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mwndsuulnaudsmruuﬂulannuaum[an

Usunaudhiolulan (av.nu.)
thidkls 24,238,359
UHtditiu 10,263,969
thitiatiu 103,879

Each Brazilian consumes, on average

5 559 liters of water each day

rused, and indirectly,
| daily activities

1 pair of shoes
8 thousand Liters

Jeans
A 1.9 thousand
“ Liters

1 cotion t-shirt
‘.' 2,7 thousand
(=
(=]

Liters
Washing your hands
5 Lite

Car
144,3 thousand Liters

1 plecz DfpapErA4 @ ﬁ

Comput
31,5 thousand thers

Brushing your tzeth T ——
with the faucet open

N
S
Liters 2

g

1egg
.‘ 200 Liters
rs
15 - minute shower
1 240 Liters
- :.'. Watching television
:'g:‘ 39 fpousand 1 kilogram of cheese
1(?) a5 5 thousand
3 i‘l Liters
Cup of beer {250mL)
75 Liters
Cuy almﬁz
0 Liters Y'OOO

140 Liters Stice of bread
40 Liters

Water Footprint |

Brazilian average

Virtual Calculation of Water Used
in the production of Beef.
Up until the Cattle is slaughtered (approximately 3
years), it spends on average:
1.300 kg
of grains
7.200 kg
of feed

3.069 million

liters of water

4+ 24 mil Liters
of water for drinking

+ .7 mil Liters

of water for service/cleaning

= 3.1 million liters
of water used

1 kg of beef consumes

15,500 liters of water
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Water footprint (mafcap/yr)

Water footprint per capita

3000 1 O Domestic water consumption O Industria goods B Agricultural goods i
2500 Tha”nnd—?’?"_\n\('l,nnn/QGr\—ﬁ’1ﬁA THAILAND
Average=1,250x1,000/365=3,145
2000
1500 ~
1000 +
500 -
0 T T T T T

China |[]
India |]
Japan
Mexico
Russia
Nigeria
Thailand |[]
Italy
USA

Pakistan
Indonesia ||

[Hoekstra & Chapagain, 2008]

WHUENSANERSTF 20 T w.A. 2559-2579 ¢ alupq daA eagi
WNUENFANAATNITUINNIIANIININEINTUN 2558-2569
s oy 1 (4 o o o [
AANTUEFNI-AMAN Ynvian-gnnae aydSne-WuW-dasnu
LELARNUNLATE I RALA T AIANWNTIR 21TUN 12 WA, 2560—2564

AMNAINITATUNNITUAITY ANLANANTA NSRRI URASAL
AWIARDN

Sannsldinlunungaszniu 10%0  DinuNungalszyu 8.7 a1uls
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THAI LAN D 4 . O (Transforming towards the value based econo?ny)

From
Traditional Farming
Traditional SMEs
Buy Technologies
Traditional Services
Unskilled Labors

To
Smart Farming
STARTUPS
Create Technologies
High Value Services
High Skilled Labors

d
Qﬂﬁﬂ'lﬁﬂ’iﬂiﬂﬂfﬂﬂig‘ﬂ'lu

UssiugnsAnand 2555 - 2559

(579) Ussdugvsmans 2560 - 2564

¥ 15
L mMananvankasiinumausemu

v 0 L3
. MIRAIWANLas U RaUTs
e
guANEAMANUEANUN (Basin-based Approach)

2. -“1';'u"SHTj'E'mnwaﬂwaﬂ":wafm;-m

r

— ————y
nsfiasEaninmmsuimaseniai
BUNYIINS anngUszaInntslani

3. mathaiutasusimasuianmimumsng

nmvesiupmdnmeuaraivayy

MIUsIMALSULAAINIY

% 4. Madudnnssnmilussaviui

(Empowering) MFAIAATBTIY Uax
msfidusmvenmeadnlunuuims
maRMsUaUszmMu (Networking

Collaboration Participation)

% 5. maviudougesdinsdenio:

(Tum Around to Intelligence Organization)

yanew ;. X enseaniiinauel demm uudiudy
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S e / .

n13InYia (519) AdeNALNTUTAUSINIUY AMMLEUENSANERINLA. 2560 - 2564

1. aafnsdanser Musafieauiiumsinuun (Water Security) Waliuyamnisndn anelu
U 2580

2. 93fnTdRnter Musudnisdanisuuivenndin (Water for all) anelud 2580

s as

= o = . = o
A131997 17 : Aeiunadsznausa) Aduraunsugausgniu

Keyword Arasue

2IANIOIRILE mMsUFunldsuesdniuasuaaing (Turn  Around) T¥iuadiy dnsviauidieguu
g1uRIna wazmaluladarsauna Niinusiadi Adesd awisadsuatuantunisal
waznsidouniasdngg 18

Pajsaramnuiiuna a¥epaaudadu TWuszrmuatunsadndan sty wasfunddudmnouasy
i (Water FIFMIAYVSAERA 5U DN LD

Security)

Fajaumsdanisd Wurgaundnlunisuinsdnnisiimessene nonsusaUseniufumizoany
Lileyndan (Water winiimunuuaruInisianisuiathvdn sagldonalivihonudug aunsathuals
for all) TAadaUssTawdunUszaisulustuaias deluld

diotiuyasinisedn | mskiiluewaelilbusduivinsdde waznslaldvingu wiasdowesii Ut 1 vea
zasafinyamliduninnisineas nianseda lduanteafivda wazvinedidls
nagliunazroaldodrdivsslosininian

awludl 2580 WiszuznatveadmunglndiAssiuinugnsaiansang 20 1

N

< Jd o Y U
nsuyalszmiuiluasnnsriiaumanann
URAIHINAZUIHNIIAN TR Y IANMS ¥

Anunvalszmu agludran 11 10 veslan
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ANUETNILASLUIARA

lunisq919lAs9ns

1n59M5 (Project)

a d' d' 4 U Y v d' v
NONIINANIVDINUM I FNSWENNIINDTH I
HANBLIINY NININTINAZNII0ON HazHAMANIIA
d' °o v I

naAgy Ao

" iingilszaen

A 10195919UNY "J!ﬂihﬁﬁ !!ﬁw‘].liﬁ15\‘ﬂuul€ﬁﬂflf’)ﬁﬁu

= Yo uIun Nilﬂﬁllﬂu !lﬁu%ﬂﬁuﬁﬂ
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M53191A59M5 (Project Planning)

