APPENDIX |

The Study on Groundwaler Develeprwal in Wangduephodrang Oistrict of Bhut:

J.2.2  Domestic Water Supply Plan
(1) Urban Water Supply System

The consteuction work for the urban water supply system is to be executed by the
contractor selected by international compelitive tenders, considering the scale and
~ kinds of the construction works. :

§§ - Construction cost is estimated on the basis of the preliminary desygn and work
L quantitics at a master plan level. Major unit prices are worked out considering local
~ conditions, availabnhl) of materials and equipment and referring to the simifar
international projects. For the cost estimation, foreign and IocaI culrency portions

of the project cost are estimated. :

The project cost comprises of the following costs:

1) Direct construction cost of civil works is estimated principally on lhe unit cost
basis, in which the unit cost for. cach work' item is multiplied by the
corrcspondmg work quantity to calculate the constmgnon cost. The unil cost -

~ includes Iabor material, equipment and O\erhcad cost.

2) (‘ost for impori materials and equipmént are eslimated based on the receat
international contract prices of smular works and considering  the local
conditions. : -

- 3). The adnnmstrauon cost is estrmated at 3 % of the direct conslmchon cost. and
: engmeermg services, and e\cpressui in local currcncy portion.

4 1The phy51cal contmgency cost -is assumcd to be 10 % of tota! derccl

| construction cost for both and foreign currem.y portlom While, the price’

E "contm,gcncy cost i§ not mch:ded in lhose pro;ecl COSts tal\mg, into accmmt of

' the unforeseen esCalahon rales of pnces durmg the Iong time span Of lhel
_unplemenlanon pcnod L R

5) _Only the direc_l conslmclion cost and administration cost are included in the
installation works of house pipeline connection and meter system which are
scheduled to be completed in the final target year and hence thc mstallatlon :
works are to be cxecuted by beneficiaries themselves, :

- ;Applylnlg the same unit construction cost as lhat of' ihe lmg,almn 1mprovemen! plan -

@E‘ S " .as shown Appendix H, the direct conslnu,uon cosl is eslnmated as;shown in Tablc ?

IR " 1.2.1 including the proportion between the foreign and Iocal currcncy The total -
constmcuon cost is summarized as shown below; : -
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Summary of Total Construction Gost for Urban Water Supply
(Urit: Nu. 1,000,000)

Deseription Costs
1. Bhirect Costs 172.%
1.1 Conveyance Pipeline 60.1
1.2 Treatnent and Water Distribwtion Siation 354
1.3 Bistribution Nehworks and House Meters 17.1
2. Eaginccring Senvive kLN
3. Administration Costs 6.2
Sub-total . 234
4. Physical Conlingaicy . o 173
‘Total L 731.2

Based on the lmplementaiton schedule, the anmual disbursement schedule is
comldered as shown in Table J.2.2 and is suminarized below;

Summary Annual Disbursement Schedule for Urban Water Supply Scheme
~{Unit" Nu 1.0G0.0060)

. Year
Weak Jteins, e 1997 | 1998 [ 1965 | 2060 | 2001 J 2002 | 203 [ 2009 206877 3ong T 207
l D irect Construcion Cosls .~ © e [ 98493 F 0 ) {39 ) 3%
_____ S -3 I S O S S PR :
P B4 S I E :
at odHowseMaters . o b b 423 ) 33
2 EngneedngSene 7T g B4 2.3 I 2| Y PUSVINS SO RN
3 Ad-mmshu'mn Costs : : - 03 21 12 04| - . nil o l
) Bub-total : ) 107 720f 10B4] 1446 - ' 4.0]° -IU
4. Fhysical Contingency : } ) : g0 95109 B LK) UEN
Total - ' 107 780 1179] 155 - L 44 44:
* (2) Rural Water Supply Systcm ' _ _ _ _ %

f'Ihc construction work for the mral water supply system is to be execulcd by the -
3local mhabltants usmg> thc Conslmchon maieﬂa!s prowded by the (‘ovemment

%The p'ro]eét cost‘consists‘of direct coﬁsmi’ction cos’,t %m‘d admini'stfatiéh cost. The
direct construction cost is estimated using the same ¢ond|uons of urban water
fsupply system on the basis of the preliminary design'al a master plan level: The
administration cost is estimated at 3 % of the direct construction cost.: The
enginecring service cost is not included and hence the design and supervision
works are to be conducted by PWD engineers. The physical contingency . is not
included in this project cost since each uml construction cost is cshmatc.d wnh
some allowances of uvnl wor!\s

The unit constmclton cost eshmal:on is ]Hescntcd in- Data Book Vi and the

construction costs of each'dévelopment method are summarized as shown in Table ®
323 The pmJeci cost for rural water supply system are summarized as shown = §
’ belowi o -
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The Study on Gmundwa'er Development in Wangduenhodrang Disloict of Bhutar

- Project Cost of Rural Water Supply System
(Lt - 000N

Suh -areaScheme Type {No. Unit (ot - Project Cost
Construction Administration]  Subiotal
Lobeysa Sub-aréa
New Scheme (A} L1 ! 2418 73 2491 2491
New Scheme () 12 ] 2 657 70 617 _ 1354
Extension Schemedtty . | 84 | 1 353 n 364 164
‘ Subiotal 4 ' 4.20%
¢ BajoSub-arca :
%:E; | Now Schome (A) s | 18] Csl e 1.769
: ‘New Scheme (A) Bt | 2 5276) 128 4,404  RR0%
New Schems (C) B2 | 3.066 92 3SR TOR1sE
©Additional Schenze Bt | 1 4276 128 aam SERUE
4 " Subtotal 5 : 15,138
Phangyut Sub-area ] . : . :
New Scheme (A) s} 3 1.718 7] BN 5308
New Scheme (13) 51 ]t 1718 52 L769f P69
New Schene (C) s2 | 7 153 1" 364 ‘ T 2,546
Extention Schenie{A) $3 |3 1718 s20 1769 5308
Subtotal | 14 : . : ) 14932
Rubeysa Sub-area : 0 : ‘
Naw Seheme (A) s1 ]2 1718 C 82 T 1769 R .50
New Schene () 51| 2 353 11 364 S T
Exténsion Schenie(A) - ¢ | 83 | 1 1,718 52 1,769 o nTey
- Extension Schemo(lty - | 84| 2 " 353 . 1 364 ' 727
Water Treatmant Schense ™ |1 S134] “4 (£1:1 R .1
‘ Subtotal - : 8 : = ' 6802
Total k]| 44,080

The . annual disbursement | schedule is sct ‘as shown bclow‘ba%ed -on the .
unplcmen!anon schedule discussed in Appendlx G.

Annuai Dcsbursement for lmp!emenlmg Rura! Water SuppIy Schemes
(Uml I\u 1iENs N}

N R . Yc'u‘
stcc.asdume 1937 0 1958 1 1990 | 2000 2601 | 2002 | 2003 | 2004 | 265 | 2ou6 | 207

wSheme(©) . T ) q o )T N

Extension Scheme () . ] b . : N B P 24
.53.1:’ Su‘t—aregd‘ . : : ) i

}-EWQC?KJECE(ALﬁW T TR NS B

Estersion Stheme (A) 3 53
- BubeysaSubarcs
. i3

. 4 B
. E Neinton Scheme (B)

% ‘ D Wata Treatment Schewe | UL T o e i o TR
: ' T Taid s3[ daj 23] 1esl 26l as| i) - 18] 25T 197 oh

J.2.3° Yrrigation Improvement Plan
The  project cost for irrigation improvement plan is - estimated  based on the

implementation schedule and the necessary structures which are designed on a
preliminary basis as described in Appendix .
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The Stidy 0n Groundu'er Develogment in Wangduephodyarg Disinctof Bhuton

The cost estimation is prepared based on the same conditions as the rural water supply
system. The project cost consists of the construction cost and the research cost for
apptymg optimum diversification crops. The Administration cost and physical
contingency cost is not included in this project cost because each unit construction cost
is estimated with some allowances. The construction cost for ircigation improvenient
plan is estimated as shown in Table 1.2.4 and is summarized below;

Summary of Construction Cost for the lrrigation Imprevement Plan

Calegory o Commoand | Fength Wember | Condiuction
of Sub-Aréa | Name of Canal | Code Arca of Canal |~ of Conl
. Land (ha) ({1 Oitakes {1000 Nu.)
Lowsht  |Loteysa  |Upparlebasa  |CF | - 6l 1 32 1152
Arca Lower] obeysa  JC2 © 300 i 52 027
Bajo Baja (&5 143 150F 5] 5.016
High Hitty [Phangvut |Fhangaul . [C10 91 150 12 236
Area - |Gankha 1 15 AS 12 17
¢ JRubeysa  [Nalakha : [} 29 39 20 19
Rutekha . Cio C A0 22 -3 207
Maphekba = |C20 o n 22 L 148
Navkeywwa . K21 24 vl . 20 13
. Rurmina ez 28 A 15 ]
Total - . . i 758 LR 272 10,216
Based on lhe mlplementauon schedule dascu:sed : A_ppendix H,' the annual

disbursement schedule is also set as shm\n below

Proposed Disbursement Schedule for the lrrigation lmprovement Project
{ueat Ul';\u)

J.2.4 Total Pno;cct (ost

v

- The lotal project cost lor nnplementmg lhe domestic waler snpply plan as well as lhc'f
: 1rr|ganon uuprovcment plan ar¢ estimated at Nu. 289,900,000. Ior the domestic water -
supply plan, Nu. 275,300,000, consisting of Nu. 231,200,000 and Nu.44,100,000 are

-~ estimated for urban and the rural water supply plan, respectively. While, the total cost
for irrigation improvement plan is estimated as Nu. 14,600,000.

~The total project cost and the total annual disbursement schedule are summarized as
shown below. '

1-8

Category | Sub-Arda | Nameof Cansl | Code] - . . Y Yewr . P
af Land : : . i 1enl tow 3"""?1 oot 200 2003 w.u‘ i 2»‘.!]1! 2k -
fowHat:  [Lebeysa: |Uppar Fobeysa o JCH: Be em o | E ; R
Area : P Lo“'crln&:)sn e ; N PN e 15!4 B ; 1 :
o fimge F {nse T RO D S -
Wi 1lly [Fhongyl |Phangyul | [C1O | 257 om | . e
Arza o Gedma dois [T R
S [vowa PN OSSR T B _”_f‘__’_i:_f"f R
' Ruckha  © |C9 IR BT S .
Mabhe“m . (11 T EENYYRNTYT: B :
Naykeytwa (&]] T s el ) Y T
Rl\llliﬂé\ . : : (‘22 e ”-‘55 “._“- Ty T ---'j o i T -: .
Resewch G the Gplimurm Divemsiheation Crop : 487 iy 48y asi] o487 YRR
Anoual Tolal T aas| 2l dead 2711 1sa3] dsi] 48T BT T dsh ot
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Tho $tudy on Groundaler Developmont in Wangduephadrang Oistricl of Bhuton

Summary of Project Cost and Disbursement Schedule
. . (Unite: 1.00G Nu)y
Year order Irrigation Improvenwnt Plan Domestic Water Supply Pan Total

1997 2515 5308 7.823

1998 7.526 17.820 20345

1999 2,661 §0,629 83.201

2000 2471 128,506 134977

2001 1,503 23,116 21619

2002 437 3,515 1026

2003 4%7 1,769 2756

% , 2001 4%7| 1.455 o1z
ﬁt’? 2005 . 187 6.59% ' 7.383
: 2006 ) 487 ‘ 6,263 C 6T

2007 487 o] 157

“Folal _ 14.599 273,303 . 289302

J.3 . Operation and Maintenance Cost
33,1 Domcslic Water Supply Plan
(l) Ulban Water Suppl_v. S}stem

The urban water supply syslem s to bb operated and managed by the D/ongi-.hag,s
Administration. ‘The PWD sccuon of the Dzongkhag is responsible for: the
operation and - management: of water supply syslem from lhc intake to" the' .

"dlstnbulmn pipelines for house connections. - o

% ' " The operali_c’m and maintenance cosis'cbnsi_stzof the following items:

- lhc sa!ary and other necessany e\pendntures for the operation and manncnanm_
- stafy, :

-+ the costs for electric dlargc to operatc thc distribution stauon ‘ -
‘- - costs for chenucals which'are apphcd For treatmg ihc dsstubutcd walcr smh as
, 'chlorme and coagulam and - : :
- 'repalrmg costs, for v.ater supply syslem from the mlake to: thc dl:.lnbmlon :

o 'plpelme [ ; :

(2) Rural Wat_er Supply System
The rural water supply system is to be opé’ra!cd by local inhabitants and fo be
'mamlamcd by Rural Water Supply and Sanitation Section of the Dzongkhag The
followmg operatlon and maintenance’ costs are esumated C S
% o - the salaly and necessm} expendllurcs forlhe opcratlon and mamlcnancc slaﬂ
- - the electric cost to operate well pumips for ift up of groundwalcr and

repalrmg cost for water supply facilities

‘Fhie annual operation and maintenance COsls for both urban and rural water ‘supply
systems are estimated based on the above items as shown below.

1-9
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Tre Sujgon(;‘munc.\\na‘er ﬂevekx;_mmwsrgbeﬁ\o\ﬁang District of Bhutan _ e R —

Qperatioh and Maintenance Costs for Domesuc Water Supply Schemes
: (Vnit NG 0003
1997 | 1998 1999 2000 | 2001 | 2002 | 2003 | 2004 | 2005 i 2000 = 2007
Urban Water Supply s2aa] 0 s262]  swe2]  sxea| 2zi9s| 23124) 23024 224} 231240 26200 26670
© Rural Water Supply | 2s20]  msa| assel  asia] sw gaul  7asd 17N TS _1s68) "8I3
Total 1 mesa| mers]  oav1|  9s7s| 2p032] 30164] 30818 30033 36840) 332180 3a82h

J.3.2 Irrigation Imprevement Plan

T hc 1mgatlon lmprovcmenl plan is to be umplemented by prcsem 01gan|?ahon
' consldcrmg the scale and the construction works of the project. ’lhereforc it 15 not
reqmred to estabhsh any kind of ncw orgamzauon

The’ operatlon and maintenance costs are classifted mto two catcgorles as low ﬂat arca
and h1gh h!lly area. The costs composed of the following 1tems

- For low ﬂat area
= OfM cost for canal paintenance
< QM cost for waler managemcm
- Addmonal O/M cost for double cmppmfb

- }'or high hilly area |
- O/M cost for water imanagenent
- Addtllonal O/M cost for crop dwcratﬁcanon

The anmlal operauon and maunenam,e cost are shown bclow

Operatlon and Maintenance Costfor the Imgahon Water Supply
© {unt I'J(Nb\'u)

Categry. Sub-Area Name ol'Lanal Code : : Year | - .
of Land : D o [rean} vems] 1mea] 2des) reos] zeer| ze03t zoul 2005 23] 2007
t.ow Flat Lobéysa Uppet Lobeysa [ R TR I R Sl g!i n; - :-!; ) _N" . on
Arca : Lower Lobeysa  JC2 B O I S PRSI M R SRR R
Hajo Bajo. e b0 ) - ) Tl osl T om 8 R EI W%
S PR e ey Friomrastanan eT N I IR I B R A IR W s
Area CJeesawa o s | L1 L _.___‘.’ ,,',1'.._."1 "1 npon
Rubeysd Nalakha ’ ClE ! N DS T A1 H' L DI s
Kutekha N _ T T ] DR IR L LIV ¢
Maphekha I I TR SR SR SR IO BN PR A S
Naykeyuwa 1] i 3 7 3 7 i FT
Bumina S jen T s s U sioos
[ CAnnual Folal a 170 153 P4 1d 216 Mo e, el e

J.3.3 [‘otal Opﬂahon and Mam(cuancc Cost

' Based on the operallon and mamtenance cost for each plan tota1 ()f\i cost is.

summanzcd as shown below;

Total Operatlon and Mal nlenance Costs

Descrigtion : 1927. 1. 1928 1533 i) 2')0! 2!)" "UCJJ 2 2065 Jipid 281

© Water Supply : T8 ] B R I R B R L S S ) P
ferigation Ipprovement : . 83 10 ¢ kssp N6 AT R L TR 13 I 1L

Tad R It ) oM 10770 2510 3,233 3,381 386 An 36N} 30

J-10
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Table J.2.1 Direct Construction Cost of Urban Water Supply System

. . {Unit : 1000 Nu)
Dseription Unit | Quantity Forzign currersy Local Currery Tolal
Unit Price | Amount | UnitPrice | Amount | Unit Price | Amounrt
1 Conveyance Facilities _ '
L1 Conveyance pipeling, DCIP 200mm dia.
1.1.: Exeavation for DCIP pipeline ‘
8. Excavation, rock m 3,000 (1] 0.53 1,666 0.53 2,688
b. Excavation, common m 3,790 0 on 1,206 0.21 1,206
1.1 Construction valvé chamber site 29 i} 2541 1317 2541 37
1.1 Concrete fof road crossing, :
| pipe bending, aqueduct site 110 ¢ 13.96 1,538 13.96 1,535
114 Restoration road m . § 10,790 0 T .30 3,237 0.30 3,237
1.2~ Plumbing and valve installation _ _ _
1.2.. Installation DCIP pipeline 0 10,790 0 .10 1,036 0.10 1,036
§:2.% Installation valves site 29 0 4.4 128 4.43 I 2
1.3 Pipe and valve materials .
1.3 DCIP pipes, 200 mm dix. m 10,790 3.8 34,265 ] 3.18 34,265
1.3.2 DCIP bead pipes, 200 mm dia, el 17.12 1,746 0 1702] 0746
1.3.0 Valves pe 29] 185638 5,385 o] 18548 5,385
1.4 Transportation, insurance, efe. T 870 2441 - 3209 ] X 9.44 8,208
" Subdtotat (1) 45,605 tosas| © 60,150
| | 5
2. Treatment Facilities s _ : ) :
2.1 Raw walerreceiving pit Lot 1 - 2,085 138 Lam
22 ' Waicr chemical mixing pipeline Let 1 "I . 63 foorss)
23 Flocoulator » Lot 1 14,493 644 Colis gl
24 Alaminum dosing system Lot 1 15,543 £ 10 18,859
235 | Sedinkutation tanks Lot : 1 :3,165 720 3,888
26 ' Distribution reservoirs et | - S 32 . 2,304 5,523] -
17 ' Repidsandfier | Lot Pl © 18,548 1,079 16,628
28 Wasle water reatment pood 1773 RS | BN BERTT) I L C34e8)
19 . Operstionhouse o el sel s agms|  asas] aaer| | omes] o eass)
210 * O & M Equipment, tools and material | LS. L 7081 o ‘ Cresr]
211 Electical facility L§ ] I 2,217 - ol - T2217
112 Approachroad’ M. 80 0 8$.27 662 - 827 €82
213 Temporary constroction rozd o 40 0 1022 403 w22l - 4%
1.14 - Enforcensent of concrete tanks m? F00 o 0 467 3112 -Y-14 3
215 Transporiation, insurance, efc, FF 600 2044 12,246 ' 0 20.4] 12,246
Subistal(2) 83,609 11,802 95,412
. : [ .
3 - Distribution networks ‘ : : : : : S
3.1 SGPpipetine intallation m " 4,760 -0 0.36 1701 . 036f © 170
32 Plumbing and valve instalfation LS 1 ; -0 : 2,470 R TYD
33 Pipe and valve materials m 4,760 © 108 5119 S o0 £.08 5,119
3.4 House pipeline connection House 3,000 702 7,020 0.78 780 7.30 2,800
Sub-total (3) 12,139 4951 17,091
Totad (13, (21 (3) 145,354 27,293 172,652
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Table J.2.3 Summary of Cost Estimation for Rural Water Supply System (1/5)

