [Rutekha c1e 3
Maphebha e § o : b
© pakoevuwa 2 (L B v )
‘Rumim CHen P " o ‘}

Research the Optimum Diversihcation Crop

A2) Annual Disbm‘scmcni Sche:ane

Based on the implementation schedule the annual disburaemenl schedule of lht,
- project and OIM cost were estimated and summanzed as shown bclow

Proposed Dssbursement %chedule for the lmgahon Imp:ovement Project

(urat . LER) N )

Categy SubArea Nare efCannl . C(\lc : . - o Yeit : :
of Land L : : : 1997] 1958] 1590] 20001 2001] 300 oodd 2001\ EL R ST
[Cew F1at Totovs . JUppos Lateysa Al " EN ]
Arer i Lc\.\krlansa C2 N )
Hajo Bajo 9 o B T
CTgh oty ¢ [Phangval - {PRangul 15 o - I R R
Area ' Geodha C1s EH )
Rubcysa Nalkha C18 ) B 7 4S . )
Rutckha C19 L B o .
Maphekha - [y} R B ) R B Lt
Naykaywn s 21 o . A: L - . L
: Rumina c ) 9 - - ; -
Tescarch 1of the Dptvnua Divesification Crop 357] 437 ASH 4Agf| AsF[ 48¢) 87 48X . 48y
Annual Tetal 2 RI5]: 2 836] nGel) AN 1LVS —3:_7 87 487 437 481 0 457
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Proposed O/M Cost for the lrrigation Improvemem Project
{unit ; 1000 Nu)

Calegory | Sub-Area | Nameof Canat | Code Year

of Land 1o07] 1998] 1999] 20w 2| 2000f 303! deodl 2eost el
Low Fiat Lobeysa L'pperLobeysa  [C) - n : i 2! -2 b 4 L
Area lowertobeysa dc2 | . | | | T RS IS B TS B S
_ Tajo Bajo ol R R B S
High Hitly |Phangyed [Phangyut co | | sl el s s sl sl s B
Area . Gemiha - o (R0 D A RS TN D A O LI R R ¥
Rubeysa (Nahbha - fog § | | L0 b s sl s owsl s
Rutehha co C10f ) ; P
Maphekha SN N I N T
Naykoyuwa (‘Zl. R ;
Rumina : (22 R ﬁ ——_; o 5
Annua Total 62 1207 158

“(3) Pmposed OIgalmallons fo: the PwJect
Consndermg the characlensncs and annual cost for the pmJect the prOJu,t can be
.|mplemented by present orgamzat:ons and it 1s not necessaly to es!ab!mh any kind:

of new organuahon

The ﬁmcuon of presem orgamzahons qhou!d be proposcd as shown below

Present Organuzauon and Proposed Function forthe Pro]ecl

Ministeyof -} | Dzongkhang o ]  Proposed
“Agricultare - ' - - Funclion
Resgareh,
Exténsion
and brrigatien
- [Dwvisicn
| |Research, ‘ : nim . : : . b Research for
Sedtioh ' o S P ) Diversitication
Fxtension - Eatension of Py opnsc&
Section - ) ' ' : Cropping Pattern
luigation” — : s & Dutailed Dosign
Section | bl s P of Faditities
ST Y S — 1 F e [ RO
g% . . Co : A 1 Terigation 2 = = P+ Condruction of
A ' o Sl e : NS R Faxilities & O
Ag‘icd]luie
Seuter
L Extension : b Watdr Manazemait &
Conter ' Eatension :
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1.7 © Drainage Improvement

11.7.1 Present Problems [dentified

(1) General Characteristic of Drainage in {he Study Area

At present, there are no systematic drainage canals under irrigation schemes in the
Study Arca. Farmers usually drain surplus water of the paddy field to lower
terraced fteld or natural water course(gullies). The damage for crop caused by poor

drainage was not found in the Study Arca except at some wet lands in Phangyul,

As for direct ranofl drainage from heavy rain, though the rainfall is drained to main
rivers or tributaries, through irrigation canals, side ditches and road culvert, the
land sliding is often found in the hazard area and the gully erosion is also found at

some of agricultural lands during the rainy season.

- {2) Preseat Problems

:_l) Land Sliding

* Considering the topographic, geological and meteorological conditions of 10
“irrigation” schemes, the land sliding does not occur in every year. From the’
~ result of field investigations and information of Dzongkhang oflice, it takes 10
~ 20 days for the renovation of canal afier occurrence of the land sliding.
* Though it depends upon the scale of disaster and season, the cffect on the crop

- yield is not expected so much in an average year.