A A

Y v d'd ] Vv v
ﬂﬁ’JN!!N‘Hﬂ1ﬂ‘lﬁ’l§‘l/‘l£ﬂﬂ‘i‘i’l&li’)g ‘Vii?)‘i’l"lﬂ‘i‘]_lilﬂﬁii

Y v

' = d' Y a d
aeadiszuy talvimslinswennanalszlerigega

v
QU G

o d v A qua v
ﬂi\‘lﬂ’lﬂl?ﬂﬁlﬂi%ﬁ\‘lﬂ‘nﬂ\f’h ‘l’ﬁ?)!‘l/‘l@clﬂ!ﬂﬂﬂ1ﬁcl‘lf

v Y d' U d' Y dd'c?/ Y
nSwennstiesiiga Tudunazussainglszasnndsll
~

nazidaransznuAe R INAdNNAz FIANTRENgA

Tumsiannurdainiemsvadszmu deafnuiagunii
(River basin planning) ﬂ1iﬁ1aﬁun1iﬁnmfv]’atju1§1 fitiv
Snqusvaanfisnda 2 Uszns

@ Lil#lasamsiwanndusou lldaunsasamsinaana
MYKAg

@ Lil#assmsnozavumendsllaawallssTavives

Na X
TassmsNnaTuneu

ANaonaIn Iﬂi\?ﬂ"lfiﬁﬂH1ﬂTJ73J4‘H3J13@’3J4!@&’Naﬂ§371ﬂ5’3!!9ﬂ?g)’ﬂwwgﬂﬁ?ulﬂg\?
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. 2 d. 2
upianguinnalzng uiignh = 17,660 as.nu,

toduninanen1snaunu (Neil S. Grigg, 1985)

A
1.M131N0Y

2.M519U
3.0 IUMINUNY
: Yoya Manaaula nsiaIuIIWN
4. mafinlumsinse
5.ms5Usziliuma
ammmﬁm/ M3t Faaw Fanadon

6’mamiﬂiwmumﬂ’mumamu nadszlovil uas

| Y4 o Y ] Vv
wansznuluvatay azml#ilasanisinlasunis
gONS
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eunyrmiaduluigiiunaz]lve

NSALRUNISIATINTG
v ¥ a o
ABY LRUNUIIUIUNIN
AaannsLlasunlag
ANANNANTENUN LNNILUSLAIARDNIAY RIANBASRILIARDN NUANLAL
13dla
NAULNNANAULAYY UWALNNGNAUAIY

[ 3 [

212 NLRINNAPIUNHUNE

3
o ar L%

IUUAIARIANBLAYILATIZIAL19TDUATAL LAZALNSTYRAA

NANSANE A9ITINITDAD L

| ; Y
a1 e

Tasamatduanusuiu liguiiumslala

Tidifammumsitu

v
=

Tnssmsaemaaenlumsuifymimanzaniiga
ida X Y 1 o A

wadszlayuninavudum nazdseu

Tas1d5umailselov nezlaslasumanseny

J \ Y A =S \ = = \} w
alnuveslasamanalfinananuaza v lvulinaaanedann
HaZANNAAY
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Jadenaanunaesnasanlumsn

nsidasunlainiainiaAlan uas
nansesnusalssinalneg

Water Accounting azdqalfifmaaudngsd
nENeNnsmReNIntes e lag1 U LN TAganns T

‘E 5
26.26
: s I 1
g 39.15 g 8 S
= § 482927
= = <3693
SE b L
Surface and Subsurface .~ Uncommitted
Flows Precipitation 3
% 0.88
Y 3
=
Removal from v Additionto 1.98
Storage TyFringarinusinaes 2541
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inflow
Net inflow
Available
epleted

53_9.15 & 29.27
= =, !
Surface and Subsurface
Flows Precipitation 3
§° 9.88
Q

Removal from v Addtionto

Storage

Water Accounting

http://wateraccounting.org
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End of Part




I5ANSUATATEUIUNNT TUNNFY

A5 (Planning)
A1saanuuu (Design)
n1sna&sy (Construction)
AsavtLarLngeFn (O&M)
Asdseiiuna (Evaluation)
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Project cycle

nns
ssifiuna

Evaluation

9

AsALIuY

i Imilementation ‘

ANIUF 55NN

A5 TASINNS

» Uszaunisailuada(History) ahunsauanleainiasenisluu
dszauAnudsa lasemsluufidaunansasvinlviniseniiunisii
ussatihnunane’ly Teselnuauian

P | o o P o
> unizaunlaannnisudszsiuninsenisnilscaualnudidanas
Qs A J = 1 L Q‘/’ = o |1
AULKANAAVTATINTNALTUNITAAUKUNIUY AzidissTamiina
1Wn19TAs9n1s a1iinldlaiatineaana

> °lumsaw'insomsnn‘insams unwm'mwswmn'smm”li]"hl
1ad1dn uadauedanlsiunuarianviataundu deifu
Fosiaudiluiiininviasenissasniundaaiuginisa
Tun1svlasensididsednsnn dszdndwauantui
gausuNNY

‘‘‘‘
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sz Tapiiveanisngl

(Benefits of planni

antlaumazidntdulunsayduuasnis
Weuun
Tanswennsidszdngawunndu
NIIUANRINY NaUsLLaaU WaY

waﬂsvmnmaaaﬂuuavaaumaauma”
anm

Juanaulunisingl

Aniuaiaquszava : ganntgynluilRadu ulaungaasiusnis (Top-down)
AaNusavNIsuaviNui (Bottom-up)

Avuatilvung : mmﬂaomaﬂiuaaﬂaanmtﬂumL‘Boﬂsmmmamaumm
Huase wazldiflumdialunislszifiunanisaiiiunisiasens

Uszifiunsnennsiaunsaiitun1diuniseiasenis | nfwansnesu
AELAN NTWENNTEIUAITIU NTNENNTUUBELRYFANTTU

NSAUHY ¢ avAlszNaY UKLy AU16e AsuLivszazlunIsWUT &579
madan msfidiudin nsasrounuilunssiiunisvinadr

AsUszsiuAaasnnaiian @ nafla LATEHSAR d9Au dowdaaan Auq
Astdanmuidanlilsiiunis ; Wlannaaniifigauasiinsauian
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N UIUNNT

L g9
9.00nUVUNIDIAU
9y . . .
6.1m1ANudeINTIN (Preliminary design.)