. {unit; : Nu)
 Category of Development Methods Case S-1 and Case S-3 (Spring Water, Large)
Description Unit | Quantity Unit Price Amount Remarks
INTAKE FACILITIES
Spring intake and
Coltection tank{3 m3) site 3 157,774.0 473,322
TRANSMISSION FACILITIES
Reservoir tank
10 m3 tank No | 85,601.0{ - 85,601
Pipelines _ _ _ . 3
HDPE pipeline(20 imm dia.) m 3,000 608 182,400
DISTRIBUTION FACILITIES
Pipelines : : '
HDPE pipeline{20 mm dia.) m 12,500| 608 760,000
Break pressure tank - No .5 25,0020 125,010
Public tap o " No 13 6,106.0 91,590] -
. Yotal 1,717,023
.+ | Category of Development Methods| . Case $-2 and Case 5-4 (Spring Water, Small}
5 Work Unit | Quantity | - Unit Price - Amount ~_Remarks
INTAKE FACILITIES o : ' o o
: |Spring intake and % o
" |Collection tank(3 m3) site’ 1l - 1577780 RN
TRANSMISSION FACILITIES |
Pipetines I _ C
HDPE pipeline(20 mmdia) .0 | m- © 2,500 608 - 152,000
Break pressure tank | N T 25,0020 25,002
DISTRIBUTION FACILITIES | : E L
Public tap ' I oMo 3 L 6,1060] - 18,318
Total " 353,094
Categoiy of Developiment Methods] Case T-1 (Water Treatment)
_ Work | Unit | Quantity |  UnitPrice |  Amount - Remarks
TREATMENT FACILITY L
fron filtration _syétem y . : -
Filtration tank(] m3) © No 1 C 25,000
Mangan sand : ‘m3 1400000 98,000
Gravel ° © m3 0| wool - 93
HDP Strainer m 4| 41;0 L 1,660]
Dismantling of existing :
ﬂmnk No 1 . 9,600
Total _ 134,353




Table J.2.3 S'ummary of Cost Estimation for Rural Water Supply System (2/5)

_ {uni(::!il:l
|Category of Development Methods Case B-1 (Groundwater, Jarge)
. Woik Unit | Quantity Unit Price Amount Remarks
INTAKE FACILITIES
Docp well
50 m depth, 10 inch dia. well i §24.400
Well pump
Electrical facilities :
200 Vm*60m*S. Skw Lot 1 450,000
Electrical facilities Lot - 1 361,800
TRANSMISSION FACILITIES ‘
Elevated reservoir{Panel tank) '
15 m3 tank No 1 1,833,638
Pipelines ' o
Gl pipeline(60 mm dia.} m 500 5158 257,500
DISTRIBUTION FACILIFIES
Pipelines : . _
HDPE pipeline{20 me dia.) n 7,000 e8| 42560
Public tap No 20 6,1060] - 122,120
_ “Total 4,275,458
Category of Development Methods ¢ Case B-1 {Sub-surface waler, Large)
. Work " | unit | Quantity |. UnitPrice ' | . Amount ' Redarks
INTAKE FACILITIES o ; " :
Shallow we'il(Lin'er plate) | .
7w, depth, 3.5 m dia. - well 1 - l,001,834 3
Well pump L _ B
200 Vm*30m*2 2kw Lot 1. 338,000 -
Electrical facilities Lot 1 361,800
IRANSMISSION FACILITIES
Elevated reservoir(Panel lank) L L
15 m3 tank o No 1 © 1,833,638
Pipelines .
Gl pipeling(60 mra dia.) m 500 5158 257,900¢
DISTRIBUTION FACILIITES -
; Pipelines - - S : - S :
N IDPE pipeline{20 mm dia.) ‘m 700] - eos|r . azs600
Public tap ' ) ] 61060 122,120
4,340,892

Total




Table J.2.3 Summary of Cost Estimation for Rural Water Supply System (3/6)

_ (unit: :1!2
Category of Development Methods Case B-2 (Groundwater, Sosil) .
Work Unit | Quantity Unit Price Amount Remarks
INTAKE FACILITIIS
Deep well :
50 m depth, 10 inch dia. Well 1 824,400
Well pump
Electrical facilities ,
100 Vm*60m*2. 2kw No 1 " 302,000
Electsical facilities ] tet 1 - 361,800
TRANSMISSION FACILITIES |
Elevated type reservoir(Panet tank)
F? m3 tank No i : 1,252,370
Pipelines i .
G pipelino(50 mm dia.) m 500 3457 172,850
DISTRIBUTION FACILITIES
Pipelines S :
JIDPE pipeline{20 m dia.) m 2,000 : 60.8 121,600
Public tap No s F L 6,106.0 © 30,530
* Total _ 3,065,550
Category of Development Methods _ * Case B-2 (Sub-surface Water, Smali)
: . Work Unit | Quantity Unit Price Amourt " Remarks
INTAKE FACILITIES . ' ' ; : ‘ - '
Shallow well(Liner plate) S
7 ni depth, 3.5 m dia well 1 1,063,934
Well pump i '
100 Vm*30m*1.5kw No. 1 © 270,000
¢ [Electrical facilities : Lot: - 361,800
- JTRANSMISSION FACILITIES® : b S
Zrﬁlqyatéd type rgs:;wbis{Pé}:ei tankf =l D
P m3tank S . No® b 1,252,370
- [Pipetines o o
6t pipetine(so mm dia.) | m 500 : - 3457 172,850
- |DISTRIBUTION FACILITIES ' ' -
. Pipelines
HDPE pipelinc{20 m dia.) m 2,000 60.8 121,600
Publictap L No - 5 16,1060 30,530
Total: 3,316,684




_Tablé J.2.3 Summary of Cost Estimation for Rural Water Supply Systom (4/5) -

Total -

. (unit: : Nu)
| Category of Development Methods Cese L-1 (Spring Water, Latge) '
Work Unit | Quantily Unit Price Amount Remarks
INTAKE FACILTTTES
Spring intake and
Collection tank(3 m3) Site 6 157,774.0| 946,644
TRANSMISSION FACILITIES
Ground type reservoir ' _ _
25 m3 tank No B 130,137
Pipelines o _ ‘ o
HDPE pipeline(20 nun dia.) ‘m 16,000 60.8 364,800]
DISTRIBUTION FACILITEES
Pipclines
HDPE pipeline{20 mn dia.) m 12,500 60.8 760,000
Break pressure tank No ' 5 25,002.0 125,010
Tap stands No . 1$ 6,106.0 91,590
Total 2,418,181
Category of Development Mcthods _ Case L-1 (Groundwaler, Large)
_ Work Unit | Quantity |  Unit Price ‘Amount ' |~ Remarks
NTAKE FACILITIES _
Docp well ' _— _ ' o ,
80 m depth, 10 inch dia. Well 1 P 71,156,680
Well pump ~No 3! 155,000
400Um*100*1 Skw S S
Flectrical facilitics " Lot | . " 361,800
TRANSMISSION FACILITIES
|reservoirtank - _ o]
25 m3 tank” No i N kR 7]
. . [pipelines o > P _
Gl pipe,(80 mm dia ) m 1,000]" 6280 - 628,000]
DISTRIBUTION FACILITIES
Pipelines - s
HDPE pipeline(20 mim dia.) m 12,500 608 " 760,000
Break pressure tank - No . 5 25,0020 125,010
Jfrap stands ‘No ' ‘13 © 6,106.0 91,590
© 3,838,017

o
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“Table J.2.3 Summary of Cost Estimation for Rural Water Supply System (5/5) .
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(unit: : Nu)
Category of Development Methods - Case 1.-2 (Spring Water, Smll) :
Work Unit Quantity Unit Price Amount Remasks
INTAKE FACILITIES
Spring intake and
Collection tank{3 m3) Site 1 157,774
TRANSMISSION FACILITIES
Pipetines ' : :
HDPE pipeline(20 num dia.) m 17,500 60.8 456,000
Break pressure tank No 1 - 25,002.00
DISTRIBUTION FACILITIES L
_fPubtic tap ' No 3 6,106.0 18,318
Total _ 657,094
Category of Development Methods ] Case L-2 (Groundwaler, Smsli) .
Woik Unit | Cuanlity Unit Price | Amount ’ Reinarks
INTAKE FACILIFIES o ' -
Decp well .y
80 m depth, 10 inch dia. Well ! 1,156,630
Well pump = ‘No 1 362,000
100U/m*80*2 8kw =
|Etectrical facilities Lot 1 361,800
TRANSMISSION FACILITES
Reservoir tank a . : :
3 m3 tank No t 64,936
Pipelines ' ik o
G1 pipe,(50 mim dia.) ‘m; 1,000 3457 | 345,700 :
DISTRIBUTION FACILITIES: N j
Pipelines ' ‘ : o s s L :
HDPE pipeline(20 mmdia) = | m | 4,500 608 273,600
Break pressure tink ' No ] 25,002.0 25,002
Tap stends No 3 16,1060 18,318
Total 2,608,036




Table J.2.4 Construction Cost of lrrigation Improvement Plan (1/2)

“""Canal Code Name Command Area (ha) | Canal Length (k) | Design Discharge (V/s)
C1 o Upper Lobeysa 61 1 7.1 . 88
Desciiplion Unit Quantity Unit Price Amount -
Canal Works '
Masonry Canal Typo M3 m 245.00 86208 211,210
Earth Lining Canal Type 83 m 6855.00 38.79 265,891
Chute Type C3 m {height) 8.80 1,576.20 13,871
Chute Type C6 m (height) 66.41 1,485.50 98,652
Offiake Works Type 05 unit 3200 5,708 81 182,682
Sub Total 772,306
Protection Works .
Protection Works Type PA4 m 7.00 6,167.59 43,073
Protection Works Type PB4 m 25.00 1,962.70 49,067
Protection Works Type PC4 m 25.00 " 5,178.40 129,460
Protection Works Type PD4 m 133.20 1,038.96 138,390
Steel Flume Aqueduct Type SFA4 - m 3.60 3,816.52 13,739
Pipe Canal Type PPC3 m 5.00 - 4,125.81 5629
" Sub Total 379,459
Tolal Construction Cost 1,151,765
Canal Code :: Name - . | Command Area (ha) | Canal Length (km) | Design Discharge (Us)
S o7 Lower Lobeysa 300 8.1 434
Descri plion . ~ Unil © Quaniity Unit Price Amount
Canal Works : o ’ _
+ Masonry Canal Typc Ml Lm 871.00 1,292.20 1,125,509
* Barth Lining Canal Type S1 .o m - 7229.00 .59.40 429,384
¢ Chute Type Cl ‘m {height) §9.55 2,651.54 204,230
" Chute Type C3 m (height} . 40.97 1,703 .41 69,789
- Ofitake Works Type 01 “umt o - 52.00 11,512.24 - 598,637
: ‘Sub Total : i 2,427,548
Protection Worlcs f _ . S B Lo
- Protection Works Type PAT ‘m - < 21,50 6,487.69 © 139,485
- Protection Works Type PBI m © 2310 12,794 : 63,045
Protection Works Type PCI “m 2310 - 5,152.75 o 119,028
_ Protestion Works Typs PD1. - m '149.40 - 1,476.10 220,530
 Steel Flume Aqueduct Type SFAL " m 5.80 . .6,740.98 39,098
" Pipe Canal Type PPC | . . m 062 . 1,949.25 18,752
" Sub Total ‘ : : : 599,939
Total Construction Cost 3,027,487

&



Table J.2.4 Construction Cost of Irrigation Improvement Plan _(2!2)

Command Area (ha)

Canal Length (km)

Canal Code Name Design Discharge (I/s)
Cc9 Bajo 143 15 210
Description Unit - Quantity Unit Price Amount
fCanal Works o
Masonsy Canal Type M2 m 614.00 1,238.28 760,301
Farth Lining Canal Type 82 1m 14,386.00 50.92 732,485
Chute Type C2 i (height) 18.00 2,255.39 40,597
Chute Type C4 m {height) 162.00 1,935.38 313,531
Ofake Works Type 4 © unil 35.00 9,810.81 343,378
Sub Total ' : 2,190,293
Protection Works ‘ S ST
Protection Works Type PA2 m 235.90 7,602.83 .+ 1,793,507
Protection Works Type PBB2 ‘m 39.90 2,790.93 111,358
Protection Works Type PC2 ‘m 39.90 . 6,250.68 249,402
Protection Works Type P12 'm 176.70 L 1,525.62 269,577
Steel Flume Aqueduct Type SFA2 ‘m 39.24 670875 263,251
Pipe Canal Type PPC 2 : ‘m - 82.18 1,683.45 138,346
Sub Total : ' 2,825,442
Total Construction Cost 115,015,735
Canal Code Name Command Area (ha) | Canal Length (km) | Design Discharge (Vs)
~ Cl0 - Phangyul 91 : 216 - 150 :
Description - Umt ~ Quantlity Unit Price_- “Amount j
OMake Works Type 4 © unit 32 8,924 285,568
" Canal Cade . Name | Command Area (ha} | Canal Length (km) Design stcharge (lfs)
Ci5 . - Gemkha R L 35 .26
Description - Unit Quantity Unit Price - “Armount :
make Woiks T)'pc 7 ¢ unit 12 3,893 ‘ 46,?16 '
Canal Code - « Name : [ Command Area (ha) | Canal Length (km) Dcsngn D;scharge (I!s)
CI8 ' Nalakha 29 39 AR
g Desenption . " Unit : Quan@' - Unit Price ' Amounl
Oﬂ'take Works T)pc 6 . onit Coe 20 - 5,939 118,780}
Cana] Code Name Command Area (ha) | Canal Length (km) Dcs‘gn Discharge (I!s)
©Cl9 : . Rutekha S 40 Y C6S
¢ Description C o Unit - Quantily - Unit Price_: Amount - -
ﬂJﬂhkevkxk51yp05 ‘unit : 28 © 7,403 207,284
Canal Code Name Commiand Area (ha) | Cansl Length (km) | Design Discharge (s)
C20 Maphekha 27 22 .45
Descriplion - © Unit Cuantity Unit Price L Amount |
OﬂhkeVﬁxks13peG _ unit © 25 5,939 148,475
Canal Codel ', Name - | Command Arca(ha) | Canal Length (km) Design Bischarge (I's)
C21 * Naykoyuwa 24 A .
g DPescription ~ - Uit Quantity Unit Pnice ‘Amount .
Offtake Works Type 6 unit - 20 5.939¢ : '] 18,780
_Canal Code Name Command Area (ha) | Canal Length (km) | Design Daschargc (I!s)
C22 Rumina 28 “1. 50
Description Enit Quantity . Unit Price _Amount
Ofitake Works Type 6 unit 16 5,939 95,024
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APPENDIX-K  PROJECT EVALUATION

K.l BASIS OF EVALUATION
K. Approach

The project evaluation méthod to assess a Water Resources Development Plan for
validity of its implementation includes economic evaluation, financial evaluation and
sacio-cconomic evaluation (effect). Emphasis is placed on the economic evaluation

" since the main objectives of the Plan are agricultural development by irrigation water
supply and urban and rural water supply development, and public profitability is also
emphasised. The financial evaluation is ofiented to the farm household economic
analysis and water charge. The basic approach of the project evaldation contirms to the
methodology and guide line adopted by the international financial organisations and the
adopted paraneters are related toe MOA of Bhutan.