In. the study, the vulncrable conditions of 10 irrigation schemes' was
investigated as shown in the geological hazard map in'the Appendix I and the

possibility of land disaster was studied as the volnerability index. The result is .

summarized below; |

Summary of Vuln_erability Index

H- 43

Orverthan 6O . 3560 50~ 35 Tolal Mean
Namwe of Canal | Code | Nunber ‘Total Number "Tetal Number | 0 Tolal Tengtheof Vulnzrabil ity

’ . of site Lengh (o) | ofsite 1 T.ongth {n) ofsite’ Fengh(m) | Canal (i) fndex
Uppar bebeyya . [CI 3 4 e 7,100 ©398)
Lower Lobeysa. |2 o R EE ] 0] -3 650 3,160 3990
Hajo e By C 2650 ¥ T2a20 Cs 1330] 14950 4696
Phangiul’ C10 3 70 .5 1020 ¢ 1040 16240 TR
Genthha C1s 1 v .3.500 TS
Najahho “Tes . . 27| “1 750 C3700 4812
Rutekha Ci : - 2260 1616
Maphalha 20 ‘ - - 2,140 T36.28
Naykoyuwa . ° €24 - - - - 1,760 10.80

Rumitna 22 - - - - - 1,100

36.60
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2) Gully Erosion of Agriceltural Land

The gully crosion was observed at the agricultural land where the main
drainage tributaries are connected. It can be expected that some portion of
agricultural “land has been eroded every year, however, there is no
“information/data about the amount of land lost by gully erosion. The main
drainage tributaries in the Sub-study area are shown in Fig. 1L.7.1." Any damage
caused by the peak discharge of the tributaries has not been informed. The
* gully erosion only occurs at the corinecting part of the agricultural land with
* main tributaries and it was considered that this problem is causcd by the dmcl :
‘ mnofi of rainfall from the agricultural land. : :

s
Ve

3) Poor Drainagc at Iligh Hilly Area

T hcre is some poor drainage area in lhe hlgh hilly area caused by ihe sprmg
“waler. Some terraced lands which are located at the down part by the spring :
~has been not used. At present, the amount of these areas is quite a few and this -
~should-not be the big problem for 'the agricultural activities. However,

considering the cffective land use for (he agricultural dévelopment, there is
_some possibility of land developmem for even a few ha of fand, with drama;ac
Himprovement.

H.2.2 Propesed Counter Measures
% (1) Basic Idea for Land Shiding

The necessary structures of the protection works for enforcement of the irrigation
canals were suggested as’'shown in‘the Data Book V. These siructures . were
designed with a conaduatlon for the proleclmn of irrigation canal and not for the:
‘prevention of land slldmg Ini the’ Study, the vulncrability at the hazard area was.
“investigated and’ ‘cost/benetit of the rchablhlatlon with enforcement of canal were
' roughly analyzed : :

Baswally, the suggested stiuctures caii be one of the prevention works but further -
studies should be required for the proper counter measure if perfect prevention of
the land sliding is cmis‘idered From the result of field investigation, it can be said

- that the cost of prevention work should become qmtc high and the benelit of
connter measure cannot bé countcd -

& . Based ‘o:i the wlnerabilily‘indcwc"the selection of the proper canal route will be one
'«% - of the counleuncasure for. thc }and slidmg for the p1annmg of |rr|nanon
nnprovemenl - o

: (2) Counlér Measm'é for Guily PIrésion

‘The installation of collecting ditch and outlet was proposed as the counter measire
for gully erosion as shown below; :
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General Idea of the Counter Measure

Outiet
- g <
N
§ \
= \ Colicting Ditch
c Py
e \ll@

Based on the rcsult of the llydrologlcal study, the annual maximum direct runoﬂ
discharge from the rainfall for $ year return period was estimated applying the
rational formula and the result is sunmarized as shown below;

~ Estimated Peak Runoff from the Agricultural Land

08 | ———— - — ; % ;
‘ : lobeysa et S T '
: . : N

0.7
06
05
04
03
02
01 ] . o
00 b
SR T T S T

. Peak Runoff Discharge (m’!s). '

:‘_(,omudenng the locatqon of exlstmg, tnbulanes and based on the estimated runofl
discharge, the collecting ditch and outlet were designed prelnmnanly as shown in-
the Data Book V and construclion cost was estimated. The rgsults are summarized
below;

S_umma’ry.o! éonstruct'ioh'('.':ost for Draina:ge S'ys;tem

¢ Sub-Area | Tetdk Drainage Arca(ha): | Constiivtion Cost {1000\'u)
[oboya Col s 2 300 7 528
Bijo . ‘N8 )
Phangyul L 67 186
Rubeysa . 138 278
] Total 623 176

“The drainage system for the prcvention of ‘gully erosion is supposed 1o be
constructed using only approximately 1.2 million Nu; however, it is necessary to
consider decrease of the agricultural production caused by the land clearance for
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the construction. Therefore, further analysis should be required for the
‘constderation of cconomical feasibility before implementation of the construction.