10.a579a0uaUAd0UN

3 910 185 UNANTENY
-

A MMAGAENT (WHUTALsHNA, MNWEIENI9INTA, WHUTILEAITATIRTIIRUFIL)

wiwennsin (Fnwiuisani, ﬂmﬁ)”mﬁth vifdu, i lddu, duihinena, msdanzuaznisanaznay
, ALATWIN, ANNERINITUT, ANEauLAEIALN)

anaaiiauine (dy, nssane, nslatihaasia, Airnsuazanudan, daving, anmnad)
nswennsiau (mif-hl.l,unm"r?m, mi’(ﬂ“ﬁﬁu, auﬁa‘u:ﬁﬁu, msnmuﬁw)

saelinen (Wnuissdiinen, dnwaenegicmans, awgiusin)

msaras (Msldiurinienisninmes, sUuuunslaniia, uwladnssudnd, nandaa)

Feau (Inuilszanns, auusssudiauilsandg, asdnmn, e'le, Anudasn1slifilasenis)
A5Lau (Miwennsmsdy, daseands, assuaduas, Anadnladnauazanuainsalunisane)
wsugadas (80 ndsegialutlaqiunazaunan, tnaein1sdsefiuiason1smoLasE§AEnT)
alanguana (ngvanatAsduin, MsaaLin, Msananay)

Avwaaaan (Naaw, Hnw, aadinstalselaminasunuse uazaaunIngin)
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szaulun1sd

MK unan (Master plan)

1M9TAs9Insiiiagsiu (Reconnaisance / Pre-feasibility
study)

ANTANBIANULNNTRULATHNANTTNURILIAI AN
(Feasibility)

ALK UATELTIuN1s (Implementation plan)

AsAnEazfisaazidaaundulunsassdunaIn1s@ns

Fawudin
=ulouedgu s
“UHUITUNTEVITIS NTH
e T L s I ]
“Hun
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| nasAneguin |

| Tasanasoumfin Insamsninmiva

i

Tasanisuumnana | |
TAasanisuUuImnana

AnEusALAE

i
R | = Anlndimasa rewe—m————
i
wan |

i i
S ‘“ﬁ."w" hﬂl‘l'ﬂ)"ﬁ'ﬂ!l!‘ﬁ‘!!ﬂl‘l !

N RN N Reconnaissance | i
[t bl Tttt | i
Feasibility Report G’;;:n ..:4 wiaalnaanys Nnﬂi"l'l':n I
| - '

i

— il mnldEn n
et TAsanas

14

dnlneomnm

i ( )
H [ ne=uUlIunNIFaINLUU J—-- FAune
b

aEanstnsanas dvesn amng
unzroAindlnn woud 117
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FAUIPADNILBIAU
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Uszdndu
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(Reconnaissance Report)

e
i
'
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'

ANAUTHITTATING  —mmmmmm oo

g o s (RR
-sanunsinulassnisidlasiu(RR)

-pansdnsaLianslasenis

!

nNFANEN

/ ATURAINTTH }

!

l

=9 = 7
MEANEILAZILATIZN
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TATINTAUIATEFAARS

=3 @
NITANEIAIY
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(Pre-feasibility)
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4
Q/

ATsLdanyadvidiau

A\\(J e AT VS.

/ Longitudinal profile AUFI VS.
\ A B C D |58 vs.

e e

—~— o
B \[ — WUNUININ

Dam site %J\%T'—_"/ 33(:
D/ \ Cross section

%4

AANANLABUATDEATIFIUNUALIRITAUUT UTBNFNIN
nddszmaAnyinlwdeAnldanealunisnassiesn §

2/ v & o &
HANSENUNAY WA LAANALUNISIAUANUINAN

aA@B a v =
*susnniutiuna’iing
ASIARDUDLNALLDLA D1
WUSDUWANUDINY ADIN
mafaingu (grouting)
1 v
e ldanaga

> Liiaasiaanannmaaaaulununnwuiiw (Spring)
waanudnnuLsannasinisinaausa(Landslide)
wszagyibignusiniaauliiung uazhaads

A ldanelunisdsuilgegnusings

09/04/61



*Aaudniinnugerasninwativaliuilad
aansodsilnausdindasaadants

*Nunadannaas e luLsalnalAes

i laifiidunednfadingiuiinasde ns
a5 lud AL A ldane g

AL aaildaiamessunaingu
(spillways) 1nasaaau

* AuRSUn
(Catchment area) sas
anwa tivalslSananini
luaidnans (Inflow)
\ReawaiuANNERINIGI
LAz DLBNENLENENS
\HlaRunadu

Demand

Deficit

Inflow, Demand

Month

nsanunsuvduxniAwll dBunainnluainans
AZTHINAUVLAUAIMNADINIG LAZADIRS1NINGTZLILUN

g 1 o 6 ¥ a
AUTUIA LU VI LUANRINULAN
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*NUNSLUNHUNIN D1V LIINLE IR NAUN
11aL11919NINTU ANBULUATRAzANAN Y
#19 I AINADNAIAINDILNS L EIY

*FaaaziUAIREN9AUINEATIARALAT
arnaRnsalinduiuaasduluds(Soil
permeability) arfauluaned
Anuaangaliinguiulige daailfauqn
fradaulus Wiasawhnsmaanaiean
ansinssadu (Seepage Rate)

*ARINNITIARDRENAKLARAN
RINUSLITUAIDN
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msmwumaumuavmstaan
AncLdiau
(Watershed delineation
and site selection)

What Is a Watershed?

A watershed is the area of land that drains
to a particular point along a stream

auﬂuuw
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Rainfall I(t)

A

_.-
‘-—-—__——_-——""

I«—System
Watershed Watershed surface )
divicich_. , boundary
| Runoff
| —————==_1 a
("‘ —_— f)

°o o & A4 ¥
AN NAUADINWUNRNUN

-ANNFUWUSTZIINY Nuuavumwuaﬂ
AUUUIOURSAMUN N UL agRuARNN
-mmswuwumaum AzdIU1T LU
Uvil6

small watershed, steep High
slope, low vegetative cover, | + intensity
low soil permeability storm

MvinAAnasidneraaiig'ls?
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AURAARINUN[MN

-nafaznsduluguinduagfudnsasduuasiuigy
1 . 5 5
-AzAAUTILAANINATTARLZNEAUTURNUNRZYAUIRAW
avgnvinuazlviaaang outlet
-ms:naua;ﬁmnﬁnnu‘lummﬁnm
-anusiAgIAusanaznauaziilszlauilun1sm
Dead storage uayszauaia1snigaan (outlet works)

Turbid inflow
>

Usunelneg THAILAND 1:50,000 WGS 84

World Geodetic System 1984
(WGS 84)

ldunuiinfitlssinaauia 1:50,000
f§1115UN19191ATINNT
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2,083,000m,

:\-;7:

N 1516

-

afayauunNun 1:50,000

- Coordinate - Lat. & Long. and UTM

- Land uses - field crops, paddy, forest,
community and water body

- Infrastructure - roads, railways, bridges,
transmission lines, temples, schools, dam &
reservoir, canals)

- District boundary

- Topography — contour, direction, distance,
stream, river, lake, sea, island




uwWui 1:50,000 sidssTaamicoil
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. mwumaum
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‘Eﬂ'soafswowumu ‘IN‘LWI ausmsr

JEnsanniduduiiuiin

LouinTasvanaainlu

2.AMUAANIIaAN
(Outlet) yuaniin
3.viA3asnin ﬂjmqos{m”lu
LU ULKiatNuag
n19aan §

4. dinwdusutiuiniaanis
anEuLianIngIdn L&y
fuiluihagavarnduigu
contour

5.a5738auluilainanindluanangnivaan atanaluy
iduduiiuin uasiduguiihningasludadusaniin
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J8n13auLgu Contour