)
Sl

" K.1.2 Counditions of Evaluation

* The evaluation criteria used in the estimation of economic and financial evaluations are
as follows: ' : : . Lo .

a. The prqjécf life is set as 30 years from _l'heg cbmﬁ;ences’nenl_ of l_lﬁ:_ Plan including |
 detailed design period and construclion works period, considering the working . -
. life periods of the main facilities. =~ .~ - o -

- b.. The currency used for: the estimation is the money of the Bhutan
" Ngultrum{Nu). o N T :

. The foteig:}:cxichaﬁgé rate ;'usc'd set as US$ '1.00' = 'N{: 30.85 %as mdn_thly
* | averagé rate of the ofticial foreign exchange rate of the Royal Monctary

- Authority of Bhutan (RMA) as of July 1995. -

" 4.t The prices of agricultural products are farm-gate prices and the prices of |
~ agricultural production input materials and construction materials are prices on
delivery at the production and construction sites. '

e The economic discount rate applied in the ‘evaluation is 10%. This  ligure

- cepresents the opportunity cost of capital for the country, as estimated in recent

= sludies (Study on Promotion of Export Oriented Industries, 1991; Bhutan
i - Power System Master Plan, 1993; An Analysis of Comparative Advantage and
%' L ' Development Policy Options in Bhutancse Agriculture, 1995, ete). -

K.2 - BENEFIT AND COST OF THE PLAN

The project evaluation is made on the Water Resources Development Plan in the Suidy :
Area which comprises of the following plans: L

a. ~ Agricultural Development Plan including Irrigation lmprovenient Plan
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b. Urban and Rural Water Supply Plans including Wangduephodrang Town Plan
K.2.1 Estimation of Benefit

The beaefit of the Plan refers to a difterence of net profit expected between With
Project and Without Project conditions under the water resources development plan
lhrough the whole project life. The project benefits consist of tangible benefits; i.c. an
increase in agricultural production, supply of safe and stable water, a saving effect of
operation- and maintenance cost of irrigation and/or urban and ‘rural water supply
systems, an increase of returns of farmers, ete, and intangible benefits such as a
stabilised food supply, a creation of employmem opporlumlles an improvement of
living standard of inhabitants, etc. Tanglble benefit is dircctly subjected to economic
and ﬁnanc:al evaluations, while intangible benefit is analysed for socio- ccononm
effects. :

K.2.2 . Agricultural Production Benefit

: 'ty Gcncmuon ofl‘ieucﬁt

“The agncullural production beneﬂt is denved from an increase in LI'Op])ll'll._, rate, a.

- change of cropping pattern, introduction of crop diversification, etc., which are -
resulted from improvement of the irsigation systems and effective production -
practices. The. proposed agricultural development plan is prnpared on condition
that most of the farmers in the Study Area would receive some technlcal assistance

from the Government of Bhutan.

2) “Annual Varialion of Beaelit A'ccrual

In the case of With Project condmon lhe gestauon pcuod bcfore maturing of ;

: agncullural production is one ycar since this plan of rehabilitation and constiuction
works' don’t disturb the’ production system during long. time. The berefil is
generated lrom the next year after the completion: of construction works for the

- area which can be m:galcd and the targeted benefit is attained on the’ same year

© after comp!eiton of consiniction works.

On the other hand, for the Without Project condition, some increase in agricultural
~ production is attainable by eflects except for the implementation of the Plan, but at
- the same lime some decrease of producnon is aIao expected on accawit of -

" inappropriate operation and maintenance of lhe existing irrigation sysicms ele.
- Accordingly, the produclion on’ the Wlthout Project condition would not be

: changed and remam conslant as the present condltmn

AGRICULTURAL PRODUCTION B[NEFIT
(l nite: 1,000 Nu.)

HEM With Projevt | Without Projet | Increased Value
Gross Production Value 14,800 11,500 R
Produdion Coxd 6,900 5,300 1.600
Nzt Production Value 7,900 6,200 1,70(L
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“Annual net production value on the With Project condition is about Nu. 7.9 million
and about 1.28 times as on the Without Project condition, and the annual
agricultural production benefit is about Nu. 1.7 million

{3) Saving Elfect of Operation and Maintenance Cost

Actual operation and maintenance cost with a vatue of Nu.325 thousand per year is
a considerable project benefit because of saving effect by canal improvement.

K.2.3 Urban and Rural Water Supplj’ Benefit

- In order to determine the unit water value of domestic use water corrcsponding, to the
willingness to ‘pay, the waier requirement is divided into two categories, minimum
requirement of water for living (45 Vp/d) and the rest. Willingness to pay could only be
proved at the minimum level for lwmﬂ

Inhabitants who have no water supply service must go to streams or springs and obtain
timited living water. The quamlty of water on one trip is averaging 20 litters and it
" needs about 2 hours for going and returning. A laboricus wage in rural area is
- approximately Nu. 55 including meals and drink values, hence, 2 hourz, fabour has a -
~value of Nu.: 13.75. Therefore, it is assumed that people would pay Nu 687. S,m to
_ gel 45 I/p/d of water for living for thc thout Pro;ecl condition.

WATER VALUE ESTIMATION OF MINIMUM WATER FOR LIFE

C Beseriplion - Water Value
: A\ crage Rural Wage (Agrivedurs at l':‘.JS) 55 W day
Average Rural Wage V atuz for 2 hours . 12,75 N30 htters
-t {Water talue - : . o 6875 .\'u_.‘mj

]n .case of water used for the purposes olhcr than llu, mlmmum reqnnement ﬂlc

: followmg conSIderatlon s made = - - - :
If a minimum, wage earner brmgs home Nu_ 1 400 at the end ofa month he may give

3 Ins consent to pay ifs three percent for water rate, and if his family of five uses 18. 75
o’ per month (125 I/p/d), the unit rate per cubic meter would be Nu. 2.24. -

- Hence, the level of willingness to pay hovers betwéen Nu. 2.24 and 687.5. As a result,
it is assumed that it is equivalent to the unit cost per cubic meter, estimated at Nu.
4.53, which comprise capital expenditure and operatlonal cost of water supply-

- activities for the \\'angduephodrmlg town. - =

]

WATER VAI.UE FSTIMATION 0F ACTUAL WA'I'ER SUPPLY SYSTEM

: Dcsmp!mn e o ©peryesr (tho-u a'y Cs perdaym’y

Total waler production i : ‘ C: 285 s T80

© Description Cost : Prosont valoe,

. R {hou. Nu_3t1995) | (thou. N Syear) | (Nusm’) |
Cagital expeaditure 11969, tho. Nu. ot 1990) 1,350| - . 2.255 TR o.26]
Capita] et penditure 11 (1991 thou. Nu, ot 1951) ' 1y s C 3012 B 5 B N E] B
Total capital expenditure © 6.3 182y 169
Tetal menthly QM cost (Nu. a1 1933) 67.333] - . Sokof. o 284

Totalvalug ! ’ 4.583
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The benefits attained from an increased water supply are as follows:

URBAN AND RURAL WATER SUPPLY BENEFIT

(Lt 1,000 Nu )

ftem With Project | Without Projet | Increased Value
Urhan Water Supply 112,800 100 41,700
Rural Water Supply 41,100 18,500 22,600

Total 153,900 83,600 61,300

‘Total annual net water value on the With Project condition is about Nu. 154 million
~and about 1.72 times as on the Without Project condition, and the annual water supply
benefit is about Nu. 64 miltion.

The supply rate of safe and stable water in the Study Area is low. Many inthabitants are
obliged to use surface water, such as river and canal water, which is contaminated by
domestic sewerage and animal excrement. For these inhabitants, the health and
hyg,temc environment is extremely poor and the occurreice rate of waterborne diseases
is high. The benefit from the urban and rural water supply plan is also considered as the
decrease of these diseases and the improvenient of living standard of mhabltanls
However, thns beneﬁt is considered as intangible. -

_1(.2.4' Project Cosls B - B o
(‘apital cast for the Plan lotals Nu. 290 m:lhon over the lO year consmlchon pcnod

and agricultural research activities, as summansed as shown below. The project costs
inchide the cost of constmchon of irrigation facilities and water supply f‘aahhcq

PROJECT COST _
: . {Unite: LO00O Nu }

“Year brder lmgman Iaulmcs : Waler Supply Fayilitics | Tota) ;
N 1,515 s3o8] - 7823
3 2,526]. T1igm| 0 20,316

3 T 2662 80629 £3,191

4 . 2,474 . 128,506 - 130977

5 1,501]: 23116 24619
i AWt 3,539 4,026

7 457 1,769 225

] 387 1,458 1,942

i © 487 6,898 7,388
10 487 £,263 -6.750

1 - a87) o] Cagr)

: ~Annual opcralion emd mamienance O & M) costs aﬂer the compleuon of thei
~ coustruction works are 1ncludcd during the operatlon peériod, Nu. 216, thousand and -

"Nui 2,674 thousand on irrigation facilities ‘and water supply facilities, respeclwely

With the project evaluation period applied, 30 years, no replacement of equipment is

“included. Salvage values at the end of the evaluation period are not included.
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K3 ECONOMIC EVALUATION

K.3.1 Evaluation Criteria

The economic evaluation is to analyse economic effect of the implementation of the

Plan on the basis of economic benefit and cconomic cost as computed at economic

prices in the light of pational cconomy. Based on the incremental benefit and the
: pro;cct cost (initial investment cost or capital cost) and Operalmn and maintenance cost
' of lhe Plan all the prices are converted into cconomic prices. :

: l“ he evaluallon uses threc relevant indexes: ¢conomic net presem vaiuc (i'\lP\’)
econgniic benefit-cost ratio (L B/C) and economic internal rate of return (EIRR), The

- benefit and cost of the Plan which are estimated based on the implementation schedule

- of the Plan are discounted by the opportunity cost of capital through the project life.

The term ENPV is a difference between accumulated benefit and accumulated cost,
and E.B/C is the ratio of the former to the latter. The term EIRR means a discount rate
by which accumulated benetit is equalised to accumulated cost.

The criteria to economically validate the implementation of the Plan are that ENPV is

positive, E.B/C is niore than 1 and EIRR exceeds the opportunity cost of capital. The
Zopporlumty cost of capital (dlscount rate) is social marginal producuvny ot Capnal
- mput in the Plan, and the discount rate is considered to be 10%."

_'K.3.2 Price Convei'sion :

The evaluauon in economic pnccs corrects. ﬁnanc1al prices (markct prices} 10 rcﬂecl _
distortions in the impacts of taxes, subsidies, rents, foreign exchange rate, ctc; and
possibly to reflect distortions of prices of trade commodaly and wages The adjusled
“set of prices is used in the evaluation of the cost and benefit of the Plan; reflecting their
true resource values and thus dctenmmng thc true econom:c returns from the Plan 1o
Bhutan B . L

The 'eco'_nomi'_c prices used in the economic estimation correspoid to shadow prices. To

obtain shadow prices, market prices are subtracled by transfer items othér than real

resources used for the Plan, and the dilferences oblained are multiplied by the

conversion factors to correct distortions of the market prices. However, these
_ cOnversioh f'a'cl'ors are not cstablished by 1he Govemment 'of Bhutan

* On the other hand, thc Ngultmm is lied 0 the Indnan Rupeé at a value of one to. one .
..+ and this situation is likely to remain in the foresccable future, in view of the close tics
% . between the two cconomies. In this sense, tlie export and import p:oducts with India
S could be Ill\ened to sales of produc!s within Bhutan. :

Hence, standard conversion I‘aclor an_d shadow prices are not applied for this economic.
evaluation because of the difticulty in obtaining basic and adequate cconomic data. As.
a sensitivity analysis, however, a standard conversion factor (SCF) of 0.8 is applied to’
local costs. ' ‘
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K.3.3 FIRR, ENPV and E.B/C

" The cash flow for benefit and cost of the Plan is prepared inchiding each of the
following plan to assets the economic viability:

a. Agricultural development plan

b. Water supply plan for the Wangduephodrang Town -

c. Water supply plan for the rural areas

d.” The whole of the water resources development plan {atbtc)

A,
gy

- The'period of evaluation is 30 years of the whole project life. If the evaluation proves
that EIRR exceeds the opportunity cost of capital of 10%, ENPV isposilive and
E B/C exceeds 1, it will be judged that the implemeitation of the Plan is cconolmcalty
validated.

‘The flow of project cost, operation and maintenance cost and the project benefit of the
whole Plan are shown in Table K.3.3. In original case, EIRR is 15.4% and at discount
rate of 10%, ENPV is Nu. 127 million at price for July 1995, E.B/C is 1.53 at the same
© discount rate. Project evaluélion has proven that EIRR exceeds the opportunity cost of
capital 10%, ENPV is posilive and E.B/C exceeds - l It 15 judged - that the:
: unplementauon of the P]an is economlcally smmd : : o :

K.3.4 Smsm\’m’ Anql)sw

: Sens:lwny analysis is done to estimate lhe variation of thie main laclors of the projcct

~ evaluation, and made under lhe fol!owmg conditions: 1) 10% increase of the project
cost; 2) 10% decrease of the ]J!'()_]CCI beneill and 3) 1 )ear delay of the LO!]’!]’!ICIIOII of
.lhc conslmctlon works AR : :

L Increasc in the cstimatéd project cost is atlributed to rise of construction material cost
-and wage and increase in work volume. Decrewse in the project bencfit is almbutcd to
‘increase in the estimated producllon cost, reduction in the' expected yleld and fall in-
“farm-gate price of agrlcultural product, and delay of the comp!elmn of the consimclion

works means delay in occurrence of the benefit.

SENSITIVITY ANALYS!S OF ECONOMIC EVALUATION

. Hem - ' : : IIRRL o) . I\P\ {1,000 Nu.) L m -
Base : . Al v 126,849 R
Project cost increaced Iw) 10%% : C SEV 104,528 A0
* {Project benefd deceeased by 10% - | - . 140] . ¢ . 90,184 ' 1A% L T
-+ [Construction deliyed for 1 yoar T I TR ) 138] L g

Sensitivity analysis has proven that a change in the construction period has stronger
influence on cconomy of the Plan than a change in project cost and project benefit.

A standard conversion factor (SCF) of 0.8 has been applied to local cost componeits,

- _resullmg in an EIRR of 16.8% and at discount rate of 10%, ENPV is Nu. 149 nulhon
and E.B/C is 1.68 at the same discounl rate.
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K.3.5 Urban Water Supply Plan for Wangduephodrang Town

(1) EIRR, ENPV and E;B/C

The flow of project cost, operation and maintenance cost and the project benefit of
only the urban water supply plan for the Wangduephodrang town are shown in
Table K.3.4.4. EIRR of the Plan is 11.1% and at discount rate of 10%, ENPV is
Nu. 20.9 million at price for July 1995, and E.B/C is 1.11 at the same discount
rate. Project evaluation has proven that BIRR exceeds the’ opporlumt) cost of
capital 10%, ENPV is posilive and E.B/C exceeds 1. It is judged that the
implementation of this Plan is cconomically sound. '

)

EIRR is a little larger than the opportunity cost of capital of 10%. However, this
Plan is considered profitable in case that the intangible benefits such as health
~conditions and living standards in the Wangduephodrang town are taken into
account, :

- (2) Sensitivity Analysis

“The result of sensitivily analysis is shown as follows:

| SENSITIVITY ANALYSIS OF URBAN WATER SUPPLY PLAN

Nem . TIRR Gy ¢ [ ENFY (1,000 Nu) EBC
Base . i : LR 20,867 Al
Frojedt cost incréased by 10% c102] . kR EF) 1.02] -
Projeat benet deveeased by 10% 1001 1! .00 -
* {Corstiuction etayed fur § year R E 561 ¢ 100

_.Sensnlwaty analysns has proven lhat a change in lhe conslmctlon per:od has stronger :
mﬂuencc on cconomy of the [’lan lhan a change in prOJect cosl and prOJect benehl

A standard COll\iel‘biOII factor {SCI) ofO 8 has becn appl:ed to local cost componenlq _
resultmg in an EIRR of11. 7% and at discount rate of 10%, LNPV is \Iu '%l 1 mlflson
and EB/Cis'1.17 at lhc same discoiint rate. '

K.3.6 Irrigation Improvement Plan
(1) EIRR; ENPY a‘nd E.B/C

%___ : _ . '] he ﬂow of pro_;cct cost opera‘uon ‘and maintenance cost aid the pro;ect benehl of '

' : “only the irrigation 1mpr0vcmcni plan ‘of the agncullurai dcvdopnwnl p]an are
'shown in Table k.3:5; In the original case, EIRR of the Plan is 11.2% and at
“discount rate of 10%, ENPV is Nu. 525 thousand at price for July 1995, and E.B/C
is 1.09 at the same discount rate. Project evaluation has proven that EIRR exceeds
the opportunity cost of capital 10%, ENPV is positive and E.B/C exceeds 1. It is
judged that the implementation of this Plan is economically sound. The EIRR is a’
little targer than that of the whole agricultural development plan of 10.7%.
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| (2) Sensitivity Analysis

The result of sensitivily analysis is shown as follows:

SENSITIVITY ANALYSIS OF IRRIGATION tMPROVEMENT PLAN

Tem EIRR (%5) ENPV (1,000 Nu.) EBC
Fﬂase 11.2 325 1419
Project vost increased by 10% 19.) 28 1450
Troject benetil decreased by 10% . 102 % 101 %
Construction delayed for | year 10.0 -13 1.00 b E

. Sensitivity analysis has proven that a change in the construction period has stronger .
influence on economy of the Plan than a change in project cost and project benefit.

A standard conversion factor (SCF) of 0.8 has been appiied'to local cost components,
© resulting in an EIRR of 17.0% and at dtscoum rate of 10%, ENPV is Nu. 2.6 millien,
' and 1‘ B/C is 1. 59 at the same d;sconnl rate. -

K4 FINANCIAL f_;\_f_ALUATlON |

K.d.1 Evaluation Criteria

The financial evaluation is to evaluate soundness of financial state of the Plan which
geuerate justifiable profit by the imptementation of the Plan, from the viewpoint of g
project execution organisation and/or beneficiary based oi hnancml bcneﬁl and
financial cost wnh fi nanmal pnces (markel ])rlces) :

K.4.2 FIRR, FNPV and F.Bf(f

~ The evaluauon uses three rclevant mdetcs as same as the cconomm evalual:on
- financial net present value (FNPV), financial benefit-cost ratio (F. B/C) ‘md financial
© internal rate of return (i‘ RR). The benefit:and cost of the Plan: Wthh are estimated.
~ based on the implementation ;schédule of 'the Plan are discounted (by the financial
discount rate through the project life. The term l*NPV is a difference belween
accumulated benefit and accunmulated cost, and F B/C is the ratio of the former to the
fatter. The term FIRR micans a discount rate by whlch accunmlated benefit is cquahsed
o accumulated cost.

1he ¢riteria to fi uaucmlly val:dalc the nnplcmemauon of the l’lan ate thal [M’V i3

positive, F, B/C is more than | and FIRR exceeds the’ financial discount rate. The = , = @
“financial discount ‘rate of IO% which is the rale of i interest of fixed deposit on'the ' g
: Roya] Monetary Authority of Bhutan, is applied for the evaluation. Lo ;

Calculation would give basically the sante results as the calculations preséated above in * -
“the economic evaluation, for reasons related to the approach adopted. At this stage,
therefore, no such analysis is presented.