(3) Counter Measure for Poor Drainage Area

The installation of catch drain was proposed as a counter measure for poor
drainage area at the high hilly arca as shown below;

e,

General Idea of Catch Drain

o,

&

- For installation of calch drain, only excavation work i is required and the scale of the

 drain section should not be more than 40 X 40 cm. Considering the phenomenon of

the experimental facility at Phangyul i was expected that the dump area will be

- “able to be used for:more or less one year a!‘ter mslallahon of the calch dram _
‘Hotwever, benefited areais quntc a few ‘ :

1.8 'Rec'ommen(laiion

-For l"urther detailed study and implementation of the 1mgallon |mpr0vcmem p]an the
i fol!owmg con;:derations are recommended. :

. To improvc and reinforéc_of" basic informatioh a"n_d data

For eslabhshmenl of i 1mgallon nnprovemcnt plau some of the basic f‘actors such as
_ rainfall, river ‘runofY discharge, soil ‘condition, ‘etc. were estimated espcually for
~ high hilly area. Cousldcnng more detailed study, it is necessary to'improve and
remforce the following basw information and data at the project site;

- Meteo- h)drological data .

- Geological and liydrogeological data

- Farming condilions such as soil; unit yield and production cost -

- Economical conditiohs such as farm gate price and marketmg syslem
: - “Social conditions such as population ° - o

- Olher basic mf'onuallon

C . To'design irrigalion f‘acilitics considering the site condition -

At present, 2.2 Vsfha of the design discharge has been applied for the irrigation’
facilities at every where 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 not suflicient water at the intake site. Therefore, it -
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- is necessary to decide the capacny of lhc irrigation fac:lmes bascd on the mctco-
hydrotogical condition, cropping pattern, soil conditions, efc. at site.

- To acquire the underslanding and cooperation of farmers

~ From the result of the Case Sludy it can be said that the most effective counter
measure for the irrigation improvement should be improvement of the water
manﬁ‘gement sye!em For the establishmemt of new water management system 11 1$

~necessary Lo get the underslandmg and cooperauon of farmers :

- To'improve the supponing s'y'sleni

The improvement of‘ the facmers financial condluon is one of thc ntain purposc of
the irrigation improvement plan. Constdering the smwooth lmplemcmanon ‘and
achieving the benefit. with project effectiv ely, it is neccssary to support tlu, farmers
Ainancially as well as lechmcally :
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Table H.2.1  List of lrrigation Canals in and around the Study Area

Name Canal |Command| Number of Government _ :
Code of Leogth | Area Benefited Assistance _ Water Source

Canal (Km) (ia) Houschold | IFAD-1 | IFAD-1H
C 1 {Upper Lobeysa 7.1 61 117 Q O Tabe Rongehhu
2 lowei Lobcysa 8.1 300 23 | o Tabe Rongehhu
C3 Rinchengang; : 9.0 65 38 O Nabe Rongchhu
C4 |ome 35 21 25 L.imli Chhu‘
C5 [1am 20 2 u Limti Chhu
C 6 |Sichu 38 52 24 Limti Chhu
7 |Gigu 1.6 T I Limti Chhu
C ;8' T(.)w:gcc .;_3..5 ’ﬁ é(: : 4"5 : . L.im't:i Chhn
C 9 |Bajo lsﬁu_ HE 13 52 O pc'cm;u :
Clo Phang}.:ul; .16.‘0 Lo 42 o Lachu |
C l;i Kf;malhar‘ig 40 7 .40_; : . Ko’métlia:fg'ithh(u
(;1;2 Cl‘-yungs.ekha 69 w | s | o E l,(oimath:mg':Ci;hu
¢13 Lower kashi- 24 20 a7 : 0:7 kehmhéng Chhu
(‘11 Jagalok'ﬁaf 43 16  1 '59 O . I-:(omalhang Ch%hu
¢I3 Genkha 35 15 23 Ushipi | |
C16 |Batakha 10 0 50 o O |Mochuna
C"l’ii Thémakﬁa: 31 40 35 Q O Mochuna
é:ls Nsl'_akha 39 :‘- 2 10 O |Mochuna
c?19 Rutekha: . ;' 22 40 _60;_ . Tak;réng‘ C'hhfuL
C20 [Maphekna 22 27 T e [rakarong Chin
C21 |Naykoyuwa 17 24 18 T;ikarong Chhu
22 |Rumina L1 28 35 Takarong Chhu
Note: © - Planned to renovate from fiscal year |994/95. -
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Table H.2.2 Water Management and O/M of canals (sheet 114)

Name of Canal Upper Lobeysa
Water Users Exists
lAssaciation -

iNumber of water puardq1 person

Payment to water guard]5 N/0.1ha or 1.5 kg/0.1 ha

Major maintenance work is done one time per year betore

||Canal maintenance
vaddy olantatiop

There are 3 major irrigation blocks (wl!ages) rotation of
~ {one dav/night (24 hours) for each irrization block

2

(1) | Changblock .| ' 24 hours

Water allocation

(2) Bab blocké 1 24 nours
(3} |. Wang block . 24 hours,

INameof Canatl - |Lower Lobeysa |

Water Users

N A Does not exist (planned to be formed) -
~lASsociation o _ 10

- [Number of water gﬁard« q peréon (There'are 4 ofitake)

Payment to water guard no payment (waler guard is changcs yearly)

Major maintenance work is done one tnme pei‘ year beforc

: Canal mamtcnance { !
paddy plaitation

~[rotation of one day/mght (24 hours) For each lrngallon S
-jblock : ‘ '
v

0) end block of 24 hours

fiwater allocallon

@] 1 ikl‘)a'_bljogk 3

24 hours

| | @ Babbteck .
| o | J, | 24 hours
L (4) | Chang block
I o
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Table H.2.2 Water Management and O/M of canals (sheet2/4)