LHUL2N
Isolated hill

=p— surface water flow

2629t
Saddle
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fulIuarnuLN
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Saddle between
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Estimates reservoir inflow

Inflow (m.3)

Month Site 1 Site 2
Apr 2,410,008 1,868,199
May 4,400,884 3,411,494
Jun 6,810,892 5,279,603
Jui 8,173,070 6,335,632
Aug 24,519,211 19,006,896
Sep 16,555,706 12,833,716
Oct 20,118,327 15,595 402
Nov 6,810,892 5,279,603
Dec 5,072,628 4 629,885
Jan 3,981,752 3,086,590
Feb 2,724,357 2.111,877
Mar 2,305,225 1,786,973

Total 104,782,952\ 81,226,052

Capacity-Area-Elevation

Surface area(km2)
2.0 © 40

0 6.0
P A — 4 ;

‘ gt | capactym
=560 e i capacity(mcm.
"E*zopE s e height pacity( )
s ] (m) Site 1 Site 2
.;150_; Capacity curve 10 0.5 2.5
g 20 3.5 8.5
w

1000 J 20 - 40 . &0
Storage capacity(mcm.) 40 18.5 33.5
Surface area(km2)
P L 20 v v v 40 v " 60 g 31.5 48.0

g

Site 2 has larger storage
capacity at the same dam
height.

Area curve

pary
Ln

Capacity curve

Elevation in m.(msl)

0 + « s 200 % a_» A0 u _a u 60
Storage capacity(mem.)
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Reservoir flooded area
Storage Flooded area (km?2)
capacity Site 1 Site 2
(mcm.)

5 0.5 0.6
10 0.9 1.2
15 1.2 1.5
20 1.6 1.8
25 1.9 2.1
30 2.2 2.3
Site 2 has larger flooded area at the same reservoir storage capacity.

Site 1 Site 2
5 616 640
10 685 740
15 770 970
20 796 1,040
25 805

the same storage capacity.

Dam length (m.)

| Site 1 has shorter dam length for | * :

| Annual inflow(mcm)

| Storage capacity(mcm) 31.5 48.0
\| for dam height=50 m.
--'| Flooded area(km2) for 1.9 2.1

: capacity=25 mcm.

-| Dam length(m.) for 805 1,070 ||

-| capacity=25 mcm.

o ‘\h__ F: -__F""J_ ._'_Y |l

Site

_ Tentatively sité 1'is ™
. recommended.
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2. AN9NLATIZUUINN

38n1sussiviingin

1. msszdiviinvinannvdayauidu(nsdl Ungaged)
2. msudsziiuinvinann Specific runoff yield
3. msdsgfivanndayainvinyadaatizngiAes

2.1 misiszfivivinanntayaliidu(nsal Ungaged)

Monthly runoff(mm.) = Runoff Coefficient(%) x Monthly rainfall (mm.) /100

RUNOFF ESTIMATION CHART

100 [
Type of Terrain.- A
90 $—A - Steep mountainous area , no paddy field. B
B - Rather steep area , open forest. [}
C- Rolling area open forest, some peddy field. D
80 3D -Gentle slope area , many peddy field. =3
E - Flat area , many peddy field.
70 ] 1
? Y =aX+c, Y=Runoff , X=Monthly rainfall
= Ya =0.1305X + 8.501
Z 60 3vg =0.1295X + 5.711
3 Yo =0.1295X + 1.489
i Yp =0.1293X - 3.054
L 50 Ive =0.1293X -6.237
[}
(3]
&40
o
z
=]
£ 30
20
Remarks :-
1. At the beginning of Rainy Season on month of Apr, may , june decreases 3 -5 %
10 2. Atthe end of Rainy Season on month of Sep , Oct increases 5 %
3. For drainage area not exceeds 2,000 sq.km.
0 : : ! !
0 100 200 300 400 500 600 700

MONTHLY RAINFALL - »mm,
NuiasanTasenistas NaeeTATINTG ATHAALTIY
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Runoff coefficient
Typesof terrain _ |Formula
A(Steep) Y=0.1305X+8.501
B(Rather steep) Y=0.1295X+5.711
C(Rolling) Y=0.1295X+1.489
D(Gentle) Y=0.1293X-3.054
E(Flat) Y=0.1293X-6.237

Y=runoff coefficient, X=monthly rainfall

Remark: 1.Decrease Y by 3-5% for Apr-Jun.
2.Increase Y by 5% for Sep-Oct.
3.Drainage area not > 2,000 sqg.km.

ginaenvn1sUsEuvIvN
Estimate monthly runoff for the proposed dam site at Lat 18° 47' N
Long 98° 59' E. The terrain is rather steep slope with open forest or Type B.
Y=0.1295X+5.711
Watershed area= 42 lsq.km.
Month Rainfall  Runoff Coef. Adj. Adjusted Runoff Runoff
mm. % % Runoff Coef. jmm. 1,000m3
Apr 42.5 11.2 -5 6.2 2.6 110.9
May 111.0 20.1] -4 16.1 17.9 749.9
Jun 117.5 20.9 -3 17.9 21.1] 884.7
Jul 133.5 23.0 23.0 30.7 1,289.6
Aug 217.0 33.8 33.8 73.4 3,081.7
Sep 234.5 36.1 5 41.1 96.3 4,045.8
Oct 109.8 19.9 5 24.9 27.4 1,149.7
Nov 25.0 8.9 8.9 2.2 94.0
Dec 7.5 6.7 6.7 0.5 21.0
Jan 3.7 6.2 6.2 0.2 9.6
Feb 2.5 6.0 6.0 0.2 6.3
Mar 12.0 7.3 7.3 0.9 36.6
Annual 1,016.5 273.3 11,479.9
U3anmsrinnin =(2.64/1,000)*(42x1,000,000)=110,900 m.3




asyagaunanisudsasiufuisau

« elsziuiinvins el (Annual runoff volume)uasauiin
Fofifiui 42 as.nu. = 11,479,900 u.3

. Aruaiu Specific runoff yield #115u3niies
viau (das5/5/nw.2)

=1,000*Annual runoff(u.3)/Auti(nu.2)/(365%24*3,600)

= 1,000*11,479,900/42/(365*24*3,600)=8.7

- Specific runoff yield anaunuiisiar= 0-10
(1/s/km?)