- APPENDIX K

_ The Study on Grounda dfer {leveiop ment it Wargobvephodrarg Distrct of Btz

K.4.3 Farm Houschold’s Fconomic Analysis

(1) Water Resources Development Plan

Direct beneficiaries of the Water Resources Development Plan are farmers in the
Study Area through the implementation of the agriculiural development plan.
Agricultural net returns have been calculated deducting production costs from
gross production values.

AGRICULTURAL NET RETURNS _
i 5 (L'nite: Nu.)
Sub-Area Cendition per }arm I[otls«.hoid por héctare

Lebeysa  [Without Peojedt’ 14,450 9607
| (wihProjeat o 18en 12380
" [Bajo Withoul Projnt 25,762 9,368
With Projoct POMAID 12476

Fhangyul | Without Project S a4t 4592
With Project 10,202 _ 6256

Rubeysa | Withoot Project ) 51t 5.807

‘ With Project _ . 5915 6715
Average [ Without Progect RS Bt 3Y R178

. With Prjsct : St 15,684 16,442

jAner lhc complehon of the Plan expccted annual ag)ncululrat net returns are
~increased in the range bclwccn 1.16 and 1.33 times (average is 1.28 times) in |
'companson of Without Pro;ect Increased value of agrrcul!ural net refurns are in -
‘the range between Nu.' 804 and Nu.8,548 (average is Nu. 3,270) which is

equivalent to 0.57 to 6.11 man-month of the minimum wages (Nu ] 400) The -
eftect of the Plan is the largest in 1hc Bajo sub -area.

. (2)_Il‘!'igali011 Improvement Plan :

:'Aﬂer the ‘coinbléli&iof the Ifrigaﬁén ll‘ﬂp:rO:VCll]'énl Plan :‘whiéh:inclmies the Bajo
-~ Canal 9 lmprovemcnt Plan and the Phangyul Canal 10 Impmvoment Plan, expécted

annual agncuitural net returns are increased by 1.29 and 1.26 tinies respe«,tlveiy mn '

*comparison of Without Project. lncrcascd value of agricultural net returns are

Nu. 8,548 and Nu. 2,642 which are equivalent to 6.11 and 1.89 man-month of the
nunimum wages (Nu 1,400),

K 4.4 Water Chargc Analysis

Cl'argmg of ‘water: has lhe dual punposcs of reducmg excessive consumpuon and to
cover the costs involved in operating, maintaining and renewing the system. To. make
the water supply plan successful, at least the operation and maintenance costs should:
be paid by the beneticiaries. 1fowever, a deep-rooted conviction remained in the minds
of the people that water would be prowded free of charge by the Govériment,
especially in the rural areas, '
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(1) Water Su pply Plan for Rural Areas

The participation of inhabitants would be very important for the development of a
water supply plan. Without their participation, the chances of a successtul plan
would be slim. It is possible to utilise the inhabitant’s fabour services in the
- construction works. The inhabitants would also be allowed to panticipate in the
operation and maintenance works with a view 1o promoting their enthusiasm for
~ the Plan. Also, the PWD and Dzongkhag are that the Water Supply System would
be self-supporting through the participation of the inhabitants.

(2) Water Supply Plan for Wangduephodrang Town

After ‘the completion of the Plan, annual operation: and maintenance cost is
increased by 5.07 times in comparison of Without Project from Nu. 526 thousand
to Nu. 2,667 thousand. Until now, Wangduephodrang town has not charged water
tanifl for waler supply service. Thimphu and Phuntsholing have been the only towns
where consumers are required to pay for water. Recently, the Urban Water and -
Sewerage Project in Thimphu is proceeding by the Thimphu City Corporation. This -
project provides new tanﬂ rates for water supply which are risen afler 20 ny’ pcr ,
“month. According to thlS new rates, a household of five persons usmg a normal ammmi :
“of water, will have to pay approxuualely Nu. 25.0 a month. .

If Wangduephodrang Dzongkhag would appl) the same water tarift system, alter

the completion of the Plan, Dzongkhag or City Corporation could charg,c Nu. 564

thousand which values approx:malely 21% of lhc whole operation and mamtenance
B cost. :

K5 'sobl‘o'-ECONOMi(j EVALUATION

. As statud bcfore the Plan bnngs aboul direct, tangtble beneht as well as. lhe secoudaay

+or indirect, 1ntang1blc benefit, . whlch is important in rcwewmg vahdlL) ot ‘the

N :mplememauon oflhc Plan.
(1) Contribution to the National Developntent Plan
Implementation of the Plan contributes to the national developmeuil in ensuring
accomplishment “of many objectives of the agricultural development’ and water -
supply plans, which are the important political policies of the agnculluml and water
=supply seclofs ol the natxonal de» elopment plan. :

' (2) S(able Supply of l<ood

Bhutan is 66% self-sullicient in all cereals. It is virlually self sufiluent in maize,

barlcy, millct and buckwheat, but it is only 52% self-suflicient in rice and only 24% -

self suflicient in wheat. To meet the food deficits cereals are imported from India.
Productions of tice and wheat, which are the basic major crops, are maintained and

- become stable wilh irrigation agricultural method. Furthermore, diversity - of
agricultural production beconies possible, because of new crop introduction such
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as vegctab[cs and stable supply of food will be available for pcoplc and contributes
to improve of self-suflticiency rate.

(3) Improvement of Living Standard

As cvidently proven by the financial cvaluation, farmer’s economic surplus is
increased to a great extent by the implementation of the Plan. A rapid increase in
funds in farmer’s economy by far exceeds cost of improving living environment.

(4) Water Quantity and Quality Improvement

Improvement of drinking water supply has two aspects, quantity and quality. The

former is by far the dominant factor, as quality is always attained by the treatment

of water. Increase of water supply would give tremendous impact on the domestic
. users. : '

Increase of the water supply to the existing distribution system would reduce the
- area and time of suppressed use and it will result in reduction of a chance for the
_poor who will suffer from water-borne diseases like diarrhoea typhoid, “cholera,
~worn infestations {hepatills) especially in lhe hot ramy,r season - when' water is
- Contammated Lo

' Expansmn of the watn,r supply area w ould resu!t in lhe overall umprovemem of the
marginal areas of the town econmmcaliy and ecolog:cal]y and has two folded
effects. This is the area where quality aspect of the drinking waler w ould need keen
-attention. i would reduce the incidents of epidemics of water-borne diseases by
- enhancing the standard of hyg1ene This would contribute to build-up of belter
“human reseurces in the area. At the same time n would liberate may womcn“om'-
- and children from the laborlous lask of car r}'mg water [‘rom sources some dtsiame
1 awa} f‘rom the homc P :

(5) Fconmmcal Shmulatlon

As stated, the nnplementatwn of the Plai i mcrcases lhc income of local farmer and
improves the living standard to a great extent. Improved income turihu,r increases
purchasing power of the local farmer and vitalises local commercial activities.
Increased purchase poiver and vigorous commercial activities are expected to

. ‘promote local industiies. In this way, the implementation of the Plan will bring
aboul significant repercussive eflect to Wangduephodrang dlsluci and Imaily o the
economy of Bhutan and not linuted to the Sludy Area.

(6) Elwirdnmen!al Consideralion

The environmental impacts and influence on the confirmed environmental clements
~especially ground water are summarised as follows: Ground water potcnnal is -
- rather poor in the Study Area except for limited areas. Therefore the ground water

resources are scarcely used as a source of drinking water. Pfesenlly, there is no

health hazards connected to the contamination of the ground water resources. The

Water Resources Development Plan in the Study Area involves no ground water

K- 1
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development plan oh a grand scale. Accordmgly, it ‘is considered that thc:

environmental unpact of the ground water would be msngm!lcam
(7) Gg-nder Issue

According to the previous studies, generally in the rural area of Bhutan, women are
~ the prcdommant propnctors whether it concerns the house, land or livestock.
* Ownership gives women a stronger position than men al the houschold fevel.

Women most ofien decide about honsehoid labour mobillsatlon selling of hvcstock

and cashe\cpcnd:ture ' :

“In padd) culuvatlon \\omen provndc more lhan 60% of the !abour lmuatlon

~ Implementation: Plan Whl(‘h increases the we!land area or cultivation ratio couid

 bring relatively more work- for wonien ‘than for men. In other words, irrigation
development would have high positive impacts on wonien more than men.

~ On the other hand, one of the imporlélit' and hard houschold works by the rural

women is fetching water, traditionally carrymg water from streams or springs on -

- long distance. Water supply for rural area could supply water near to the houses. A
' pan of women’s work woufd be dccrease for fetchmg water S

K.6 CO'\!l‘RFl]hNS!VL EVALUATION:
The lmplementauon of presem Water Resources Deve!opmem Plan is Judged as valid

with-the result of economic evaluation and financial evaluation as computed from
tangible benefit: In addition, socio-econoimic inipact evaluated from intangible benetit

is - also judged as .sufticiently - cxpectable. . Large negative impact from the.

- implementation the Plan is not confirnied on the. environmental evaluation and the Plan
is evaluated as a sustainable water resources developmcnt plan - considering ' the
~environment. Moreaver, the mlp!emenmt:on of the Plan is justiticd to be feasible from
view poinls of fechnical suitability and orgam.ratmna! ‘managenient. Accordingly, it is
-recommended that a high prlonty should be given 10 the present Plan l)e :mp!ememcd
in the early smge :

K-12
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Table K.3.1 Cost and Benefit Flow of Agricultual Development Plan (1/2)

E.B/C=
ENPV =
EIRR=

-EIRR-
(Unit: m@;_lilﬁ.)

Year Cost Benefit Present Yalue

in Const. oM Agricul. Saving
Order - - Cosl Cost Tolal Prod. - OM Total Cuost Benefit

1 2,515 ' 2,515 0 0 0 2,515 0

2 2,526 2,526 0 0 ‘0 2,282 0
3 2,662 6 24 4 9 sss 22 AT8

a 2471 120 2590 952 181 1,133 T 1om 835

s Lso3 168 1671 1333 253 1,58 RRIE 1,057
6 487 216 - 703 1,714 325 12,039 423 1228

7 487 216 703 1,714 325 . 2039 382 1,109
8 87 26 703 114 325 2,039 385 1,002

9 487 216 703 4 ms . 2e% 32905
Cfo. . 487 216 . 703 1714 325 2,039 282 818
1 487 216 03 L4 T35 2089 255 139
12 w7 0 ome T3 a5 2039 230 668

3487 a6 703 0 1TH4 325 2,039 208 603

14 4z 26 703 L4 325 0 2099 188 545

15 487 216 703 1714 © 325 2039 170 492

16 a7 2160 . 703 174 325 2,039 153 445
17 Tasr . 16 703 714 325 2039 e 402

8 43 . 216 03 M 25 . 2089 s 363
o 4 a6 030 a3 2,039 I
Y20 o487 . 26 s a4 ;s 2o 1o 29 .
. a6 w03 1M s 20w %2 263 .
22 487 216 703 1714 325 2,039 83 243
B a1 206 703 - 1714 328 2,039 75 29
2 487 216 703 1,714 25 2039 68 198
2 48 216 703 1,714 325 2,039 62 178
26 a1 26 703 . 174 2s 209 6 161
w asm . ome M3 17w s 2039 s 146
g 487 26 703 L4328 1,039 VT Y I
29l a6 03 ama . Cxs o208 4 1P
3 | 481 216 703 1718 TRREY N N
Tolal 23,852 5750 29602 45627 8652 s4219 14084 14084



Table K.3.1 Cost and Benefit Flow of Agricultual Development Plan (2/2)

ENPV and E.B/C
: " (Unit: thon, Nu )
Year _ ) Cost . Benefit _____Present Value
in Const. oM ' Agricul.. © Saving
Order Cost Cost Total Prod. ; OM Tolsl  ° Cost Benefit
1 2515 0 2515 o o6 0 2,515 0 .
2 2,526 0 256 0 0 0 2296 0 .3
3 2682 62 2124 492 93 385 2,251 484
4 247 12000 2891 92 181 13 . 1947 " 851
5 1,503 168 1671 L 1,333 253 186 L4 1,083
6 487 216 703 1,71 35 2039 437 1,266
7 487 26 T3 ama as 209 391 LIS)
8 487 216 03 Lma . s 2089 361 10
9 481 26 703 474 325 2039 38 951
10 487 216 7030 1714 325 2039 . 298 | 865
1 a7 e 030 17 325, 203 . 2 . 186
12 487 16 o703 476 %S . 208 246 TS
13 ay a6 703 L7 35 2009 24 650
14 a0 26 w3 1A oas 2,089 301 591
15 87 M6 03 L4 ns o200 s s &
16 w7 a6 W3 e 35 2099 ¢ 168 48
17 87 26 L 103 L4 35 2039 13 4
18 w7 w6 703 4. ms . 209 0 1Y 403
1 4 w6 03 ma o oms . 209 16 367
20 7 2060 103 1mM4 35 2039 0 ns 33
A 481 26 <03 14 35 2009 104 303
22 e a6 - I3 - LM 325 209 9 206
23 81 26 703 1714 2 2030 8 250
2 87 216 703 1,714 s 2039 1 28
2 187 26 103 - 1,74 35 2039 207
26 487 216 0 703 ¢ LT 352039 . . 65 - 188
7 a7 26 703 - LT . 3s S 20% s 0 .
% A ome o ane oms 20w . s s @
29 - 487 A6 703 0 1,714 325 2039 4y ML
0 . 481 :6 703 a4 3 2039 a4 19
Tosl 23850 T30 29602 45601 8652 SA219 14509 15059
B.B/C=
ENPV =
EIRR=




Table K.3.2 Cost and Benefit Flow of Water Supply Davelopment Plan (1/2)

-EIRR -
(Unit: thou. Nu))
Year Cost Benelit Proseot Vakue
in Cont Const Condt. OM OM  OM Wangd  Rural
Order W, Town Rural A Tetal  W.Town RuralA  Total Total Town Arzas  Tolal Cosl Benefit
I 0 5309 5309 0o’ 0 0 5309 o 0 0 5,309 0
) 210742 7078 17820 0 98 98 17918 0 3538 3555 1549 3074
éf 378083 2545 80628 0 16 16 80784 0 5651 3681 60,418 4,227
4 117929 10580 128509 0 194 194 128703 0 7018, 7018 83243 4539
5.Assss  ns6t A 0 273 273 23389 0 9314 | 984 13082 5,506
6 - 0 3539 3,539 566 333 899 4438 11,516 12030 23,548 C2,147 L 1,391
7 o 170 1710 862 389 | 1251 3021 17,348 M7 ILsES 1264 13,23
g 0 1458 1456 LIS2 447 LEO6 © 3060 23,580 16133 39714 3107 14367
9 4407 2491 6898 1,455 435 1930 T B84 29612 1I%ES 47418 2768 . 14,854 -
10 4407 © 1855 6262 1752 S68 2310 8581 38645 20,509 613 2321 15,19
1 6 ‘0 0 2048 - 626 26T 2674 41677 22605 64282 626 15,041
12 0 0 0 2018 626 261 2674 44677 M5 64282 ML 13,008
13 0 co 0 2048 &6 267 2674 4671 2608 6828 . | 468 1,249
14 o . .0 0 2048 - €26 2674 2674 4677 22605 642820 405 9728
s X 0 0 2048 - 616 - 2674 2674 41,677 M08 - 64282 330 24D
‘g o s 0 0 2048 46 2614 2678 | 44617 2605 64282 303 1 7276
17 o .0 0 2048 626 2674 267 41677 22605 64282 . 61 6192
18 0. ) 0 208 66 2674 267 AL6TT 20605 64282 226 - 5442
1 o 0 0 2048 66 267 2674 i:,én me0s 64282 196 | 4706
20 00 0 0. 2048 626 2674 2674 4L6IT 20605 . 64282 163 4070
F3e 0 0 0 2048 626 26T 2674 - 41677 22605 64282 - 146 | 3,520
2 S IR o 2048 €26 26T 2674 41677 2605 e 1T 30u-
23 0 o0 2048 626 2674 2674 - 4677 2605 64282 W9 2632
24 00 0. 0 2048 626 2676 2674 4677 ME0s 64282 - 95 2206
25 0 G 0 2018 ¢ 618 2674 2674 - 41,677 1603 64282 L8 1969
2. 0 0 . 0 2048 626 2674 2674 41677 22605 64 - T 1702
00 0 10 2048 0 66 1674 2678 AL6T 105 €48 6 14T
28 ¢ 0 Lo 2048 | 626 2674 2678 AL6TT 22605 64282 3 1273
29 0 0 0 . 2048 626 2678 2674 41677 12608 64282 % 10
30 0 0 0 2048 626 2874 2674 A16TT 12608 64282 . 40 952

Tolal 231,123 44,182 275,305 46,757 15472 61219 3:‘7,534 951,4j5 558745 1,510,180 l§l.53l : lQi,532
Note: O/M cost mearis With Project condition minus Without Project condition. -~
EBIC 300" : L

%, . ENPV=
. | EIRR=}
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Table K.3.2 Cost and Benefit Flow of Water Supply Development Plan {2/2)