Name of Canal

= ==z

Bajo

Walcr Uscrs
| A ssaciation

Does not exist

Nuinber of water guards

2 persons {1 person each from Bajo and Wangjokha/Tangu
villages)

Payment to water guard)20 ~25 kg/ha of rice

Canal maintenance

Major maintenance work is done one time per year before
paddy vlantation

Water allocation

one day/night (24 hours) for 1 inlet or 1 acre of rotation

J |
(1) | RNRRC & NASEPP | 1 day usc

(2) | © Bajo village 5 days usc

v

@3y | Wanjokha/Tangu $ days usc

uillnoa
'I.lllubv

| Phangyul .

- [Name of Canal

WateT UsOrs

Asenaiation

“formed in 1993

Number of water guards

16 persons (1 water guérd feader and 1 peraon each from
Phanevul, Kumchi. (iemkha Chunasekha Hﬂmnﬁkha___..

-+ |Payment 1o water guard|no payment. -

Canal maintenance

- {\ater ailocation ~

2 times per year (before and aﬂer the paddy cultwahon)
A. "Transplanting period - :

Hampekha 1t
_Village :

R

2 l oﬁ\ akes m
other fifour

' 2 weeks

. 24 hbufrs' tor (E)I!_.e" L
offtake (total 21 -

8. after tr'al}splanl'ing

Hampekha Cl}ungsckhé SR _

Village - © Village There are 21
e - | ofitakesintotal
certaln - e ; s : :

L - Gemkba with 24 hours
amount of Do - :
Lo ©Village use by one -
irrigation

: V- offtake,
water ¢an be : ‘
raken . ‘therefore 21
: LKumdu Village days of rotation
“—q.“_"“' — { foritcigation..
Phangyv} : :
Village _
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Table H.2.2 Water Management and O/M of canals (sheet 314)

Name of Canal

Gemkha

Water Users
Association

Does not exist

Number of water guardg | person

Payment to water guard

no payment (water guard not responsible for maintenance wo

Canal maintenance

2 times per year (betore and after the paddy cultivation)

Water allocation

2.1 hours per farmei houschold: rotalion on 26 day interval, (accordmg
to intervicw sunvey, there are 26 benefited houscholds undcr the
Gewkha iriiedtion canal schome) :

Name of Canal Nalakha .
Water Users .

L Does not exist
Assacialion

Number of water guardgwater guard does not assigned -

Payment to water guard

no payment {one year rotation among beneficiaries)

. [ICanal maintenance

Water allocation

*{Name of Canal

“{Na Rutckha
{Water Users Does hoi st
Assnciation oS

- Number of, watcr guards water guiard does not assigned -

Payment to water guard

no paymcnl

: Canal mamtenance '

2 umes per year (before and after the paddy cuhwahon) ;

Water allocatlon

rotation --- 24 hours for 2‘h0usehold‘s {totai houscholds :
70 o : ‘ S Co ‘

Name of Canal

Maphekha

Water Users
Association

" |Daoes not exist -

Number of water guardqone pefson;

Payment to water guard

no payment

Canal maintenance

2 times per year

Water allocation

- Jrotation --- 24 hours for 2 households {total households :

521
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Table H.2.2 Water Management and O/M of ¢anals (sheet 414)

Name of Canal

Rumina

Water Users

[Association

Does not exist

Number of water guards

Payment to water guard

water guard is turnwise during paddy plantation period by

benefited houscholds

no payment

Canal maintenance

2 fimes per year

Watei allocation

rotation of 24 hours per household {total benefited
households ;. 35) . .
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Table H.2.3 Estimated Rainfall and Effective Rainfall in the Study Area (1/2)

(n Rainfait {mim)

_ Return Period 3/2 ,
Sub-arca | Jan. | Feb. | Mar | Apr. | May | Jun | Jul. | Aug. | Sep. | Cct. | Nov. | Dec Annual

Baio 10| 10.6] 14.4] 372.3] 5841353 162.4]133.0] 91.5] 438] 3.6 53] 7066
' [Lobeysa 1041 12.4] 146] 39.3] 60.9] 141.4] 171.8] 147.5] 98.4] 427] 3.4 5.4 7478
Rubcysa 8.2 26.7] 17.2] 57.5] 85.0f198.6]2564]|265.2|1580] 394 21| 40]1118.4
_|Phangyul 76l 307] 17.9] 625 91.7{214.3[279.9]298.4[ 174.6] 383] 1.7] 3.7} 12214 %
| - " Relurn Period 1/ | | s
Sub-arca | Jan. | Fcb. | Mar | Apr. | May | Jun | Jul: | Aug.| Sep. | Oct. | Nov. | Dec |Annual
Bajo 93] s8] 120] 3o 486]112.6]135.1f110.7] .76.1] 3645 3.0] 44| 5878
Lobeysa - .| 8.7 10.3] 12.2| 32.7] 50.8/117.83]143.17122.9] 820 356 28] 43| 6232
Rubeysa sol 22.4] 145] 4841 716]167.1]215.8]2233]133.0] . 33.2] 18] 3.4} 94i5
Phangyu! 6.4 2591 15.1] 527| 77.3|180.7]236.0] 251.0] 147.2f 32.3] L5] 3.13 1029.9