. Asziiuaagitvinagtutheadulyle

ANAT Y% ANSNSTANELNYiNsELfian

nndayalrvinuasaand P.5

kianii P.5 R
Lat 18-34 Long 99-00 I
Wuniauuh = 1,569 as.nu. [
ms13daLNIsNTTAUUVINS LAY
hlsuardusuaaiae
anidoiday Maavigoiday [sanii P.5 ilau A Suusn
Month  pin1i1(1,0003.3) %% shawdiau (% siudiau (% saaéiau 1i11i1(1,000u.3)
IApr 110.9| 0.97 0.91 0.94 107.7
May 749.9 6.53 2.16 4.35| 498.9
Jun 884.7 7.71 2.89 5.30 608.2
Oul 1,289.6 11.2 6.03 8.63| 990.9
Aug 3,081.7| 26.84 21.45 24.15| 2,772.1
lsep 4,045.8| 35.24 30.51 32.8 3,774.2
Oct 1,149.7| 10.01 19.15 14.5 1,674.0
Nov 94.0| 0.82 11.43 6.12 703.1
Dec 21.0 0.1 2.96 1.57| 180.4
Jan 9.6 0.0§ 1.12 0.60 69.1
Feb 6.3 0.0 0.73 0.39 45.1
Mar 36.6| 0.32 0.66 0.49 56.2
IAnnual 11,479.9 100.00 100.00 100.00 11,479.9
Weights | 0.50 0.50
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% Monthly runoff distribution
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2.2 Specific Runoff
Yield (I/s/km?2)

Runoff Yield — (Vs/sq.km.)

( 0-10 )
[ 10-20

B 20-3

30 - 40

40 - 50

50 - 60

60 - 70

70 - 80

80 - 90

I | 9%0-100

§ 100 - 110

| mo-120

[ 120-130

B 0-140

B 140150

Developed by RID

o061

900 10200 10500
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58n15dszLfiuiinvinann

specific yield map

1. @1imn Specific runoff yield anAweau

. fifaanTicaidiau Lat 18° 47' N Long 98° 59' E

» Specific yield =0-10 I/s/km?2.

« duali Specific yield = 8.5 I/s/km?2.
2. Wuiswmihduvasdau(A)=42 nu.2
3. @1 runoff yield \n&a = 8.5%42= 375 |/s
4. Buestivinaail = 375(1/s)*(3600*24*365)/1,000

= 11,258,352 1.3

5. dvihsedau= 1vinseil* % aswanuasinvinsediau

2.3 A1sasvFUAITAT UYL ALY
s1uil (Ruuhainad)

Runoff Watershed Annual
station area(A), km2 runoff(Q),
mcm.

K.17 1,344 265.62
K.25A 367 63.96
K.61 1,839 430.12
K.62 2,247 449.49

Regional Approach: Q =kA"
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aun15ivinsail fuiaand

Q = 0.088A! 114

1000
g Q=0.088AL114
2 R2=0.993
£
g
£ 100
o
c
=]
o
s
>
c
[ =
<

10

100 1,000 10,000

Watershed Area(A) in sq.km.

L
1 o 1

G EU ﬂ'\‘i‘li’l‘i/h‘i'l el auuwn9

1,000
: Q= 0.512A0848
£ 100
o
ot
& 10
c
=
[~
®
3 1
g 1 10 100 1000 10000
Watershed Area(A) in sq.km.




fraE1IANTAILI AN YINRNNRNANS

- wiRuiguin(watershed area/catchment
area, A) 1a93anadtiau= 42 km?
.« MnFNATINVIeTuasgutwLinIe:
Q=0.512A0.8%
« Q=0.512*420848 = 12,18374 mcm.
« Monthly runoff(m3)
= % monthly distribution*Q*1,000,000

3. A3UNAIEN1NS LuAFIFAR1SLAS
aanuuu Spillway

Rational Method (for small watershed)

. Qpeak= 0.278CIA
* Qpeak= Peak flow in cms.
« C=Runoff coefficient for Rational formula

« I= Rainfall intensity (mm/hr) for a
duration (=time of concentration) and a
given return period (50-100 years for
small spillways)

« A= Watershed area (sg.km.)

09/04/61
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Runoff coefficient(C) for Rational method

Topographyand | Soiltexture |
vegetation Open sandy Clay and silt  Tight clay
loam loam

Forest Flat (0-5%) 0.10 0.30 0.4
Rolling (5-10%) 0.25 0.35 .50
Hilly (10-30%) 0.30 0.50 .60
Pasture  Flat (0-5%) 0.10 0.30 0.40
Rolling (5-10%) 0.16 0.36 0.55
Hilly (10-30%) 0.22 0.42 0.60
Cultivated ~ Flat (0-5%) 0.30 0.50 0.60
Rolling (5-10%) 0.40 0.60 0.70
Hilly (10-30%) 0.52 0.72 0.82

Schwab et.al(1971), Elementary soil and water conserv. eng., John
Wiley & Sons.

SCS formula for time of concentration

0.7

3 1,9005

t.=time of concentration in hours.

L=hydraulic length of
watershed(longest flow path), ft.

CN=SCS runoff curve number
s=average watershed slope(%)

Elevation

t.(hours)=distance(m.)/(velocity(m/s)*3,600)

09/04/61
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SCS-runoff curve number(CN)

Land use
A

B

C D

Min. infiltration rate(inch/hr.)

0.3-45 0.15-0.3 0.05-0.15 0-0.05
Forest Poor 45 66 77 83
Fair 36 60 73 79
Good 25 55 70 77
Pasture Poor 68 79 86 89
Fair 49 69 79 84
Good 39 61 74 80
Cultivated 59 74 82 86
1,000
L Rainfall Intensity-
£ | ——- Duration-
s B el .
£ g%’s Sy Frequency
5‘100 :\"‘ R i =] e B Curve
§ - SN il Upper Northern
< N - Part of Thailand
Pt \\\\ { -t
N ﬁ =4
10 . N \, N Duration=10 hrs.
—HHTNESSR Return period=50 years
S Rainfall intensity(i)=15
b mm/hrs.
j [ —

190

09/04/61
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Rational Formula

Q=0.278CIA

C(Forest, Rolling(5-10%), Clay and silt
loam)=0.35

i=15 mm/hr
A=42 sg.km.
Q=0.278*0.35*%15*42=4.087 cms.