- ENPY tnd EBC-
_ i (Unit: thou. Nv )
Year ) Cost Benefit Present Value
in Const.  Const.  Consl. OM OM O\ Wangd.  Rusal .
Order W.Town RurslA. Total W.Town RurslA  Tolal Total Town  Areas Tolal Cost Benefit
1 0 8309 3309 0 0 0 5309 o 0 0 5,309 0
2 10742 7018 17,820 ) 98 98 17918 03585 3585 16289 32W2
3 78083 2,545 80628 0 1% 156 0,784 "0 5651 - 5631 65764 4670 §’
4 117929 10,380 128,509 ¢ 194 195 18703 0 2018 7018 96897  $273
S 15885 7861 23,16 0 213 23 1389 . 0 9844 9844 15975 . 6724
C6 00 3538 3339 0 s66 33 835 4438 ILSI6. 12,032 23548 (2,756 14621
7 0 1770 177 . 862 389 1,251 3021 | 17348 14037 31,588 1,705 17829
2 0. 1454 1454 L1947 1606 3060 23380 16,133 39714 1570 20379
9 4407 2491 6898 1455 495 1950 8848 20,612 17865 47478 4128 22,149
10 4407 1,855 6261 1750 568 2320  83B2 35645 0509  S6153 3639 238M4
i o .0 0 2048 - 626 2674 2674 41677 22,605 64282 1,031 . 24783
12 o o 0 2048 626 26 2674 41677 22605 64282 937 22,530
13 0 0 0 2088 626 267 26T 41677 22605 - 64282 852 20,482
14 0 o o 2,048 . _'526' 2574 2674, _41;677 22,@505' =64,232 ST 18620
15 0. 0 0 2048 | 626 . 2674 2674 41677 22605 64281 20416977
16 0 0. 0 2,048 616 2674 2674 416770 22,605 64282 6407 ©18,389
17 0 0 U0 848 626 2674 2674 41677 20605 64280 . U532 1390
18 o o 0 2098 626 | 2674 - 2674 46T 22605 64282 - 529 ¢ 12718 .
19 0 0 0 2048 626 - 2674 2674 ALETT 21605 64282 481 (11562
20: 0 o 0 2048 . 626 2674 2674 ALETT 20605 64282 437 ' 10,50
2% o o 0 2048 626 ' 2674 2674 41677 20605 64282 - 397 9555
c22 “ 0 0. 0 2048 626 7 2674 © 2674 . 41677 22,605 64282 . 361 8686
2y 0 0. 0 2088 626 2674 © 2674 44611 22605 6482 33 1897
24 00 .0 2008 626 | 2674 2674 4461 22605 G482 2% 7AW
25 0 0 1 0 2048, | 616 2674 2674 ALETT 22605 - G182 . 27D . 65%6
26 0 0. 0 2018 - €26 - 26T 2674 ALGTT 22605 €482 . . 28T 593
27 o 6 0 2038 . 626 2674 2674 CALGTT 22605 | 64282 224 5394
28 0 0 0 2048 626 2674 2674 AL6TI 22605 64282 204 - 4903
29 0 0 0 2048 66 2674 2671 41677 22605 64282 185 4458
30 0 0 0 2048 626 2674 261 AETI 22605 64282 169 - 40%2

Total - 231,123 44,182 275305 46757 13472, 62229 3373504 951,435 SSRT4S 1510180 . 234487 350,786

Note: O/M st means With Projavt eondition minus Without Projest condition. o - '
©ENPV=
. EIRR
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Table K.3.3 Cost and Benefit Flow of Water Resources Development Plan (1110)

-EIRR-
- (Unit: thov. Nuw)
Year _ Cost . Benefit . ___Present Value
in  Const.  Coast, oM oM Agricul. Water
Order AgriDev. Wai. Sup. AgriDev. WatSup.  Total Prod.  Supply Tolal Cost Beﬁefut
‘ neve  £3g0 & ¢ 78M 0 0 0 784 0
236 17820 0 98 20444 o Tasss 3355 17,709 0 3,079
3 2660 80628 62 156 83508 S8 . 5651 6231 62657 4679
42471 128509 120 194 131204 . L33 7018 8ISI 85331 5298
s 1,501 23,116 168 273 25060 1586 9344 11430 14,108 6,435
6 487 3,539 - 216 8§99 5041 2039 23,548 25587 2,507 12477
7 487 LTI 216 - 1251 3724 2039 31585 33624 1,573 © 14,203
8 487 458 216 1606 3763 2039 39714 4LIS3 131715277
o487 6898 216 1950 9551 2039 47478 49517 3007 15693
10 487 6262 216 2320 9285 © 2039 56,153 58,192 2549 15975
1487 0 206 267 3317 | 2,039 j 168282 66321 803 15,771
1o 487 o 206 2674 | 3VT 2039 - 64282 65321 696 13,661
3 487 0 216 2674 3,377 2039 64282 © 66321 603 11,833
14 487 0 216 2674 37 2039 64282 66321 . 522 10,250
15 487 0 . 216 2674 13317 2,039 64,282 66321 a2 887
16 487 0 26 C26M. 33T 2039 6828 66320 392 1691
17 487 0 216 267 3377, . 2039 64282 66321 . 339 6662
18 487 0 .26 (2674 337 209 . 64282 66321 294 5770
19 487 - 0. 216, 2674 3377 2039 . 64282 © 66320 1255 4,998
20 . . 487 0 206 2674 3377 0 2009 . 64282 66321 220 7 4330
a1 asr 0 216 2674 337 2039 . 64282 e6:1 191 3,750
7 487 0 206 26747 337 -1,039, 64282 66321 165 - 3,349
23 487 - o 206 2674 33T 2039 64282 66321 143 2814
24 487 0216 261 3377 2039 6428 6632 124 2,437
25 487 0 206 26M 3T 209 6428 66320 108 2,011
2% 487 6 216 2674 331 . 20 6428 66321 93 1829
I R T 0 216 267 3377 2039 61282 . 66321 81 1584
a8 deT 0 216 26M 3377 2019 64282 66,321 00 1372
a0 lagr 0 216 26 AT 20%° 61282 66321 61 118y
3 487 0 206 26M 3377 2039 - 64282 66321 - 52 1030

Towl 23852 275305 5750 - 62229 367136 54219 1,510,180 1,564,450 204,325 208325

EB/C=
ENPV =
EIRR:




Tablo K.3.3 Cost and Benefit Flow of Water Resources Devel. Plan (2/10)

- ENPV and E.R/C -
. (Unit: thou, Nu.)
Year . Cost Benefit Present Value
in  Const. Constt OM oM - Agricul.  Water
Order_Agrsi Dev. Wal. Sup. Agn.Dev. Wat.Sup.  Tolal " Prod. Supply Total Cost  Benefit
1 2515 5309 0 0 7,82 0 0 0 7824 0 )
2. 252 17,820 0 - 98 20444 0 3555 - 3,355 18,58 3,232
12660 80628 62 1567 83,508 585 5651 6237 69015 5154
4 2471 128,509 1200 194 131,294 LI33 7008 8151 98643 6,424
51,503 23,1106 168 -~ 273 25060 - 1,586 9,844 11,430 17,116 7,807
6 487 3,539 26 . 899 5141 2039 23548 25587 3,192 15887
7 487 1,770 206 1251 374 2039 31,585 33624 - 2,102 18,980
3 487 1,454 216 1606 3763 2039 39714 41753 1931 21426
9 487 6898 ° 216 1,950, - 9,551, 2039 47478 49517 4456 - 23,100
10 487 6262 - 216 2320 - 9285 2039 36153 58,192 93938 24,679
110487, 0 216 26T 3377 2039 . 64282 66321 1302 25570
2 48T 0 216 26T 33772039 68282 1 66321 1,184 23245
13 487 0 216 2674 3317 2039 . 64282 66321 1,076 21132
14 487 0 M6 267 33T 2039 6428 6632) 978 19,211 |
15, 48T 0 216 2674 3371 . 2039, 64282 - 66321 889 17464 8
16 487 0 216 28M 33T 2,038 64,382 66321 808 (15877 '
{7 487 0 - 216 267 3377 2039 T 64282 - 66321 735 114,433
18 487 .0 216 2674 331 2039 64282 ¢ 66321 668 (13121
19487 026 267 33 2039 64282 66321 607 H928
20 487 T 26 2674 - 337 2039 64282 66321 . 5520 10,344
21 48T 0 i 26 26M 3377 2039 64382 66321 502 9,358
2 487 0 216267 3371 2039 64282 66321 ¢ 456 . 8,962
23 487 0 216 2674 3371 2038 642827 66321 415 8,147
24 487 0 216 - 2674 3377 2039 64282 66321 371 7407
‘25 487 0 206 2674 3T 2039 64282 - 66321 343 6133
26 . 487 o 216 2674 33770 2039 64282 66321 32 e
27 487 0 216 2674 3377, 2039 64282 66320 - 283 5565
28 481 0 m6 C26m 3317 2030 6482 eesa - 258 sess K
20 a8 0 216 26m 331 2039 6428 es32i 234 4599
30 4870 1 0 N6 26M 3317 2039 64,282 6632 213 4,181

Tota‘l 23,852 - 275,305 5750 62229 367,136 54,279 1,510,180 1,564,459 238,996 365,845

ERIC=
ENPY =
BIRR




Table K.3.3 Sensitivity Analysls: Project Cost Increased by 10% (3/10)

-EIRR - :
(Unit: thou. Nu.)
Year Cost Benefit Present Valug
in  Const.  Const. oM oM Agricul.  Water
Otder AgriDev. Wet. Sup. AgriDev. WatSup.  Total Prod. Supply Total Cost Beneiit
- 1 2767 5840 0 0 8606 - o0 0 8606 0
‘% 2 2979 19602 0 98 22479 0 3555 3555 19687 3,113
3 298 88691 62 156 OL®T . . S8 5651 6237 70442 4784
438 11360 120 194 14392 LIB3 7018  BISL 96998 5476
S 1653 25428 168 213 27521 1386 9344 11,830 (16,192 6,725
6 536 3893 216 899 S5544 2039 23,548 25,587 . 285 13,184
7 536 1947 26 1251 3950 . 2039 31,585 33624 17820 15173
8 516 1,599 216 1606 3957 2039 39714 41753 L,S64 16,502
9 o3 7588 216 1,950 10289 2,039 47478 49517 3562 17,139
10 G s36 G888 216 2,30 9960 . 2,039 SGIS3 | 58192 31019 17641
o 36 0 216 26M 342 2039 . 64282 66321 910 17,608 -
256 0 216 2673426 2039 64282 66320 797 15421
13536 0 216 26M 13426, 2039 © 64282 66321 698 13,506
4 836 o 216 267 3426 2,039 . 64282 66,321 611 11,828
€0 5 s’ 0. ws o 2em 34 203 et 66320 . 5510359
: 6. s 0 206 26M 3426 2039 . 64282 6632 469 9,073
17 536 S0 206 26M . 346 2039 64282 66321 410 . 71996
1810 536 0 216 0 2674 346 2039 64282 66321 - 159 6959
190 U536 0 216 267 3426 . 2039 64282 - 66321 315 - 6005
201 Us36 0 0 216 26T 3436 . 2039 | 64282 . 6632 276 | 5138
21 536 0,206 2674 3426 2039 - 64282 66321 241 | 4675
2 536 0 216 267 3426 2009 64282 66321 211 4094
23 836 0 216 267 3426 ¢ 2,039 64282 - 66321 185 3,586
24 $36 0 216 26M 3426 2039 - 64282 66321 162 3,340
35 S0 216 2674 34160 2039 64282 66320 142 2750
S 26 5% 0 216 2674 03426 2039 685282 66321 124 2409
7 27 5% 0 206, 2674 13426 . 2039 64282 . 66321 109 2,110
B s 00 26 261 346 2039 6482 66321 95 1818
29 Us6 0 . 216 2674 U346 2039 64282 66321 84 (1618
0 536 0 - 216 261 3416 2039 64282 66321 . 73 - 1417

“Total 26,237 3023836 5,750 62,229 397,052 54,279 1,510,180 1,564,439 23],516:231,516‘

EB/C=
ENPV =
EIRR




Table K.3.3 Sensitivity Analysis: Project Cost Increased by 10% (4/10)

- ENPV and E.B/C -
{Unit: thou. Nu))
Year Cost Benchit Present Value
in  Const.  Const. OM oM Apdcul.  Water
 Order AgriDev. Wet. Sup. AgriDev, Wat.Sup.  Tolal Prod. Supply Total Cost  Benefit
I 2767 5840 0 0 8606 0 0 0 866 0
2 2779 19602 0 98 22,479 0 3555 3,555 20435 323
32928 83691 - 62 156 91,837 585 5,651 6,237 75899 5,154 .
4 2718 141360 120 194 144392 . 1,133 7018 8,151 108481 ' 6,124
S 1,653 25428 168 2713 21521 1,586 9844 11430 18798 - 7,807
6 536 3893 216 899 5544 2039 23,548 . 25587 3442 15887
7 536 1,947 216 1251 3950 2,039 31,585 33624 2230 18980
8 536 . 1,599 216 1606. 3957 2039 39718 41,753 . 2030 21426
9 536 7,588 216 1,950 10289 2039 47,478 49,517 4300 23,100
C 10 536 -"6,883 e '2,310' 9,960 2039 56,153 | 58,392 4224 24679
o816 0 206 2678 3426 2039 64282 66321 1321 25570
120 s o0 26 2674 3426 2000 64282 © 66321 . 1201 1 23245
13 0s16 0 206 2674 3426 2039 - 64281 66321 1092 21,i32
18536 0 a6 267 3M6 2039 64282 ezl 992 19211
15 536 0 206 267 3426 2039 64282 66321 902 17464
16536 0 216 2674 3426 2039 64280 66321  $20 15877
7 IS36 0 216 2674 3426 2039 64282 66321 . M6 14,433
I8 U536 0 216 2674 3426 20% . 64282 66321 . C 678 13,121
19T s3I0 0 216 - 2674 3426 20390 64280 66321 616 11,928
0 536 0 216 ' 2674 ¢ 3426 - 3039 64282 | 66321  S60 10,844
20 S36 00 216 26T 3426 - 2039, €4282 66321 | 509 9858
2S00 206 26M 3426 . 20390 64282 66321 463 - 8962
23 336 0 206 - 26M 3426 2039 64282 66,321 421 8,147
24 536 0 2016 2674 3426 - 2039 64282 66321 383 7407
25 536 0 U6 2674 3426 2039 64282 66321 M8 6133
26 536 . 0 206 2674 3426 2039 0 64282 66321 - 316 6121
21 s36 00 216 2674 13426 2039 6182 66321 | 287 5565
8 536 0 26 2674 3436 2039 64282 | 66321 ﬁzéaf 5059 i
29 % 0 206 2674 3426 2039 64281 66321 238 14,399
L 30 536 0 206 2674 13426 2038 64280 - 66321  © 216 4181

Total - 26,237 302836 5750 62,229 397,052 54279 1,510,180 1564459 - 261,317 365845




Table K.3.3 Sénsltlvity Analysis: Project Benefit Decreased by 10% (5110)

E.B/C=
" ENPV

EIRR=

K-2)

LEIRR -
L . (Unit: thou, Nu)
Year Cosl s " Benefit Present Value
in  Const. Const.  OM OM Agricul.  Water
Order AgriDev. Wat. Sup. Agri Dev. WatSup.  Total Prod. Supply  Total Cost _ DBenefit
1 2515 05,309 0 0 7824 0 0 0 784 0
2 2526 17820 0 98 20,444 0 13,19 3,199 17,936 2807
3 2662 ¢ 80628 62 156 83,508 527 5086 5613 64271 4,320
4 2471 128,509 120 194 131204 1000 © 6317 7336 88649 4,953
5 1,503 23,116 168 273 25,060 1,427 ‘.8,860‘ 110,287 14,844 6,093
6 487 3539 26 899 S141 1835 20,193 23,028 2672 11,967
7 487 1770 216 1251 (3724 1835 28427 | 30262 1,698 13,79
B 487 - 1454 216 1606 3763 1835 35742 37,577 1505 15029
9 487 6898 216 1950 9,551 1835 42730 44,565 . 3351 15636
10 187 6262 216 2320 - 985 1835 50538 52373 2858 16121
11 487 0. 216 2674 3377 1,835 57854 . 59,689 91z 16118
2487 0 216 267 3377 1835 STES4 59,689 800 ‘14,141
13 487 0216 267 3317 L 1835 STESE 59,689 L7020 12,405
14487 0 216 2674 0 3377 1835 SI854 | 59689 . 616 10,883
15 487 0 216 2674 3377 1835 57854 . 9689 540 9,548
16 . 487 0216 26M 7 3377 18IS SI854  $9689 474 8376
17 481 0 216 267 - 3377 L1835 51854 . 59,689 416 7,348
8 4g 0 216 267 3377 . 18350 SU854 59689 365 GAd6
19 487 0 26 2,674; 3377 1835 57854 59,689 320 5655
20 . L 487 0 - 216, 2674 . 3377 - 1835 57854 59,689 281 491
21 4wy 0 216 2674 3377 | 1835 57854 59,689 216 4353
22 48T 10 216 261 3377 1835 57854 59,689 216 3819
23 487 0 216 . 26M 3377 1835 ST84 59689 190 3,350
2 487 0 216 | 2674 - 3377 - 1835 51854 59689 166 2,939
25 187 0 216 2674 3377 1835 S1854° 59689 46 2,578
2 87 0 216 267 33T 1835 51854 59,689 128 2,262
21 487 0 216 267 3377 0 1335 SIS 59689 12 1984
28 487 0 216 2674 3377 1835 57854 59689 98 L)
20 487 0 o216 267 3377 11835 - 57854 59689 86 152
30 487 0 206 2674 ¢ 3377 1,835 . 57,854 59689 76 1340
Total " 23852 275,305 5750 62229 367,136 48851 1359,162 1408013 212497 212497



Table K.3.3 Sensitivity Analysls: Project Benelit Decreased by 10% (6/10)

- ENPV and E.B/C-
L (Unit: thou. Nu.)