Return Period 1/10
Sub-atea | Jan. | Feb. | Mar | Apr. [ May | Jun | Jul. { Aug.| Sep. | Oct. | Nov. | Dec |Annual

Bajo g3 81| 11.0] 285] s4.6]103.3]124.0]101.6] 69.9] 334] 28] 4.1 5396
Lobcysa 80| os| 112f 00| t6.6] 10828131 5] 122.8] 753} 327] 26F 39| 5721
Rubcysa 6.4 206] 133] ad4| 65.7]153.5{198.2]205.0]122.1) 305} 1.6] 3.1] 8645
Phangyul -| 5.9} 238 13.9] 48.4| 71.0] 166.0]216.8/231.0] 135.2 296) 1.3] 2.9] 9458

: o Return Period 1720
Sub-arca | Jan. | Feb. | Mar | Apr | May | Juin | Jul. '] Aug | Sep. | Oci. | Nov: | Dce fAnnual

Bajo f 78] 761 103] 26.7] 41.8] 96.8|116.1] 95.1] 65.4] 313] 26} 38| 5052 '

Lobeysd . 75| 89| 104} 281 33.6l103.3}123.0]1056] 70.5] 30.6] -24] 37] S8355] - : :

Rubeysa ool 193] 125 413] o443 4]ass. i 191.5] 1141 284 1.s] 29| 807.6] @:ﬁ
W

Phangyul 551 222] 13.0] 452} 66.3]155.0]202.4|2158[126.3] 27.7] 13| 27| 8831]

C * Return Period 1/5 {(Excecdance) _— :
Sub-area | Jan. | Feb. | Mar | Apr. | May | Jun | Jul. | Aug | Sep. | Oct. | Nov. | Dec | Annual
Bajo 147142 19.4] so2f 78.7]182.41218.8| 179.3] 1233} 59.0] 0 4.9{. 12| 9524
Lobeysa 13.9] 1606l 19.5] 52.3] 81.3|188.7]229.2] 196.9] 1314} 57.0f 4.5 6.8] 998.1
Rubcysa | 10.4] 33.6] 1217 7231671} 250 2 3231334301991 39.7] 29[ - 51| 1o9.5]
. Phaugyul o] 383t 22.4] 8ol 114.4] 267.4) 399.2{ 37228 2879 7.7 22| 6| 15437
: 0 Return Period 1/10 (Excecdannee) . . 0 s
Sub-arca | Jan. | Feo. | Mar | Api. | May | Jun:| Jul. | Aug | Sep. 1 Oct. | Nov. | Dec JAnaual]
Bajo : 17.5] 170 23.4] 59.8} 93.7|217.1| 260.5F213.4| 146.8] 703} - 5.8| - 8.6] 1133.6] .
. fLobeysa 16.5F 196] 230| 62.0] 96.2}223.3| 271.21232.9 155.5] 67.4] 54| 8.1| 11810 '
: Rubeysa 11.81 383fF 298] 826]122.20285.3§368.4]381.1§227.0] 56.6] 3.0] ' 5.8} 1607.0
Phangyul 10.7] 43.4] 2531 88.3]129.51302.8]395.4]421.5]246.7] 54.0] 2.4] - 52{ 17254
o Return Period /20 (Exceedance) : : :
Sub-arca | Jan. | Feb. | Mar | Apr. | May | Jun | Jul. { Aug. | Sep. | Oct. | Nov. Dee [Asnual] | ‘

|Bajo 30.5]719.9] 27.1] 701 109.8Y254.5[305.3[250.2{ 172.1} ‘82.4] 6.8) 10.0f 1328.7} o
|Lebeysa 19.2] 2281 269 72.3| 112.11260.4] 316.3| 271.6] 181.3] : 78.6] * 6.2] - 9.4} 1377.1} §'
“FRubeysa | 13.4) 043.2] 27.9] 93.11137.8]1321.7]415.4]4298 256.0] 63.8] - 3.4] 6.6] 1812.1]

fPangyut 1712.0] 86| 28.4f 98.9]145.1|330.21343.0]472.2]276.4] 60.5] 27| 59| 19329]
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Tablo H.2.3 Estimated Rainfall and Effective Rainfalt in the Study Area (2/2)

(2} Effective Rainfzli (mm)