-ﬂaﬁ”ﬂﬁﬁwadamsﬁmwnzﬁu“tuajuﬁwﬁa ANULAUAU UG
mgaﬁusiamsﬁmwn” ANuAATU AandnAquiy

-1y L'ﬂumms‘lumswmwmumannm«mmammmmms s
anaznauaziaiannuisinsruaihanadaulisnunsavam
aznaufusia‘lille

Turbid inflow Floating debris
= - p—— —
Coarse '*-u_____“ R Relatively clear water
Delta —
Fine sediments — —
Density current

mau‘lumau’m 2 uuuéa Suspended load vs. bed load
mam“l,vammaummmamnm mmtsans”mma”amaaua e
AIRNATNaL maLn‘umaomvimLauaumsaomnmunau Frotiu
vnaifingnauuin arofuthazgadannuaatiena
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LA au"l,m,wmumuwamaﬂmmwmum fofinasa
mmamomuavmamum LAZAITRNAZNAY
nsnmumﬂsumuuwamamssum eI 291526
Gl

Tuusaifinsdatangann sasinisasiodlsen
YU NI NUHN e

7A.72.07198 YAAE MATTAAINIINTALTENIUL N 2560 27

-Dead storage gnaanuuuann
dszanaaznaunaIninazanan
‘(umomnu‘maam angnsly
NuaasareLfuiin

Freeboard
Normal pool

-Top of dead storage
3an31 Minimum pool Aa
Al MuasEduaNAg
n1vaan (Outlet works)
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~ @unnsaisuin Dead Storage

auvmsaeim%nmﬂ%mmsmznauﬁmmu“lumoLﬁfu
i

V=c*d *A*n *1,000

V=volume of sediment trapped in reservoir(m3)

c= coefficient of terrain ‘s slope

d= rate of soil erosion(mm/year)

A= watershed area(km?)

n= useful life of reservoir(years)

Sources: RID standard for water resources project planning, 2" revision (June 2009)

Stream slope at dam site |c (coef. of terrain slope)
< 1:200 1.00
1:200 to 1:500 0.90
1:500 to 1:1,000 0.80
> 1:1,000 0.70
Watershed Soil erosion rate (d) in mm./year
area(km?) | Good cover, Medium cover Poor cover
< 100 0.20 0.25 0.30
100 - 1,000 0.15 0.20 0.25
> 1,000 0.10 0.15 0.20

Sources: RID standard for water resources project planning, 2" revision (June 2009)

09/04/61
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A=42 km?
c=0.9 (slope 1:200-1:500)
d=0.25 mm/year (medium cover)
n= 30 years
V=c*d *A*n*1,000

= 0.9*0.25*42*30*1,000

= 283,500 m3

al

-p'\':;szmﬂgtazms%"w‘j’mi‘]umsagmutaﬂ
iinanLaedlaile
-ﬁaﬁuf’iq:ﬁ'\Lﬂum”aomsmmmﬁzmu
Ltazms’ajw‘j’u 2N ldTdTun15aanwuy
219LALN

16



CLIMATOLOGICAL DATA FOR PERIOD 1971-2000

Station KHON KAEN Elevation of station above MSL (Mean Sea Level) 165 Meters]
Index station 48381 ‘baromeyter above MSL (Mean Sea Level) 166 Meters|
Latitude 1626 N Height of thermometer above ground 1.25 Meters|
Longitude 10250E Height of wind vane above ground 10.55 Meters|

Height of rain guage 1 Meters]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Pressure (Hectopascal)

Mean 1014 1012 1010 1008 1007 1005 1005 1005 1008 1011 1013 1015 1009
Ext. max. 1028 1025 1026 1021 1015 1013 1013 1013 1016 1020 1024 1026 1028
Ext. min. 1003 1001 998.8 997.4 997.8 994.9 996.6 994.3 997.1 1002 1003 1003 994.3

Mean daily range 555 586 596 565 504 416 399 4.11 458 47 481 515 4.96

Temperature (Celsius)

Mean 23.1 256 286 30 29 286 281 27.6 27.1 264 24.6 22.6 26.8
Mean max. 307 33 354 364 346 336 328 321 318 314 309 298 327

Mean rin. 16.8 195 226 247 248 249 245 243 238 225 219 167 223

Ext. max. 36.3 395 417 426 419 39.4 38 37 363 355 364 357 426

Ext. min. 58 104 111 185 198 215 21 21 203 146 94 56 56

Relative Humidity (%)

Mean 6s 62 59 63 73 76 77 79 & 78 71 66 71

Mean max. 8 8 79 8L 8 9 9 9 9 9 8 8 8

Mean in. 41 39 38 43 53 57 59 62 64 58 49 42 50

Ext. min. 1 10 10 14 24 31 34 41 40 27 21 15 10

Dew Point (Celsius)

Mean 154 17 188 214 23.2 23.5 234 235 23.6 21.8 184 152 20.4 Pa n
Evaporation (mm.) .
Mean-pan 134.8 1437 1921 196.5 178.4 1547 150.6 131.7 121.8 131.2 132.7 133.7 1802 evaporatlon
Cloudiness (0-10) d at a

Mean 26 29 33 49 67 77 79 83 73 56 39 29 53

Source: Thai Meteorological Department (TMD),

1. Reservoir evaporation
= Class A Pan evaporation * Pan coefficient
(Pan coefficient= c = 0.72)

2. Seepage rate (S)

Clay 1.0-1.5 mm./day
Loam 1.5-2.5 mm./day
Sandy loam 2.5-3.5 mm./day

Sources: RID standard for water resources project planning, 2" revision (June 2009)

3.02.99198 PRaca nARARINesNTALIENY 3N 2560 u
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Pan Seepage Evaporation &
Month | evaporation [Reservoir evaporation Seepage
(mm.) (mm.) (mm.) (mm.)
(1) 2) (3) = (2)*0.72 (4) =1.5*days| (5)=3)+ @)
Apr 235.7 169.7 45.0 214.7
May 167.6 120.7 46.5 167.2
Jun 113.7 81.9 45.0 126.9
Jul 103.0 74.2 46.5 120.7
Aug 85.6 61.6 46.5 108.1
Sep 98.1 70.6 45.0 115.6
Oct 130.2 93.7 46.5 140.2
Nov 135.0 97.2 45.0 142.2
Dec 127.9 92.1 46.5 138.6
Jan 125.7 90.5 46.5 137.0
Feb 152.1 109.5 42.0 151.5
Mar 214.3 154.3 46.5 200.8
53U 1,688.9 1,763.5

1,216.0

g @ittt nAdTAInITNIALlTENN

547.5

09/04/61
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n1su1dsunaiauEaYNIsUIAaITASINIS
Project water requirements

“Sunaenusasnisiniianisinizlgn
“isuaanudasmsinianisailina-uiina
=133 LANNG DY msm Lwamsammunssu
=133 LANUG DY msm Lwamsmaamm
=3u1aAnusaInsiNianIsEAIsTLL
fineinen

(1) anusavnrsunaldina-usdina

communi liter/capita/da
Metropolitan area 200-250
Small town 120

Rural area 50




(2)ausavn1sunaans1N55U

Rate(m3/rai/day)

aIus 12.00
LAdl 8.00
alany(Cement, Ceramic, Glass) 8.00
Tany 5.00
&ona 5.00
NITANY 4.00
\a3avdsedu (Accessory) 6.00
o 3.00
Outdoors-anuiiy, auwiiv(drying) 7.00
fuq 7.00

(3) ANusiavINITUNLNANNTVAILNEN

Catagory Consumption Rate
(liter/capita/day)