Year Cost . " Benefit Present Value

in  Const.  Const oM oM Agrcol.  Water

Order Agri Dev. Wat, Sup. AgriDev. Wat.Sup.  Total Prod.  Supply  Total Cosl _ Benefit

LT AL SN L 1t & ¢ 7824 0 0 o0 182 0 -

2 25 17820 0 98 20,444 07 3,199 3199 18586 2,908 %

3 2662~ 80,628 62 156 83508 52T 5,086 5613 69,015 4,639

$ 2471 18500 120 194 131294 1RO 63T 1336 98643 5,512

s 1503 - 23116 168 273 25060 1427 8860 10287 17,116 7,026

6 487 3539 216 899 - Sl41 1835 21,193 23028 3,192 14299

7 a7 470 216 1251 U724 18IS 28427 30262 2002 17,082

g 487 1454 216 - 1606 3763 1835 35742 3577 1931 19283

9 187 6898 216 1950 9551 1835 42730 44,565 4456 20,790
10 0 487 6262 216 2320 9285 i 1835 S0538 52373 3938 22211
T a9 o 216 2674 3377 183 STESE . 9689 1302 23003
g 0 26 zen o 3317 @5 STESE s9689 LISt 20921
g 0 a6 2674 0 3377 1835 ST8S4 ¢ 59689 1076 19019

A TRRTY 0 Tale - 261 33 ims o s18sk  So689 978 17,290

15 487 0 206 2674 3377 1835 57851 @ S96R9 889 15718
16 48T 0 316 2678 - 3T 1835 ST8S4 . 59689 808 14289
1 aw 0 206 267 33T L83 SIS 59689 - S 1299 '
)8 4870 216 2674 3377 183 1854 59689 668 11309

19 487 0 26 2674 3377 L85 S8 59689 . €07 10736

0, 487 o 216 L 26M . 3371 . §835 57854 . 59689 | 552 9,760
0 4810 216 2674 M. IS 57854 59639 S0 8872

2 47 0 216 2674 3377 1835 57854 59,689 4S6 ‘8066
23 487 o 26 2676 3377 1835 57854 59689 415 7,333

24 487 0 216 2674 3377 18IS 51854 39689 317 . 6666

25 487 0 216 2674 3377 1835 51854 59689 33 6,060

2% 487 0 216 . 2674 3377 1,835 0 (57,854, 59,689 M2 5,509

27 s e 216 2674 33T 18IS 5184 59689 283 5008
I 487 0. 216 2,6"?4 3 1,835* 57,854 259,689 | as8 ‘T:",4;553 . g
29 481 0 216 2670 13317 1835 57854 59489 234 419
30 487 0 206 261 3377 1835 ST8S4 59689 213 3,763

- Total 23,852 275,305 5750 62,229 367,136 48,851 1,359,162 1,408,013 238996 329,261

E.BIC
"ENPV =



Table K.3.3 Sensitivity Analysls: Construction Delayed for 4 Year {7/10)

-EIRR-
- (Unit: thou. Nu.)
Year Cost Benefit Present Velue
in Const.  Const oM oM Agriel.  Water
Order Agni Dev. Wal. Sup. Agri Dev. Wat.Sup.  Total Prod. Supply  Total = Cost  Denefit
s 1 2315 5309 0 0 784 0 0 0 784 0
*_% 2 252 17,820 0 0 20346 0 0o 178% 0
3 2662 80628 O 98 ' 83,388 0 3555 3555 64,531 2,751
4 2470 128509 62 i56 131,198 85 5651 6231 89314 4246
5 1,503 23,116 120 194 - 24933 1,133 7018 8151 14931 4388)
6 487 3539 168 273 4467 1586 9844 - 11430 2353 6021
7 487 1770 216 899 3372 2,039 23548 25587 1,563 11858
8 487 1 1,454 206 - 1251 3408 2009 31385 33624 1389 13,708
T9 481 6898 216 1606 9207 2030 39714 41753 3302 14974
10 487 6262 . 216 1950 - 8915 2039 47478 49517 . 2813 1562
8] (487 0 216 2320 3023 2039 SGI53 58192 - 839 16150
2 48 0 216 26M 33T 2039 64282 66321 B2 16191
13 487 0 U216 26M 3377 2039 64282 . 6632l TS5 14244
Bt 487 .0 0. T216 267 13377 2039 64,282 6632l 638 12,530 .
a5 487 o0 216 261 3371 2039 64282 66321 361 11,022
16 487 0 . 216 C26M 3377 2009 64282 66321 494 9696
17 487 - 0. 206 2674 33112039 64,282 66321 434 8530
18 4877 0 00 206 267 3317 0 2039 . 64282 66321 382 7,504
19 487 0 216 2674 3377 - 2039 64282 66321 . 336 6601
20 87 ;0 26 2674 3377 2039 . 64282 66321 296 5807
21 487 . 0 206 2678 33770 0 2039 64282 66321 - 260 5,008
2 487 0 206 2678 3377 2039 64282 66321 25 . 4494
23 487 0 216 2674 3377 2039 64282 €632 201 3,953
24 487 0 . 216 2674 3377, 2039 64,282 66321 7 3477
25 87 0 216 267 3377 2039 . 64282 66321 156 3,059
26 487 6 206 2674 331 2039 64282 | 66321 BT 2691
27 487 0L 216 1 2674 3377 . 2,039 . 64282 . 66321 121 2367
38 41 o 216 0 2674 | 3377 2039 64382 66321 106 2082
% 4 ¢ Cae . 2674 | 3377 2039 6adsr - 66331 93 1832
30 487 O 206 2674 3377 2039 61282 66321 82 1612,

Total 23852 275305 5534 59,555 364246 52240 145808 1,498,138 213010 213010

E.B/C=
ENPV
HIRR = 1347614



Table K.3.3 Sensitivity Analysis: Construction Delayed for 1 Year {8/10) |

- ENPY and F.BIC -
. {Unit: thou. Nu))
Year _Cost L Benefit . PresentValue
in  Const.  Const. OM oM Agricul,  Water
Order AgriDev. Wat. Sup. AgriDov. WatSup.  Total  Prod.  Supply  Total Cost___ Denefit
| 2515 5,309 0 0 7824 0 0 0 7824 0 .
2 2,526 17,820 0 0 20,346 o 0 0 18496 .0 a@\
3 2662 %068 0 98 © 83,388 0 3555 3555 68916 2938 |
4 24m 128505 62 156 131,198 585 SGSI 6207 98571 4686
s 1,503 23,116 120 194 24933 © 1,133 7018 8151 17030 5567
6 487 3539 168 273 4467 1,586 9844 11430 2773 7097
7 487 1770 216 899 3372 2039 23,548 25587 1,903 14,443
8 487 1454 216 1251 3408 - 2039 31,585 33624 1,749 (17,254
9 487 6898 216 1606 9200 2039 - 39,714 . A4L153 4295 19,478
100 487 6260 216 1950 8915 2019 47478 49517 3781 21000
ERTIN'L Y 0216 2320 3023 2009 56,053 . 58192 L165. 22,436
1 487 0 216 2,674 C3377 2009 64282 66321 1184 23245
13 48 0 216 0 267403317 2000 | 64282 66321 1076 21,132
48T 0 216 2674 3377 0 2039 64282 66320 . 978 19211
IS 487 0 216 2674 3377 2039 64282 66321 889 - 17,464
16 487 0. 216, 267 3377 2039 61282 66321 808 = 15,877
YRR R 0 26 2614 3317 2019 64282 66321 | T3S 14,433
18 a8 0 216 2674 3377 2019 64282 66321 668 13,121 .
1948 0 2160 267 3377 2039 - 64282 6632 . 607 11,928
20 - 487 0. . 216 2674 3371 2039 64282 66321 552 10844
20487 0 206 2674 33T 2039 ; 64282 66321, 502 9858
n Ay 0 206 2674 3377 2039 | 64282 6632 456 8962
23 487 0 206 2674 3377 2039 - 64282 66321 415 8147
24 487 0 216 2674 3377 2030 44282 66321 317 7,407
25 4wy S0 216 2674 3377 2039 64281 66321 - M3 6,733
26 4w 0 26 - 2674 3377 2039 (6282 66321 32 612
LT a8 0 216 26740 A7 2039 64282 66321 - 283 . 5,565
847 0 N6 267 3377 . 20090 64282 66321 258 5059 g
29 sy 0 216 26740 3377 12039 . 64,282 1 66,321 234 4,599 :
30 487 0 206 267 3377 2039 64282 66321 213 4,181

Total 23,852 275,305 . 5,534 59,555‘ (364,246 52240 1,445,898 1,498,138 237,396 328,786

pBICs
. ENPV =
EIRR




Table K.3.3 Sensitivity Analysis: SCF is Applied for Local Costs (9/10)

-EIRR-
(Unit; thou. Nu)
Year Cost - o Benelit __ ___ Present Value
in Const. Const OM OM Agricul.  Water
Order AgriDev, Wat. Sup. Agri.Dev. Wat.Sup.  Total Prod. Supply Total Cost  Benefit
- 12012 4247 ) 0 6259 0 0 0 6259 0
g%, 220 15910 0 79 18010 - . 0 3555 3555 15421 - 3,084
' 3 210 76527, 50 125 78832 1 665 S651 6316 51795 4631
41977 120968 9 155 123,197 - (1287 7018 8306 77,337 . 5214
-5 1,202 20,888 - 134 218 22443 1802 9844 11646 12060 6,260
6 390 2831 n 719 4,113 2317 © 23548 25864 © 1893 11,904
7 390 1416 1731000 2979 2317 31585 33902 LI74 13,360
8 90 LI P30 284 3010 2317 39714 42000 1016 14,182
9 3006197 173 1560 8319 2317 47478 4979 2404 14386
10 390 5688 173 1856 8106 2317 S6153 58470 2005 14,464
1" 0. 0 173 2,39 2702 2311 64,282 ‘66599"i 512 14007
120396 0 W3 2,130 2702 . 2317 64282 66599 4% 12,079
130300 0 173 2139 2702 . 2317 64282 66,599 420 10,342
i 3% 0 173 2,139 2702 2317 G 64282 66599 359 8356
15 3% 0 173 2139 . 2,702 2317 64282 66599 308 7,582
6 390 0 i3 2039 0 2702 2317 64382 66599 263 | G6A92
v 3900 173 . 2,139 2702 2317 64282 66599 226 5559
18 30 .0 173 . 2139 2702 2317 64282 66599 193 4760
19 3% 0 . 173 2139 72700 2317 64282 66599 165 4,076
200 380 0 17 2039 2702 2317 .. 64282 - 66,599 142 3490
2003900 0 L A7 2439 2702 2317 68282 66599 | 121 2988 -
7] 30 0 A1 2139 - 2702 2317 64282 66,599 101 23558
23 390 0 173 . 2139 2702 2317 © 64,282 66599 .89 2,191
24390 0 173 2139 2702 2317 64282 - 66,599 % 1876
% 390 0 13 2039 2702 2317 64382 66,599 65 1,606
26 1390 0 173 2139 - 2702 2317 | 64,282 - 66,599 56 1,375
Ccar a0 0. aml o219 2702 2317 64,282 66,599 48 LiT8
2§§: 8 390 0 2139 2702 0 2317 64282 66,595 41 1008
SRR 1 3%0 00 I 20390 2,702, 2317 64282 66,599 - 35 . 863
30 390 0 11 2139 2702 - 2317 64282 66599 30 - 739

“Total 19,082 255,837 "4500 49,783 329,302 61,674 1,510,180 1,571,854 181,169 181,169

E.B/C
ENPV =
EIRR

K-2§



Table K.3.3 Sensitivity Analysls: SCF s Applied for Local Costs (10/10)

-ENPV and E.B/C -
. (Unit: thou. Nu.)
Year Cost Benefit Present Value
in Const.  Const. oM on Agricul.  Waler
Order Agsi.Dev. Wat. Sup. Agri Dev. WatSup.  Total Prod. Supply Total Cost  Benefit
1 2012 4247 0 0 6259 0 6 0 625 0
2 2021 15910 0 79 18010 0 3555 3555 16373 3232
3 2,030 76521 S0 125 18832 665 5651 6316 65150 5220
4 L977 120968 96 . 155 123,197 1287 7018 8306 92559 6240
5 1,202~ 20,888 13 218 22443 1,802 9,844 11646 15329 7,954
6 390 2,831 173 - 719 4113 337 23,548 25864 2554 16060
1 390 1416 173 1001 2979 237 31,585 33902 1682 19137
§. 30 LI63 173 128 3010 2317 397M 42030  LS4S 21,568
9 390 6197 . 173 1560 . 8319 2317 47478 49794 . 3881 23229
10 390 5688 173 © 185 8106 2317 56,153 58470 3438 24,797
o 30 .0 B 2030 2700 2317 64282 66,599 1,042 25677
2. 3% 0 o 2700 2317 6428266599 L 947 23340
13 390 0T 2039 . 2,702 2317 64282 66,599 86l 21,220
4 390 02139 2702 2317 64282 66399 783 19291
s %0 0 1 a9 2700 2317 % 6659 T 11537
16 1390 0 173 2,139 L2702 2317 68282 66,599 . 647 T 5943
T390 o LT 2139 02702 . 23T 64282 66599 ¢ 588 14,494
18 390 o 1 oaBe 2700 2317 61282 66599, $33 13176
I w0 0 W3 a9 2702 2317 6428 66599 486 11,978
20 30 0 173 cap9 2700 2317 . 64282 66399 442 10389
21 3900 0 173 2139 127000 ¢ 2317 64282 66,599 402 9899
2 390 0 Mm% 2702 - 2317 64282 66599 365 8999
2 390 0 173 2,039 2702 2317 64282 66,599 332 8,181
24 390 0173 2,139 2702 2317 64282 66,599 302 7438
23 3% 0 1730 4Be 202 2317 64282 66,599 214 6,761
26 30 0 A7 20390 2702 2317 64282 66599 249 6147
d W0 0 213 2700 2317 64282 66599 227 4588
28 390 0 A 190 i2702 0 2317 64282 66,599 206 5080
29 350 o0 n ‘;2",139’ L2702 2317 64282 66599 187 4618
30 3% 013 239 12700 2317 64282 66,599 170 4,198

. Total 19,082 255,837 4600 49,783 329302 61,674 1,510,180 1,571854 218,524 367,897

CRB/C
ENPY =
EIRR=

K-26



Table K.3.4 Cost and Benefit Fiow of Wangduephodrang Town Plan {1/10)

-EIRR -
. (Unit: thou. Nu.)
Year Cost o Renefit - Present Value
in Const. oM Wangd.
: . Order W, Town W. Town Total Town Total Cost Benefil
.«é}} 0 0 0 ¢ 0 o L0
N 2 M2 ‘o 10742 0 0 9,668 X
3780y 0 78,083 0 0 63,248 6.
4 117,929 0 nIee 0 0 85,972 0
s 18sss 0 15,555 00 10,206 0
6 0 | 566 566 516 11,506 SRRt 6,800
7 0 s s 17548 1548 458 9326
g e LI LIS 2358 23,380 Cosst o 1em
9 4407, 1455 sse2 29612 29612 o 25H 12,748
10 4407 1752 6,159 35645 - 35645 2386 13810
e o 2048 2048 L ALET? . 41T T4 14,532
12 Co 28 o 2048 . TaleT? - 41677 ¢ Cey . 13079
13 0 2,048 28 ALeTT - 4LeT S s18 uan
14 0 - 2088 . 2048 41677 41677 S5 10,594
15 0 a8 2018 4671 - ALETT 469 9,535,
16 0 2018 0 208 416m 4167 422 8581
7 o 2048 2018 - ALGY - 41677 30 7,923
8 0 2048 0 2088 4LeT o Alem . M2 6,951
19 0 2048 2048 ¢ ALGTT  ALET? 307 . 6256
120 o 2o a8 aenm . aenm a1 5630
2i 6 2,048 2008 e MeT . 29 5067
22 0. L2048 2048 e 4 c224 0 4561
23 6 2018 2048 41677 41672 ' 202 4,105
24 0 2,048 2048 41677 ALET? 182 3,694
25 0 2048 2048 41677 41,677 163 3325
26 o 2048 208 . AleT . aen 14T 299
1 0 2018 208 ale Alem 132 269
a8 = o 2o 2048 41em  aem N9 2824
" 29 0 2008 208 Alem - aem 107 2181
0 . 0 2048 2018 4lenm __Anem 0% | 1963
Trol | 2LI23 46751 277880 951435 951435 181623 181623
Note: OM cost means With Pr ject condition minus Without Project condition.
EB/IC= '
ENPV =
EIRR =
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Table K.3.4 Cost and Benefit Flow of Wangduephodrang Town Plan (2/10)

- ENPV and E.BIC -
. {Unit: thou. Nu.)
Year Cost ___Bemfit Present Value
in Const, oM Wangd.
Crder  W. Town W. Town Total Town Tolal Cost Benelit
1 0 0 0 e 0 0 0
2 10,742 0 10,742 0 0 9,765 0
3 78,083 40 78,083 0 0 64,531 0
4 wee 0 u1m9 0 0 88,602 0
5 15,555 0 15,555 0 0 10,624 0
6 0 566 566 11,516 11,516 351 7,150
7 0o 862 862 17548 17,548 487 9,905
8 0 LIS 1,159 23,580 23,580 595 12,100
9 14407 . 1455 5,862 29612 29612 2,235 13,814
10 3407 - . 1752 6159 35645 35645 2612 15,117
. L 0'5 L2048 0 20480 41677 11677 79% | 16,068
12 Lo 208 0 2048 4LETT . ALeTT N8 14607
3 o 2048 2048 AT 4LETT 653 - 13219
4 0. 2048 0 2048 T 4LETT 41677 93 120M
s 0 20 2048 44677 41677 539 110,975
16 o 208 2048 41677 41677 490 9,977
7 0208 208 4161 AT 446 9,070
18 S0 2048 2048 1 41677 - 41677 405 8,246
9 0 apf8 2048 . ALETT 4167 368 14%.
20 0 ao4s . 2048 . L AIETT 4167 a5 6814
i 0 2048 2,048 1617 41677 304 6,195
2 0 2088 | 208 41677 41677 m o sen
23 0 2048 2048 4167 41677 232 5,120
24 0 2,048 2048 . ALETT 41,677 229 4,654
25 0 2,048 2,048 41677 41,677 208 4,231
26 0 2018 . 2,048 1677 46T 189 3,847
27 0 2048 . 2048 A6 4167 i 3497
28 0 208 L2048 o 4167 41677 Cise 13019
29 0 2048 | 2048 - 41671 i ALETT 142 2890
300 2048 : 2,048 41,677 41,677 129 2627
Total | 231,123 46,757 277,880 951,435 951,433 187,697 208,565
a Note: O/M cost means With Project condition minus Without Préject condition.
CEBICS
 ENPY= -

EIRR=




‘Table K.3.4 Sensitivity Analysis: Project Cost Increased by 10% {3/10)