Return Perviod 172

Sub-Arca | Jan. | Feb. | Mar. | Apr. | May | Jun. { Jul. | Aug. | Sep. | Oct, | Nov. | Dec. | Annual
Bajo 10.2] 991 13.2] 30.2] 44.1}:8535] 97.4] %4.4| 638] 345] 35 52| 4819
Lobeysa 9.8] 11.5] 13.3] 31.5] 45.7F 88.2|101.2] 90.9] 67.3F 33.8] 33{ 49| S0I6
Rubeysa 7.8] 22.5] 15.5] 43.5] 60.3]110.6] 124.4) 125.8] 95.5f 316] 2.1] 10| 6434
Phangyul ~ 7.3 25.5] 160] 46.8] 63.93115.2]127.6] 12921 102.4] 309 1.7] 3.6] 6699
_ Return Period 115 . :
Sub-Arca | Jan. | Feb. | Mar. | Apr. | May | Jun. | Jut | 'Aug | Scp. | Oct. | Nov. { Dec. [Anaual
Bajo -8.6] 831 tLI] 257] 37.5F M.6] 854 73.7| 55.3] 296] 3.0) 13] 4172
Lobcysh -83] 9.7 113] 272.0] 389] 77.2] %9.0] 79.7]1 86| 290f 28} 11| 1356
Rubeysa 6.7] 194 13.3] 37.4] 52,51 9941156 117.5] 84.4] 273 1.8] 3.3} 5784
Phaitgynl 6.1] 21.9] 138] 10.3] s55.91104.6]120.5|123.5] 90.8} 267 1.4 3.1 6086
. Return Period 1/10
Sub-Arca { Jan. | Feb. | Mar. | Apr. | May | Jun_ | Jut. [ Aug. | Sep. | Oct. | Nov. | Dec. | Annual :
Bajo 79] _7.7{ 103] 239] 350] 69.9] 80.2] 600 sv4f 275 27| | 3805] .
Lobcysa 7.6] 8.9 104] 250] 36.3] 72.4] 837] 78| s518f 269 25| 38| 4072]
Rubeysa 6] 18.1] 123 34.9] 48.8| 935 tt0.4] t12.s| 79.3F 253 1.6 3] s60
Phaugyu!- 5.7 20.4] 127} 374 52:1] 9894 1158] 119.3] 854| 247 1.3 - 28] 3767
L ~ Return Period 1/20 ' '
: Sub-Arca | Jan. | Feb. | Mar. | Apr. | May { Jun. | Jul. Aug. | Sep, | Oct. | Nov. | Dec. | Annual
- IBajo ' 74y 721 97| 22.5] 332 66.5] 76| 657 486| 260 25| - 37| 3695
Lobessa 7.1) 8.4 98| 236] 344] c88] 797| 70| sig| 254 24| 36| 3861
: Rubc_\'s:i S 1701 115 33.0] 46.0] 821 106.2] 108.3] 754 239) © 1.5] 29| s2.6]
Phangyal | s3] 19.2] 20| 354 492] ot2| 11 7| n1ss) s12] 23.3] - 12] - 2.6] S50
T = :Return Period 1/5 (Exceedance) L
‘Sub-Arca’ | Jan.:| Feb. | Mar. Apr. May | Jun. Jul. Aug. Sep. Oct. | Nov. | Dze. |Annual
1Bajo S13.4] 13.0] 17.2] 386] s68]10s52| 11630 104.4) 798| 445] 17| 69| 6o
Lobeysa' | 12.8] 114.9] 17.2| 40.0] sg2] 1o7.3] nisef106] 83.7] 43.4] 3.4 65| 6i72
Rubeysa. '| 97| 27.6] 189] 53.0] 71.9{123.3) 130.0] 120| 1102| 382] 26| 19| 7208
Phangwal | 8.9 30.9] 19.4| 56.3] 75.5{126.1] 129.2]027.4] 1164 370 2. 45| 7331
_ _ Return Period 1/10 {Exceedance)
‘Sub-Arca | Jan. | Feb. | Mar. { Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec. | Annual
Bajo 15.7] 15.2] 193] 450] 6490 115.9] 1250 114.9] 06| 517 56| 83] 6726
Lobeysa 19| 17.3] 19.9] 464 ¢6.2) 1i7.5] 126.6) 119.8) 914] 99| 52| 79| 6856
Rubeysa . 10| 309 21.1| s89] 79.3]128.2]122.5]125.9] 118.4 429 ‘30| 56| 7527
|phangyut | 10.0] 34.3] 205] 62.1] s2sl 20| 123 6[ 11821226 12| 24 saf 7532
o Return Period 1/20 (Exceedance) . - :
Sub-Area | Jan. | Feb. | Mar. Apr.{ May | Jun. | Jul. Aug. | Scp.| Oct. | Nov. | Dec | Anpual
Bajo 18.0] 17.5] 229 s1.6) 73.2)i24.0] 129.6] 1233} 103.4] S88] 65| w4 7363
Lobcysé 170 19.7] 22.7| 529] 74.4]125.0]129.9|126.6 __l_(_)is 56.7 60} 8% T
Rubﬂsé 12.3] 34.1| 23.5| 646] s6.6]1300]1196| 116.1]124.3] 476] 3.4 6.3] 768.4
Phangyul .2 37.5] 23.8] 671.6] 89.8]129.7| 112.8|102.74127.2] 455} 2.7F 5.7 7557
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Table H.2.10 Water Batance at Offtake Point of Phangyul Canal