Overnight stay 300-400
tourists
Non-overnight stay 30

tourists

09/04/61



(4) ANURDINITUILNANSLALIRAT

_ Consumption Rate
liter/capita/da

- 80
&]N3 20
LAS-LbNE 15
gn3tln ((la-1A) 0.5

(5) anusasnsitianIsshensEuL

HaInan

« ANNGRINNTINVAIRUTVINEIN-Qmin(d/s)
- flasAuN1sIAFILRNINLLA
. Fnseduiinianisifuia
« yu2Auvinenin (Downstream uses)

« Flow Duration Curve Aatasadiiag1nium
AU AYNITULN AT UUTILAEINEN

* Normal Low Flow(NLF) = Q which exceeds NLF
at 0.75*365=274 days in each year.
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(6) Crop Water Requirements(CWR)

& Irrigation Water Requirements(IWR)

« CWR=Crop Evapotranspiration(ET,)
=K _*ET,

« ET,=Reference crop evapotranspiration
depending only on climate conditions

» K.=Crop factor depending on crop
characteristics (types + growth stages)

ANUEINISUN A2 (13.)

(nsuaadscniu)
2i* 700 733 722 677 688
IRPERE 305 330 324 299 305
2N TNA 344 372 365 337 344
duudas 366 395 387 358 366
daden 211 228 224 207 211
ENFU 390 421 414 382 390
i 462 498 489 452 462
aan 959 1,035 1,016 939 959
ustialnd 485 524 514 475 485
Tur5 360 389 382 353 360

FinmsHidualsana 1.5 uu./u
ANUGINTUILASENLLRIANI=200-300 uu.
ANuGavNsiIesaNLlasNudun liltdnd =60-90 uuw.
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Irrigation Water

Requirement(IWR)

«IWR=100(ETR,)/E,
«IWR(Paddy) =100(ET.+P-R,)/E,

Uszandniwnsralsynmu(g)

E_=field application efficiency
E,=field canal efficiency
E.=conveyance efficiency

ANAGEU E.  Aun

a
AUIIU 0.55 maaziuvaantiaginiiia
Aunuldudu 0.77 amau
LAtlen

AULKileN 0.80 “AamAanay




Field canal efficiency(E,)

AlAARDY E, NUEILNG)
ARDIAU 0.80

ARRIANA 0.90

5815 9t E.  wuaue
f9naantIal 0.90 eadn =0.85
9521177 0.80

______ Bample
E,=0.80*0.9*0.85=0.61

ET. calculation

09/04/61



climate grass

. reference

Radiation ‘L‘: _

Temperature + '}‘ : b%-?iﬂ -
Wind speed i n_ki:l.k;
Humty LRI

well watered

ch::ctor ETC

well watered crop
optimal agronomic ~ conditions

st Kcadjusted ETC adj

water & environmental

97.07.99198 BHERSS nATTAAansINTALlTzN1L NN, 2560

Gusiieiine s for

BT malir rjuisere

» Crop evapotranspiration
- Guidelines for
computing crop water
requirements - FAO
Irrigation and drainage
paper 56

« Download from FAO

o _—LL o WATER:
I http://www.fao.org/nr/w
e 1 ater/infores_pubs.html
[ S——
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CROPWAT 8

@’CRdi’WAT - Session: untitl

File Edit Calculations Charts Settings Window Language Help

0D .& . d & | & B &

Hew Open Save Claze Frint  Chart  Options

o 8 Monthly ETo Penman-Monteith - G:\00-training\Irrigation project planning-7Mar\Bhutan-cropwat\CH... ;IEIE

CIima’l::fETD Country |Localion 2 Station |CHAMDRAGADHI-Mepal
Altitude ’W m. Latitude ’ﬁ sM v Longitude ’W £ -
Month Min Temp | Max Temp Humidity Wind Sun Rad ETo
7C C k4 kern/day hours S Aday mmdday
January 234 G 85 79 146 2.26
February 1.9 263 B3 104 8.4 173 302
* March 159 320 56 iH 88 204 438
Lron April 202 348 37 147 88 223 592
May 231 340 &7 147 81 221 5.38
" June 251 330 77 130 5.3 181 438
Sail July 253 322 82 il 42 1E3 386
August 249 323 84 104 48 &3 374
Seplember 240 37 86 95 5.7 166 362
& October N7 3.4 74 88 71 163 352
B0 November 154 298 ] 78 81 152 293
December 109 247 76 78 7.8 137 216
et Average 191 30.5 70 108 71 17.4 3.76
€kl ARTITTIE AT TP T IaT TS T T, 2560 T

) CROPWAT - Session: untitled
File Edit Calculations Charts Settings Window Language Help

b . . d & | &

Mew Open Save Cloge Pririt
s @ Meonthly rain - G:\0O-training\Irrigation project planning-7Mar\Bhutan-cr...
Climate/ETo Station |CHAMDRAGADHI-Mepal Eff. rain method (USDA 5.C. Method
Rain Eff rain
b 1 mrn mrn
s January 549
February 18.0 175
¥ March 13.0 18.4
Crop April g2.0 55.8
May 188.0 131.4
June 3300 164.0
g3 July 7300 198.0
Soil August 406.0 165.6
September 4560 1706
October 111.0 L8
“ Movember 3.0 249
CwWR December 8.0 74
Total 2403.0 1035.4
i 3198 aflacd nastalssmy
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) CROPWAT - Session: untitled

File Edit Calculations

s
W

Charts  Settings Window Language Help
O ,&.,.d of | &
Mew Open Save  Close Print

@ Dry crop - C\ProgramData\CROPWAT\data\crops\FAO\MAIZE.CRO

Crop Name |MAIZE (Grair]

Planting date |19/02

o] o]

Harvest |21/06

Climate/ETo
e BRI
ke
Rain — 030 — I
Values | 035
Stage iritial development mid-seasan late season total
¥ (ays)| | | 5 | 40 E] [ 125
Crop
R
: Rooting depth ---""""-—-...________ e
b3 fm) | 1.00
Sol Critical depletion ,— ,— ,—
(fraction] 055 055 0.80
Y Yield response £ | | 040 | 040 [ 130 | 080 | 125
CWR Cropheight [m) 200 [optibna)
E) CROPWAL - session: untitied
File Edit Calculations Charts Settings Window Language Help
0 &
Close Print ~ Chart
. @ Crop Water Requirements EI@
i 5
Climate/ETo ETo station |CHANDRAGADHIMepz Crop (MAIZE (Grain)
Rain station |CHANDRAGADHI-Hepz Planting date (18/0z
Q Month Decade Stage Ke ETc ETc EFff rain Irr. Req.
Rain coeff mm/day mm/dec mmn/dec rrn/dec
Feb 2 Init 030 0.50 27 18 2%
* Feb 3 Init 0.30 1.04 83 2 21
Mar 1 Deve 030 119 149 49 70
e Mar 2 Deve 0.4 203 203 44 168
Mar 3 Deve 073 355 3341 62 2919
e Apr 1 Deve 099 548 h48 133 418
Soil Apr 2 Mid 117 7.6 716 16.8 548
Apr 3 Mid 118 B.92 E9.2 258 433
May 1 Mid 118 E.55 185 367 287
” May 2 Mid 118 B34 B34 458 175
CwR May 3 Late 1.09 5.49 E04 488 e
Jun 1 Late 0.81 379 379 510 0.0
Jun 2 Late 053 232 232 B4.E 0.0
@ Jun 3 Late 036 153 &1 1nr 3
phedulc 5312 312 2582
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£ CROPWAT - Session: untitled