-EIRR -
{(Unit: thou. Nu.)
Year Cast Benelid . Present Value
in Const. oM Wangd.
Order  W.Town  W.Town Total Town Total Cost Benefit
. i 0 0 0 0 0 0 0
¥ 2 11,816 0. 11816 0 0 10,727 0
3 ssgol . 0 8589 0 0 70,784 0
4 129722 0. 129722 0 0 97,049 0
s mm o im0 0 g 0
6 0o s 566 11516 11516 M9 17,100
7 o s 82 1758 11548 4 9,822
8 o L1se 1159 23580 23,580 539 11,981
9 asa8 1455 6303 29612 29612 2907 13659
100 ass . 1752 6599 . 35645 35645 2763 1492
. o 208 208 46T 467 719 1580
1”7 o a4 dpds o ALem  ALeTT o W01 i43s
n o a0 28 4lem e ez 13056
14 o 2048 L2048 41,677 4_1,671 S iss2 -""11,35'2
15 0 3048 208 ALETT  4leTr 59 10760
16 0. 2048 2048 41677 416T) 480 . 9,768
17 0 2048 3048 41677 41677 L w6 8867
18 "o 2048 2018 AL67T - ALETT 36 BOSO.
19 0 208 2048 1 41677 Caienr 359 C 7308
20 0 2088 2048 | 4L6T7 41677 36 661
21 0 2018 2088 AlelT . 6T W6 60
22 o 2018 2o 416w 416m 269 5467
23 o 2088 2048 AL677 - ALETT 244 4963 -
24 0 2048 - 2088 ALETT ALEM 2w, 4508
5 -0 2,048 2048 41677 41671 - 4,090
26 0 aps - 2018 . 4677 AL6TT. - 182 3713
27 o amE 208 seTT  AL67T 66 33
g8 = S0 208 08 4T 417 L0 3,060
| 2 S aM8 . 2048 - AL6TT - ALeTT . BT 278
30 0 208 2048 41677 41677 24 2502
Total - 254235 46751 300992 951435 951435 - . 204,497 204,497
E.B/C=
ENPV =
EIRR =




Table K.3.4 Sensiivity Analysls: Project Cost increased by 10% (4/10)

-ENPV and E.B/C -
B (Unit: thou. Nu.)
Year _ Cost Benefit Present Value
in Consl. oM Wangd.
Order W. Town . W. Town " Total Town Total "Cost RBenefit
N 0 0 0 0 0 0 0
2 11,816 0 11,816 0 0 10,742 0
P03 85,891 0 85,891 0 - 0 70,985 0
4 129,722 o 192 0 0 97,462 0
s 17,11 o - 171 0 0 11,687 0
6 0 566 s66 11516 1,516 351 7,150
7 0 862 862 17,548 12,548 487 9,905
8 0 1,159 1,159 23,580 23,580 595 12,100
9 4,348 1,455 6303 29612 29612 2,910 - 13,814
10 4,848 1752 6,599 35645 - 35645 2799 15117
Y 0 - 2048 2,048 41677 . 41677 - 790 16,068
12 0 2,048 2018 . 41677 41677 718 14,607
13 0 2048 2,018 41,677 41677 653 13,279
14 0 2,048 2048 N 41677 593 12,072
15 0 . 2048 2068 . A16T7 N6 539 10975
16 S0 3048 0 2048 4167 41677 490 9,977
17 0. 248 2048 - 41677 41677 446 9,070
15 0 2048 2,048 | ?4;1,6775 41,677 405 8,246
19 Lo ams 208 aen o alem 68 14%
20 02018 a8 AT 4Lem 3350 0 6814
2 S0 2048 2048 ALETT  ALETT 34 6195
22 Lo 2018 2048 . ALEIT | 4L6TT DA 5632
23 0 2,048 2,048 41,677 41,677 - 252 5,120
21 0. 2048 2,048 Al677 - A617 229 4,654
25 0 . 2018 - 2,048 A6 4167 208 41
26 0 2048 . 208 A6 41677 189 3817
PR 0 2048 2048 ALGTT. | 41677 in 3,497
2 0 208 2018 46N 4167 e 3am
29 o - .2m8 2048 g6 AeM 142 F 2890
30 - ‘0 2048 2,04s=‘ 416717 41,677 129 2627
Total '~ 254,235 - 46757 - 300,992 951,435 951,435 205,442 208,565
EB/C=
ENPV =
EIRR=
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Tablé K.3.4 Sensitivity Anatysis: Project Benefit Decreased by 10% (5/10)

K-311

-EIRR -
(Unit: thou. Nu.)
Year Cost Benefit Present Value
" in Const. oM - Wangd.
Order W.Town W.Town Total Town Total Cost Benefit
1 0 0 0 0 0 0 0
2 10,742 0 107142 0 0 9,765 0
13 78,083 0 78,083 0 0 64,53 0
SFRERETV XV I 0 117,929 0 0 88,600 0
5 15,555 0 15555 0 0 10,624 0
6 0 566 566 0 10,364 10,364 351 6,435
7 0 862 862 15,793 15,793 187 8915
'8 0 Lise L1592l i 595 10,89
9 4407 14SS ss62 26651 . 26651 2,735 12,432
10 . 4407 . 1152 6459 . 32080 ‘32080 2612 . 13,604
o 0 20 2048 31509 31509 %0 14461
12 o a0 2,048 37509 37,509 718 13,146
13 o 2088 2048 37,509 37,509 653 11,951
S o 2088 2,018 37500 0 37,509 593 10,864
15 0 2048 2088 3508 37,509 539 - 9877
16 o so18 2048 3509 - 31,509 490 8,979
1 o 048 2088 TS0 o 31509 146 8,162
8 0 Cg0e8 L2048 | NS00 37,509 . 405 7,420’
19 0 2048 2088 0 31509 37,509 6. 66
20 o . 2048 2048 37,509 | 37,509 335 6132
21 0 208 048 37,509 ¢ 37,509 - 304 5,575
n o 2048 ¢ 2088 31,509t 37,509 L s068
23 0 2,048 2048 31509 31,509 252 4,607
2 0 2048 - 2,048 31,509 37,509 229 4,188
il ‘o 2,048 " 2,048 37,500 - 37,509 " 208 3808
26 o 208 2088 137,509 37,509 189 3461
7 6 20 208 31509 3509 172 3,147
28 0 2048 12088 37,509 37,509 - 156 - 12,861
29 o 208 2,8 31509 37509 2601
30 0 2048 2,048 37,509 37,509 120 2,364
Toal 231,123 46757 277880 856291 856291 187,694 187,694
E.B/C=
ENPV =
EIRR=



Table K.3.4 Sensitivity Analysls: Project Benefit Decreased by 10% (6/10)

- ENPV and EB/C - |
L {Unit: thou. Nu_l
Year Cost . Benefit Present Value
in Consl. oM Wangd.
Osder W.Town  W.Town Total Town ‘Fotal " Cost __ Benefit_
Bt 0 0 0 0 0 o 0
2 Y 7%} 0 0 9,765 o g
3 78,083 o 78083 0 0. 64,531 0
40 119 o 117929 0 0 83,602 0
515555 0 15,555 0 0 10624 0
6 0 566 566 10364 10364 381 6435
K 0 862 862 15793 15793 . 487 8915
8 0 L8 LIsY 2222 222 595 1089
o | ager  1ass sger. 26651 266510 2735 12,432
10 407 S5 6159 32080 . 32,080 24612 13,605
T e 20 o2 s asos. D70 1446l )
12 0 2m8 208 W9 ase o Ms BT
13 0 2048 - 2048 37,509 .3U509 653 (11952
" 0 2018 2048 37500 ¢ 3509 93 - 10865
15 0 2048 2048 31509 37509 . s39 9877
16 0, 2048 2048 . - 37,509 37,509 : 490 8,979
17 0 2088 2018 < 31509 . 37509 BRI E X153
18 O 2018 208 3509 - . 3qs09 405 142
15 0 2048 0 2048 31509 37509 - 68 6M6
2. 0 2048 - 2088 31509 . 31509 35 613
2 0 2018 . 208 3509 IS0 L 304 8818,
2. o0 2048 2048 3T509 S ans9 5069
2 o - 2088 2,048 ysee 1S 282 4,608
24 0 2,048 2,048 © 37,509 31,509 229 4,189
25 0 2048 2048 37509 . 1509 . 208 © 3,308
2% 0 2068 2008 (31309 31509 . 189 3462
27, 02088 - 2048 - 3ns0 - W09 12 3T
2% o 208 2018 Cansoe T ans09 . 156 - 2861 'S
29 0 2088 2018 31509 0 ITS09 12 2,601 -
10 0 2048 2018 31509 ams09 129 (2365
Total 231,023 . d6JS7_ 271,880 856291 856291 ' 187697 187,708 _
EBIC=
ENPV = :
‘BIRR=
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Table K.3.4 Sensitivity Anélysls: Construction Detayed for 1 year {7/10)

E.B/C=
ENPV =
BEIRR=

K-33

-EIRR- -
a (Unit: thou. Nu)
Year Cost L Benefit Present Value
in Const. oM Wangd.
Owder  W. Town W. Town Total Town Total "~ Cost Renefit
1 0 0 0 0 0 0 0
2 10,742 010,742 0 0 9763 . 0
3 78,083 0 78,083 0 S0 64,497 0
4 117,029 0 1799 0 0 88,531 0
5153555 015555 0 0 10,613 0
6 0. 0 0 0 0 0 0
7 o 566 566 11,516 11,516 319 6,450
8 R 82 17,548 17,548 142 - 8,988
9 4001 1159 5,566 23,580 0,580 . 2391 10,977
10, 4407 1455 5,862 29612 29,612 2480 12,529
2t 0 uas2 . oags2 o 3seAs 3seas . 674 13,706
2 0208 2088 4G 41677 6 14,565
13 0 208 2048 41617 41677 651 13,237
“ 0 2018 2048 4LSTT 41677 - 591 12,031
is o 208 2048 461 41677 537 10,934
16 0 2008 2088 . ALETT 41677 188 9,937
Y 0 ‘2,048 2048 . 41677 41,677 g 9,032
8 0 2048 0 0 2,048 41,677 41,677 403 8208
19 0 2018 2,048 4677 41677 367 7460
20 .Y 2048 °2048 4677 . 46T 333 680
2 o208 2018 4LEM 41677 303 6,162
2 0 2048 0208 NEN 4167 275 5601
23 0 2048 . 2048 406717 46T 1250 5,09
2 0 2048 2,048 N677 41,677 227 4,626
25 0 2,048 2,048 4677 41677 207 4,204
26 0 2048 © 2,048 41,677 41,677 188 3,821
27 0 2048 - 2048 . 41877 . 41677 am 3473
28 0 208 2048 1617 41677, 155 3,056
29 0 2018 2048 . 4G ALETT 141 2,869
30 0 2048 . 2048 41677 41677 128 2607
Total 231,123 . 44,709 275832 909,758 - 909,758 186485 186,485



Table K.3.4 Sensitivity Analysts: Construction Delayed for 1 year (8/10)

- ENPV and E.B/C - |
. (Unit: thou. Nu.)
Year Cost _ Benefit Prescot Value
in Const. oM Wangd.
Order W Town W.Town  Total " Town Total Cost Benefit
1 0 Co o 0 0 0 0
2 10,742 0 10,742 o 0 9,765 0
3 78,083 0 18083 0 0 64,531 o
4 117,929 0 17929 o ‘o 88,602 0
5 15,555 0 15555 0 0 10,624 0
6 o 0 ) o 0 0 o
7 0 566 566 1316 1,516 319 6,500
8 o s 862 17518 17,548 W 9ms
9 4407 LIS . 5,566 23,580 23,580 259 1,000
0 4407 1455 sg6r. 29612 19612 2486 0 12,559
' 0 1,52 1,752 35645 35645 615 133
2 0 2,048 2048 AL§TT  41ETT BEEIL I Y-
13 0 2,048 2048 41677 1 41677 L1653, 13,279
14 0 2048 0 208 41677 4167 " 593 12072 -
15, o 2048 2018 ALETT 41677 539010975
16 0 2,048 2,048 671 41T 490 9977
17 0 2M8 2088 | ALET 41677 446 9070
s 0 2018 2048 46T 4167 405 . 8,246
o 0 2,018 2048 ALENT 41677 368 7496
T a0 o 2048 | 2088 ALTT 416 335 6314
1l 0 2088 2018 4167 ALETT 304 6,195
2 0 2048 2,048 ALETT 0 AL6T 2771 5,632
23 0 208 2,048 4677 41,677 252 5,120
24 0 | 2,048 2048 41677 41677 229 4,654
25 0 2,018 2018 © 0 ALETT ALEYT 208 4231
2% 0 . 2018 2018 41677 1 41617 189 3847
Y 0 2048 2048 ALETT T ALETT . 3497
28 0 2088 . 0 2088 L 4LETT 41677 156 3179
29 o ams 2088 41677 416D M2 28%
30 0208 2,048 41677 41,677 129 2,627
Totl 231123 44709 275832 909,758 909,758 186,648 187,216
E.BIC=
ENPV=
EIRR=



Table K.3.4 Sensitivity Analysls: SCF Is Applied for Local Costs ($/10)

-EIRR - .
(Unit: thou. Nu))
Year Cost Benefit Present Value
in Const. OM Wangd.
" Order  W.Town W. Town Total Town _ Total _ " Cost " Benefit .
1 0 0 0 0 L0 -0 0
2 10248 o - 10248 0 o 9174 0
3 74,491 0 74,491 0. o 59,701 0
1 112,504 ¢ 112,504 0 o 80,720, "o
s 14,839 0 14,839 0 -0 9,532 "o
6 0 453 453 1,516 11,516 260 6622
7 0 690 690 17,548 17,548 355 9,033
K 0 927 927 23580 23,580 a7 10,867
9 4,204 LI 5368 29612 29612 2215 12217
10 4,204 1,401 5,606 35645 35645 20700 13165
i, o 1,639 1639 . 41677 41,677 sz 13,780
12 0. 1639 . 1639 41,677 41677 485 12,337
13, 0 1639 1639 - ALGTT 41677 434 10
14 0 1639 1639 | F4I617 - 4Lem 389 9,887
s -0 1,639 1639 ALE1T 41677 348 8,851
16 o 1630 1,639 41677 4L,6TT 312 7924
17 o 16 1630 4LETT 41617 219 7,001
18’ 6 1639 1639 | 4L67T ALeTT 250 6351
19! S0 1639 1639 aleTT o 67T 224 5,685
20, 0 1639 1630 - 41677 41671 200 5,090
2 SO 4639 e 41eTT . 41677 BUE 4,557
2 0 1639 1E9 a6 41677 160 407
23 0 63 1639 4Lem 4,677 144 3652
24 o 1,639 1639 41677 41,677 129 3,269
25 0 1,639 1639 41677 41677 s 2927
26 0163 1639 . 41677 41617 103 2620
27 L0 1639 1,639 6 alent 92 2346
e To e 169 4L 4117 8 2,100
29 0 16 1639 4677 A1677 74 1,880
30 0 16390 . 1639 41677 51,677 66 1,683
Total 220491 17405 257,897 951435 951435 169,060 169,060
E.B/C=
ENPV =
EIRR=




Table K.3.4 Sensitivity Analysis: SCF is Ap_pl’led for Local Costs (10!10)

-ENPV snd E.BIC -
_ {Unit; thou. Nu))
Year Cost _ Benefit Present Value
in Const. oM Wangd.
Order W. Town W. Town Total Town Total Cost Benefit
1 -0 0 .0 0 0 0 0
2 10,248 0 110,248 0 0 9,316 0
3 74491 o 74491 0 0 61,563 0
4 12,504 0 ¢ 112,504 0 0 84,526 0
$ 14,839 0 1483 0 0 10,136 o
6 0 453 1453 11,516 11,516 281 7,150
7 0 690 690 17,548 - 17,548 389 9,905
8 0 a1 927 23,580 23,580 176 12,100
9 4,204 164 5368 29612 29612 2,504 13,814
10 4,204 1,401 5,606 35,645 1 350645 12377 15,117
i 0 1,639 1,639 ALETT 41,677 632 16,068
12 o 16 1639 nEm 46 s 14807
13 0 1,639 1630 ALETT 41677 Cism B2y
14 o e iew . alen | 4nen 415 120m
15 0 1639 169 AT 4LETT 43 10975
16 0 639 169 46T 81677 92 o9em
17 0 189 163 a7 41677 a1 0
18 o 16 L6 0 46T 416l 324 8,246
19 0 169 e 6T 41677 295 7,496
20 0 1639 © | 1,639 - 41677 41677 268 6314
T o 6w 169 ALETT , © ALETT 244 6,195
22 0 1630 L1639 AL6TT . 41677 221 Cse3
23 0 1,639 1639 41,677 41,677 201 5,120
24 0 1639 1639 41,617 41677 183 4,654
25 0 189 1639 ne A6 166 421
126 0 1639 1639 4,617 . 41677 151 3,847
27 0 1639 1619 ALETT | ALeT? 137 - 3,497
28 o e 1639 . AL6TT | 41677 ns . 3m
29 0 e 16 d1en © 41,677 114 28%
%0 0 1639 1639 LT . 4167 103 2621
Totl 220,491 17405 257897 951435 951435 177485 208,565
~ BBIC=
- ENPV =
"BIRR=

K-36




Table K.3.5 Cost and Beneﬁt Flow of Iffigatlon Improvement Plan (1/10)

-EIRR - |
(Unit: thou. Nu.j
Year Cost Benefit Present Value
in Const. - OM Agricul. Saving
Order Cost Cost Tolal Prod. OM - Total Cost Benefit
1 2,515 0 2,515 0 0 0 2,515 0
2 1,784 o 1784 0 0 01608 0
3 1,00 3 1061 304 i26 | 430 858 ur
4 0 " 106 106 555 1230 785 77 571
s 0 106 106 555 230 785 6 sl
6 0 106 ios  sss 2% 78 62 462
? 0 106 106 555 B0 78S 56 416
8 0 106 106 © 555 230 - 783 50 374
9 ‘0 106 106 555 230 785 45 336
10 o - i0s 106 " 555 230 785 a1 - 302
il 0 06 106 sss . 1230 . 178 . om
1z 0 .. 106 106 555230 785 33 245
13 o 106 106 $55 1230 785 30 220
4. 0 106 . 106 S §55 . 230 785 27 198
15 0 106 106 555 230 785, L 178
16 0 106 106 535 230 788 2 160
17 0 06 1060 558 230 785 19 44
18 o 106 106 55 230 785 7 129
19 o W06 | 106 - 555 20 185 16 16
20 o 106, 106 sss . 0. 185 14 105
2l 0 106 - 106 555 210, . 1788 13 9
22 0 106 106 555 c230 . T8 i 85
23 o 106 106 555 230 785 10 16
24 o 106 106 555 230 785 9. 69
25 0 106 106 555 230 785 8 62
2% 0 106 106 555, 230 785 7 55
27 o s 108858 @0 ws 1 50
28 0 106 106 555 20 785 6 . 45
29 0 106 106 555 230 785 s 40
30 0 106 106 555 230 785 I -
~Tolsl 5,302 2,520 8,222 15289 - 6336 - 21625 $701 3,201
EB/C=
ENPV =
EIRR=