(1) Casc of Water Sufficicacy 100 %

Group : C Code: CI0 Name of Canal ; Phangyul
Water Available  |Waler Water Estimated  |Estimated
Offtake No. [Command  {Requircaent]Water for,  [Balance Sufficicncy [Cropping  [Planting
Arca (ha) (/see) - | 1 day (Msecy|  {(Usec) (%) (%) Arca {ha)
No.l | 0.36 1.025] 1.025} 0.000 0.00% 100.00%] .36
No.2 0.93 2.609 20609  "0.000 0.00% 100.60% 0,93
No.3 1.32 3.725 3.725 0.000F 1 0.00% 100.00% 1.32
No.d . +.12 11,596 27.587 15 994 137.90% 100.00%] 1.12
No.j 1,02 2.882 27.587 24.705 857.22% 100.00% 1.02
No.6 872 24,537 27.587 3.050 12.43% £00.00% 8.72]
T NeT 1L66] - - 41.259 27.587 30672 -33.44% -80.12% LM
No.§ 20.45 56.717 27.587 290301 -51.36% 69.18% 13.94
No.Y 210 - 5923 27.587 21.664F.  365.73% 100.00% 2.10
No. 10 2432) . 68461 27.587 -10.874 -59.70% 01 18% 15.61
No.ll -4.12 11.608 27.587 15979] © 137.66% HU00% 1.12
No.12 .99 25,300 27.587 2287] 0 9.04%] . 100.00% 8.99
Total 90.82 255,641 255.641 0,000 100.00% 80.36% 7298
Estimated Cropping Rate without Management Loss 1060.00% '
- |Estimated Cropping Rate wilh Manageinent Loss - 80.36%
Eslimated Management Loss ~19.64%
* (2) Caise of Water Sufficiency 29.4 %
- Group: C © Code; C10 Name of Canal - Phangyal . -
SRRRETRER Water Available = |Water Water |Estimaled; [Estimated
" |ommake No. |Coinmand |Requirement|Water for  [Balance  |Sufficiency. [Cropping Planting
o C“Arcatha) | ¢t iseey 1 day (Ifsced} C (Wsec): (%) T (%) Area (ha) .
co Mol 0 036 F-1.025] L1025 = 0.000 0.00% 100.00% ©os 36
- No2 0.9 2.60Y 2,609 _ 0.0Co S 0.00%] 100.00% - 0.93
S Nod 132 3725 (3725 . 0.000 C0.00%] 0 100.00%] - 1.32]°
© Nod o 4.12 11.596 1.516 -} 081 L35.19%] - TB.89%| 325
No.§: 1.02 2382 7:516 4.634 160.78%| - 100.00% 1,02
No.6 8.72 24.537 7.516 -17.021 69.37%| = 58.38% 3.09
No.7 " 14.66 41.259 7.5106 -33.743 -81.78% 50.93% 747
No.8 20.15 36.717 7.516 -49.201 -86.75%] | 47.95% 9.66
No.9 L 210 5.923 7.516 1.592 26.88%]°  100.00% 210
No. 10 -24.32 63461 7.516] . -G0.O45 -80.02%| - 16.59% 11.33
No.ll ¢ A Y :11.608 7516) ¢ -1092] ¢ -35.25% . 78.35% "3.25
‘ No.12. - 899 . 25300 1.516] - -17.784 S70.29%! 0 0 57.82% 5.20
© Total ° ‘ 90,82 255.641 175,000 -180.641 29.34%!1 0 . 56.14% 5099
Estimated Cropping Rate without Manageincent Loss  37.60% ' I ‘
Estimated Cropping Rate with Management Loss 56.14%
Estimated Managenient Loss : ‘ - 1L40%
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Table H.2.11 Summary of Estimated Water Management Loss

Canal Grope A B C D - E F Toial
_ Code No. Cl C2 Co- Cto. | - Cis C18  JC19-C22 _
Command Area (ha) _ 6] . 300 143 21 5] . 2y 119 58]
Max. Water Requiremncnt (May m3fs)]  0.191] . 0.942]  0.451 0.256F  0.042] 00821 0337] 2301 %%

Casc 1 | Amount of Available Water
at Intaks Site
Sufficiency of Irrigation
‘Water

Estimated Cropping Rate
| without Managemeat Loss
Estimated Cropping Rate
with Managemcnt Loss
Estunatchl:iz;nagcmcnt 1% 9% 1% 20% 11% 25% 21% 14%
[ Estimated Cropping Arca
. {(ha}

oaotf oonf oast] 02ss| oo oes2f e 25m

ov| 100%| 100%| 1002 100%] 100%] 100%] - 100%

100%| 100  100%] 1000}  100%| wo%| 100%| o)

87| 91w 89|  som|  sovel  7sw| 9%l 86%

syal 2mas| 12es|  7a| Al 27| 938] esss|

Case2 | Amount of Available Water} o 17¢] " ggss] 0.378] 0075|0023 eor7f 0assf 1769
; at Intake Site ' '