K-37



Tabte K.3.6 Cost and Benefit Flow of irrlgation Improvement Plan (2/10)
-ENPV and E.B/C -
_ (Unit: thou. Nu.)
Year Cost Berefit Present Value

in Const. oM Agricul. Saving
Order Cost Cost Total Prod. oM Total Cost " Benefit
' 2,515, 0 2,515 0 0 0 2,515 0 %- ‘
1,784 0 1,784 0 o 0 1622 0
1,003 58 1,061 304 126 TE - 355
106 106 555 230 785 80 590
166 106 sss 230 785 . 536
106 106 555 230 785 66 487
106 106 555 230 785 60 443
106 106 555 230 8 s 403
106 106 55 20 78S 49 366
106 106 555 230 785 45 33
106 106 © sss 230 785 L 4l 303
106 . 106 . 555 20 s ow _'2"1'5-
106 106  sss L2300 788 34 250
06 106 sss 230 . TS 3w 21
106 106 $5 230 185 28 207
106 106 555 .10 - 78, .25 188
06 © 106 - . SsS 230 - 785 3] .
106 . 106 $ss a0 .. 785 20 155
106 106 ssS 230 78 .19 . 141
106 106 . 555 230 . . 185 .. 1. im
106 106 sss 230 . 985 16 r o
106 1060 sss o230 C 78T Ll 106
106 106 555 - 230 785 13 9%
106 106 sss 230 785 2 - 88
106 106 . sss 230 788 18
106 ' 106 555 230 w10 m
06 106 sss o 20 Loom8s. 9. 66 -
106 106 s o2 o o s, e . B
29 106 106 sss o230 185 o7t s
30 106 10658 230 785 7 a9
Toal ' 5302 | 2920 8222 15080 6336 21625 5823 6348

- N e W e

LT=T - ]

b
}
- T - R I R N L I~ B T R N - N - - T - Sy

EB/C=
ENPV =
EIRR=

K-38



Table K.3.5 Sensitivity Analysis: Project Cost lncreased by 10% (3/10)

. EIRR- |
o (Unit: thou, Nu.)
Year Cost Benefit i Present Valuo
in  Const. oM Agrcut.  Saving
Order Cost Cost Total ~  Prod T OM Total Cost Benefit
é’? L 2,067 0 2,767 ’_0‘ o o 2,767 0
: 2 1,962 0 1962 0 -0 0 1,783 0
3 Lios - 58 LI6l 304 126 L 430 Cesy 35
4 0 06 106 sss 230 785 80 589
5 0 06 - 106 sss 10 785 7835
6 0 106 106 55 230 785 66 486
7 0 106 106 555 20 185 60 442
'8 o 106 106 'sss 20 788 5440
9 o 16 106 sss o 230 . 785 49 365
10 0 106 106 555 230 785 a5 33
n o ws . 106 s om0 ms o 4300
12 0 106 106 ssS 2300 785 37 2
o 0 106 o6 sss. om0 s % 29
R o 16 16 s 20 785 30 26
%} 15 0 106 - 106 Csss n0 85 .. 28 0 205
e 9 106 . - 106 sss. 230 18 25 186
17 o Cdes G060 585 210 - . 785 B N I
18 ¢ 16 . o6 sss. 20 T2 154
19 o a6 106 55 26 78 U T
20 0 106 o6 o sss w0 omes a1 o 127
an 0 06 106 . . sss 20 M5 1 s
2 0 6 106 sss om0 8 14105
3! 0 106 106 555 230 85 13 - 9
24 0 096 - 106 555 230 - 185 RV 1
25 0 106 . 106 . 555 230 . 785 Y 19
6 o 16 106 S5 om0 7 0 om
- o 106 106 55 . 20 78 . 9 65
B = o 06 106 sss a0 7 839
s 0 06 106 sss o230 0 78S 1 sh
30 o 106 106 ss5 a0 8 1 49
“Total 5,832 2,920 8,752 15280 6336 21,625 6313. - 6313
B.B/C
ENPV =
EIRR=

K-39



Table K.3.6 Sensitivity Analysis: Project Cost Increased by 10% (4/10)
- ENPV and E.B/C -
(Unit: thou. Nu.)
Year Cost N Benefit Present Value
in Const. oM Agricul, Saving
Order __ Cost Cost__Total Prod. oM Total Cosi  Benefit
1 2,767 0 2,767 ¢ 6 0 2,767 0 o
1,962 0 iz 0 0 0 1,784 0 L
1,103 58 1,161 304 126 430 %0 355
o6 106 555 230 785 80 . 50
106 106 555 0230 785 72 536
106 106 555 230 785 65 487
106 106 555 230 785 60 443
106 106 555 230 785 7 I ]
S106 106 555230 785 49 366
06 106 555 230 785 45 . 333

106 106 sss 2300 785 L 4l .. 303

106 . 106 isss . 230 98 37 275

M6 106 sss. . 230 785 34 250

106 1060 ¢ oUsss. o 230 78S wo . w _
106 106 - sss. 230 | 78S s o 8
W6 106 - ssS. . 230 78S 25 188 |
o6 | 106 < sss. 230 78 . 23 17

106 1o 106 s 230 s o2t 1sS

106 106 ossse 323i_)-?_ Cass 94

106 | 106 . sssi 230 8 . 1| I8

106 106 - sssio 230 . .78 - a6 L 17
06 106 . sss. . 0 78 14 106
106 o6~ sss 230 785 B 9%
106 106 555 230 785 12 88
106 106 888 230 785 SRS NS 80
106 - 106 0 sss m0 8 - .0 T
o6 . 106 G sss - 230 18 .9 &
106 106 . sssio20 78S 8 o = F
6 106 . s 855 L 230 " 185 S s
30 106 . 106 58S - 1230 785 7 4

o
S o0 0 0 o0 0 0ol oo 0o 00 0Ol OO O O 0

Total 5332 2020 8752 15289 6336 21625 - 6319 6,348

E.B/C=
. ENPV =
EIRR=

K - 40



Table K.3.5 Sensitivity Analysis: Project Benefit Decreased by 10% (5/10)
-EIRR-
. (Unit: thou, Nu.)
Year Cost Benefit Present Value

in Const. oM Agricul. Saving
Opder Cost Cost Total Prod, oM Total Cost - Beneflt
1 2,515 0 2515 0 0 0 - 2515 0
18 0 184 o 0 0 1619 0
1,003 58 1061 213 126 399 7 329
| 106106 500 20 Mo 79 55
106 0 106 500 230 730 72 495

106 106 s0 230 MO 65 449

106 106 500 - 230 730 s9 . 408

105 . 106 500 230 730 s 310
06 106 so0 L2300 730 a0 36
106 - 106 500 - . 230 70 4 305
16 106 . o0 o 230 10 - 40 - W
06 w8 0 ;0 mo. 3. 2
w6 s s we.  omo ®m o oms
w06 16 s w0 om0 %0 207
106 06 500 B, 70 27 188
o6 106 o0 | 200 70 25 171
06 16 - s 20 om0 .2 158
w06 106 iso0  © 230 MO 20 140
06, . 106 0 s 230 T30 e

106 106 S0 230 70 s 108
06 W06 500 . 230 70 4. 95
106 106 500 230 #0013 87
06 106 500 230 730 o1
106 16 500 20 WO . 10 M
106 106 500 20 MO 65
Tl6 106 . S0 23 730 59
Clo6 -6 s 230 T30 53
Cqe6 06 S0 230 T30 a8
o6 105 S0 230 730 a1
o s302 2920 8a;m 13160 6336 2009 5804 5804

—
L

- o o o0 o 6 o o oleoee © & e e o o o & o o o o

L R Y- V-1

E.B/C=
ENPV =
E1RR=

K-#

106 106 . 500 o230 M0 17 e



Table K.3.6 Sensitivity Ana

lysis: SCF is Appled for Local Costs (6110) '

K42

-ENPV and E.B/C -
(Unit: thou. Nu.)
Year Caost . Benefit Present Value
in Const. OM Agricul, Saving
Order - Cost Cost Total Prod. OM Total Cost Benefit
i 2,515 0 2,515 0 0 0 2,515 0
2 1,784 0 18 0 0 0 - 1,622 0
3 LM Cs8 1,060 M 126 399 877 330
4 0 06 106 500 20 - 130 80 548
5 o 106 106 500 230 730 72 498
6 0 106 106 500 210 730 66 453
7 0. 106 106 500 230 730 60 a1
3 0 106 106 500 230 730. 54 374
9 0. 106 106" 500 230 730 - 49 340
10 0. 106 106 500 230 130 45 309
n o 106 106 5000 0230 MO 4 281
12 RE 106 166 500 230 730 37 256
13 0 106 106 500 230 . . 730 34 32
4 0 106 106 500 ° 230 730 ‘31 211
15 -0 106 " 106 500 230 730 28 192
16 0 106 106 500 230 130 25 178
17 o 106 06 500 . 2300 730 2 159
18 0 16 106 500 230 730 21 144
9 0 106 106 s00- 230 730 19 131
20 L0 106 106 500 230 730 17 19
1y 0 16 U106 S0 0 T30 16 108
2 o 106 o6 00 20 T30 14 99
23 0 106 106 500 - 230 730 13 90
24 0 106 106 00 230 730 12 81
25 0 106 06 S00 - 230 730 . 74
2% . o 106 06 500 230 730 10 67
27 0 106 106 500" 230 10 9 6l
28 0 106 06 s0 20 . w00 3 56
29 ) 106 106 500 230 730 7 st
30 0 06106 500 230 730 7. 46
Toal 5302 2920 8222 13760 6336 20,09 5,823 5,899
- EB/C=
ENPV =
EIRR=



Table K.3.56 Sensltivity Analysis: Construction Delayed for 1 year (7/10)
-EIRR - o
(Unit; thou. Nu)
Year Cost . Benefit . Present Value
in Const. OM Agricul, Saving
Order  Cost Cost Total Prod. oM Total Cost Benefit
© 2,515 0 2,515 0 0 0 2,515
1,784 0 1,78 0 0 0 1,622
' 0 1003 0 0 0 . 89
58 58 304 126 430 ¥ X
106 106 585 230 785 n o sy
. 106 106 555 1230 785 66 488
106 106 . 'ss5 230 785 6 44
106 106 555 230 785 56 408
106 106 . sss 230 78S 0. 367
106 o106 555 230 785 45 334
106 1060 55 230 0 785 4303,
106 log . sss 230 o 78s - 37 26
106 106 sss. - 230 ¢ 785 ETO
106 106 . sss. o230 785 3 s
106 . 106 sss 230 78S 8207
106 106 555 o230 785 - 25 189
6 106 sss . 230 78 . 23 Im
06 d06 o sss 230 78S 21 156
ioé CH06 - $sS - 230 s s 42
o6 106 5SS 230 185 . v 9
i06 106 Sss . 230 I8 16 1T
106 106 . 535 - '_'23{)7 aes . w1
106 106 555 230 - 785 S K 97
106 106 . 555 230 785 - 12 88
106 w6 sss 20 78 1l 80
106 los - 555 - 230 78 . . .16 W
106 06 . cssS o3%0 T8 - 9 66
_i106=':=:l'06‘ '-555]'5-5230""785:'f-?s' B |
1060 106 85S 20 s 1 s
106 - 106 555 230 185 1 s

3

=3
T T B e = = S-S - T =

N TR Y - S VSR -y R K

—_ o e e |
T e =

@

—
k%)

— —
o e,

R R R IR TR R O
S R R P O I -

™~
>

© 30
Tolal - 5,302 2,814 8116 14,734 6,106 20,340 5742 5742

E.B/C=
ENPV =
EIRR=

K-43



Table K.3.6 Sensitivity Analysis: SCF Is Applied for Local Costs (8/10)
- ENPV and E.B/C -

({Unit: thou, Nu)
Year Cost Benefit Present Value
in Const. oM Agricul.  * Saving
Order Cost Cost Total Prod. oM Total Cost Benefit
1 2,515 0 2,515 0 0 0 2,515
2 1788 . 0 1,784 0 ¢ 1,622 0
3 1,003 0 1003 0 829
4 0 s 58 34 126 430 44 323
s 0 106, 106 sss 230 785 72 536
L6 o 106 106 555 1230 785 66 187
1 0 106 106 555 230 785 60 443
g 0 106 106 555 230 785 54 403
9 0 06 106 s 230 7s 49 366
10 0 06 106 585 230 785 45 333
n o 106106 555 230 85 a1 303
12 0 16 106 sss 2300 - 78 37 215
B o 106 106 Usss 230 ¢ 75 M 250
M- o 106 - 106 . 555 20, 785 3 227
15 0 106 - 106 sss 230 185 28 207
16 0 106 106 s 230 785 23 188
17 e 06 G0 osssc 230 s a3 171
18 O 106 106 s 20 s 2 155
19 0 106 106 . sss: 230 78 19 o
20 0106 L0106 - sss 230 . 7gs 17 18
! o 106 106 : ss5 - - 230 785 16 nr
n 0 106 106 55 . . 230 785 14 106
23 o 106 106 555 230 L 783 13 9%
24 0 106 106 555 230 785 12 88
25 0: 106 06 855 230 785 1 80
26 o w6 106 55 20 1 785 10 2
27 S0 hes 6 o sss o230 7gs o 6
28 0 s 06’ UsssT 200 | 7ss 8. 60
29 0 106 106 - 555 23 ;- 785 7 s
30 o 106 106 555 - 230 785 7 4.
Total 5302 2814 816 14734 6,105 20840 5,739 5726
. E.B/C=
CENPY =

EiRR=

i

K-44
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Table K.3.5 Sensitivity Analysis: SCF Is Applied for Local Costs (9/10)

10

-EIRR -
. {Unit: thou. Nu))
Year Cost Benefit Present Value
in Const, OM Agricul, Saving
Order Cost Cost Total Prod. OM Total . Cost Benefit
1 2012 0 2012 0 S0 0 2,012 0
2 1,784 0 1,784 0 0 0 1,524 0
3 o . 46 46 (77 IR T S T 3 340
4 0. 85 85 666 184 850 53 530
5 0 85 85 €66 184 850 45 453
6 0 85 85 666 185 . 850 7 387
7 0 85 85 666 184 850 33 13
8 o 85 85 666 184 - 850 2w
9 0 s 85 66 18- 850 2 241
10 0 8 85 666 - 181 850 g 206
1 0 s 8S. 666 184 850 18 176
12 0 8 85 - 666 184 850 s st
13 o 8 85 666 181 850 13 129
14 6 - 8 85 666 184 850 1 1o
15 0 85 -85 666 184 -~ 850 9 94
16 0 85 85 666 i84 850 8 80
17 o ds 8 686 184 850 7 6
8 0 85 85 666 184 850; 6 59
9 0 85 85 656 184 850 5 0
20 0o 8 . .8 666 184 850 4 0
21 o 8 850 666 18 850 s 37
2 o 8 . 8 666 184 . 850 3 31
23 0 85 85 666 184 850 3 27
24 0 85 85 666 184 350 2 23
25 0 85 . 85 666 184 850 2 19
26 0 8 - .85 665 184 . - 850 2 7
27 o8 8S 666 184 850 1 14,
28 S0 85 . 8s 666 184 850 SRR S
2% 0 85 . .85 666 184 . 850 i
3¢ o' 8 85 666 - 184 850 1 9.
Totsl 379 2,336 . 6132 18346 5069 23415 398 3918
E.B/C=
CENPV=
EIRR= §

K-45



Table K.3.6 Sensitlvity Analysh SCF Is Applied for Local Costs (10!10)

B B!’C“
PNPVE ‘
EIRR=

K -46

- ENPV and E.B/C -
_ _ {Unit; thou. Nu)
Year Cost Benefit Present Value
in Const. oM Agricul. Saving
" Order Cost Cost - Total Prod. oM Total Cost Benefit
1 2,012 0 2,612 0 0 0 2012 0
2 1,784 0 1,784 0 0 0 1,622 0
3 0 46 16 364 101 465 38 84
4 ) 85 85 666 i84 850 64 639
5 0 85 85 - 666 184 850 58 581
6 0 85 85 666 184 850 53 528
7 0 8 85 666 184 850 48 480
8 o 8 8 666 184 850 “ o e
9 0 85 85 666 184 850 - 4o 397
10 0 85 85 L 666 184 850 36 360
i o s 8 666 188 850 S0 SRR V1 S
12 0 8 - 8 666 184 850" 30 . 298
13 Y 85 85 666 184 850 e BT )
oty ‘oo s 8 e %4 80 25 246
IS0 8 85 666 134 850 BRI 24
6 o 8 8 666 - 188 80 - 20 1203
7 0 85 85 666 . 184 850 e 185
18 o 85 8 666 - 184° .80 . 11 168
19 0 85 . 85 666 - 184 850 15 sy
20 0 8 85 666 - 184 - 850 M 139
2 o 85 85, 666 18850 13 06!
2 0 8 8 666 1s 850 ¥ s
23 0 85 85 666 184 850 t0 104
2 o 8 85 666 184 850 9 95
25 0 85 85 666 134 850 9 86
2% 0 85 8 . 666 184 . 850 8 78
¥y 0 . 8 8 666 184 350 7 7
28 0 8 . 85 . &6 . 184 850 6 65
29 0 85 85 666 ' 184 850 6 .59
e 6 8 - 85 666 184 850 5 54
Tota] 3,796 2,336 6,132 18,346 5,069 23415 . 4,320 6,873
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