“Sufficiency of frrigation

T Water -

Estimated Cropping Rate
without Management Loss
Fstimated Cropping Rate
_with Management Loss

' Estimated Management

%] orw|  sam| o 20m| ossw| 93| o osswl o 73%|

asol  ocnal ool ossw| 72l 96t 3%

ssve| - 89|  maw| see) o 70%| 7| 6% 9%

Ectinated Cropping Atea | gy o y676]0 192} sta]. D10s| o 2u2f 778) 5994

(lia)g Sl
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Table H.3.1 Summary of Study Case

H.75

A B C D v
Case Water Canal Water Crop Double Faddy Remark
No. Code Managemeant Capacity Resource Plivessitication Cropping
1 O {Present Condition)
2 A ) B
3 B ®
4 C [ ] .
[ 01, [ 525 Diversitication
6 | D2 ° 10%; Diversification
7 { D3 9 15%0 Diversification
) D4 ® 20% Phiversilication
9 CAB L3 .
10 AC - . e . .
il AD-1 L L] 5% Diversitication
12 AD-2 1073 Diversilicaticn
| 13 AlD-3 5% Piversification
14 AD-4 20% Phversification
15 Be L] ®
16 BD-1 L @ 595 Diversification
7 BD-2 e ® - 10%5 Diversilicalion
18 BD-3: [ ] [} + 15% Diversilication
19 D4 ] M 20% Dnversiicalion
20 CDh-2 * o 335 Diversification
20 CD-3 . ° 10% Diversification -
22 wn4 - L @ - 15% Daversilication
23 {7 €CDS [ ® 20%0 Diversificalion
24 CADBC . L ] L] | o S
"~ 25 ABD @ L) e, ‘ 5% Diversification
26 1 ABD-2 L4 L) E  19% Diversilication
C 27| ABD-Y e [ 3 ‘@ - 15% Iiversification
28 A4 [ o [ ] 2075 Diversilication’
29 | . ACD-1 1] LI L 5% Dvessification .
300 | ACD-2 o * [ B T 10% Diversilication
3o PACD-Y [} Lol ® [ ~ 13% Piversilication
32| P ACDA LD L R i) 20%5 Diversibéation. |
33| BCD1 ® K] [ 5% Diversification
3:[iBCD-2 .. o o | 10%5 Diversilication
35 [1BCD-3- .. L] e - 15% Diversilicalion
3611 BCD : e K .. : 209 Diversification . -
37 1ALCD-2, . . - @ . L 10% Biversitication for Phangyul
33 -} L ABE- e = L . . 20% Nouble Cropping for Bajo
3% ] ABE-2 . ' B [ . 40%5 Double Cropping for Bajo
46 ] "ABE-3 . e . ‘e £0%s Dauble Crapping for Bajo
"] ABES [ ] . [ ] L 100%3 Doutde Crepping lor ajo
Note @ :With Improvement Plan




Table H.3.2 Unit Construction Cost for Irrigation Improvement Plan

Work Item ' Unit Cost {Nu.) Code
I Earthwork :
Excavalion, manual in3 30.61 E-1
Excavation, maching mi 45.92 E-2
Back{ill, manual 3 1538 _ E-3
~ Backiill. machine m3 23.07 - E-4
Embankment, manual m3 34.56 - E-5
Embankinent, machine -m3 | 31.84 - EG
Eadth lining a m2 8.75 E-7
~ Gravel surfacing w2 | 367.96 - E-8
Gravel foundation ' m3 | 206.60 E-9

Sand fill - m3 61.22 E-10

2 Concrete Works ; : :
Reinforced concrete (1:2:4) m3 ' 1.330.73 C-1

In-situ precast concrctc'(l-z-4) _ m3 C 235820 C-2
Foundation concrete (1:3:6) nd 994.38] C-3:
. Plain concrete -m3 T 1.483.75 B o |
Concrete mortar for plaslcnng ooom2h _ 5645 . €5
Wet masonry . “m3 SR 917.08] - C6
' Ccmem.aasonn(u) S my ) 818,54 e
‘Dry masonry : 1 w3 | _ BT KD I 4
Form. type-1 ' i " osigy 0 Ccy
- Form, n-p'c-z - : B : : S 4386 Gl
3 Metal Works | : | | SR DR
‘ StedFlumc for Aqueduct (1= 4) Com2 : . 8513 CM-L .
4 T:mbcr \Vorks : S S S
Wooden plunk for stop log (t= S(l) ©m2 , 23133 0 el
. Timber beanis | cmd | Cas1218] T-2
: Wooden CrOSS lal (t= 20) w3 | 0 62663 0 T3
'S Olhcr W'Olks S e :
CGabion: . ‘_ mdy | 561 76 o
Concrele pipe phcmg (D 1.200), moo _ : 168\ ook P
~ Concrele pipe placing (D=-900) m 1.136.04 P2
Concrele pipe placing (D=760} - m 83078 P-3
Concrele pipe placing (D=500) m o . 530,00 P-4
Concrete pipe placing (D=400), om ©436.03 o Ps
Concrelc plpc phcmg (D=300) m. | - . - 306,49 P-6
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