File Edit Calculations Charts Settings Window

Language Help

0O, = ., H =} =l
New Open Save Close | Pint
sl Cropping pattern - untitled E‘@@
CIima’t;lETu Cropping pattern name  |Bhutan
- No. Crop file Crop name Phaanlleing H?i'a‘;eeﬂ A?a
Haln 1. [“ata\CROPwWAT data\crops\ FAONMAZE CRO. .| [MAIZE (Grain) 1802 22706 50 2
2 [ \CROPWAT\dalaborops\FADNCOTTON.CRO. .| [COTTON 18/02 [31708 50
¥ 3. =l 18/02
Lirop 4 T[] 18/02
. 5. | il 18/02
:‘:ﬂ 6. | T[] 18/02
7| il 18/02
W 8. | T[] 18/02
CwR 9| 5| 18/02
10| T[] 18/02
bt 1] =il 18/02
12| T[] 18/02
& 13| = 18/02
Crop Pattern 1 -l,l _J | 18/02 =i
15.] =l 18/02
L] 16| T[] 18/02
2 17| fonf (T2 E N |
%) Scheme Supply =1 Hen ™
ETo station JEHANDHAGADHI-NepE Cropping pattern
Rain station |CHANDRAGADHI-Neps
Jan | Feb | Mar | Apr | May |Jun | Jul |Aug| 5ep | Oct | Hov | Dec
Precipitation deficit
1. MAIZE [Grain] 00 : 48 528 | 1397 578 | 31 [ 00 | 00| 00| 00 | 00 |09
2. COTTON 00 | BY 35| 823 | 544 |28 |00 (00| 00O 00 | 0O | DD
Met scheme in_req.
in mm/day oooon2 14 3.7 18 |01 |00 | 00| .00 0O | 0O | DO
in mm/month 00| A7 441 | 10| 561 [ 29| 00 | 00| 00| @0 | 00 |00
inlfs/h oo o020 06 043 021 001 000 000 000 000 000 000
Imgated area 00 1000 1000 1000 1000 w000 00 0 00 00 00 00 0o
[% of tatal area)
Irrreq. for actual area poo o 002 0 | 043 021 001 000 | 000 QOO0 000 000D 000

[I#z/h)

09/04/61
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ANSUIAUIADIILALUN

uann1s |
-avaaviazunatanngauaiiliunn
‘Lhw’fi?.Nwaf‘i’umwm”aoms’lﬁﬁhﬁe’ﬂ
Tuininga | 5
-"hﬁnmm’mwtﬁﬂos\'amsgnmh <
20% Tunis3antaavnisidiinainane
Tuszaza

Rain(+) Reservoir water
/—/\\\

—~—

— balance

Inflow(+) Evaporation (-)
Normal pool Tlf(f

1

If volume>Normal pool

Dead Storage

Seepage (-)

09/04/61



Vie1 =V +Q+P.-R. - E, - Se,

Storage volume at beginning of month t+1 and t

Q

Se,

max

Vmin

Reservoir inflow volume in month t
Water release volume in month t

Reservoir evaporation volume in month t =e*A,
€, =evaporation rate
A=average water surface area

Volume of rainfall in month t=p*A.*(1-c)
p=rainfall in month t (mm.)
c=runoff coefficient

Seepage volume in month t=BK(V,,;-V,)
BK=bank storage coefficient

Storage volume at normal pool
Storage volume at minimum pool

Jatl AR T AfansNTALTENIU NN, 2560

Vier= Vit Qi+ P-Ri- Ei-Se,

If Vt+1 > Vmax
SPILLt = Vi+1-Vmax
Vt+1 = Vmax

J

If Vt+1 < Vmin
DEFt =Vmin-Vt+1
Vt+1 = Vmin

C Ry

09/04/61
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MATIANISAIAUIN B LALLUN

(reservoir sizing)

1. 38n5 W (Rippl diagram)

2. ")ﬁmszhaaomsﬂﬁﬂ’ﬁm?aﬁotﬁnﬁ'\ (ROS)
- Tddusadaulurvilidngs
R ald §
- lai'ldagviaunisladinluthlag W Hujiaseuf
garunisaltlningavinilu

3. Msitaadaauiuiin (Reservoir Simulation)
- Tafiayaszazalunisinaay
- Tdgfansiisaauiitaasade 1y
HEC-3, HEC-Ressim, Mike Basin

A TUNISUNAUIADIILALILN

1. wneuainilafsd w3y reservoir operation study
-hitAansmnainluivinanb
-5 anin luaauae < 3% wasanulaanuuy

2. wnariiilddmsunisinaasaraiiuiin (reservoir
simulation) Tuahvszazen
- ganlvitnianisauiatnlunaazille luAu 20%

Sources: RID standard for water resources project planning, 2" revision
(June 2009)
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Reservoir operation study-ROS

RESERVOIR OPERATION STUDY

Project. Average Annual Runoff Volume. Reservoir Capacty...
Tambol. Est. Max. Flood Discharge.... Dead Storage

Amphur, Elev. Max. Flood.., Storage of Flood Surcharge..
Changwad. Elev. Spilway Creast. F.S.L Area

Drainage Area..
Average Annual Rainfall...

Elev. Top of Dam.
Elev. Bottom of Outkt...

Size of Outlet , Right Bank......
Size of Outlet , Left Bank.

Start ROS in month(1 - 12) 10

Ro\ ITEM PERIOD
No. 0ocT NOV DEC JAN FEB MAR APR MAY JUN UL AUG SEP
1 |Average rainfal mm.| 97.6 15.2] 3.2 2.7| 3.0/ 4.8 27.7| 188.5] 270.8| 310.0 348.4) 222.6|
2 |Evaporation and Seepage mm.{ 140.2' 142.2' 138.6' 137.0' 151.5' 200.8' 214.7| 167.2' 126.9' 120.7| 108.1| 115.6|
3 |Storage volume at start of period 1,000 m.%| 19,000.0{ 2,953.7| 7,741.6| 10,204.4{11,830.9] 12,683.0[13,276.9| 13,807.4| 15,6105 10,507.9| 12,055.2| 19,000.0|
4 |Inflow from runoff 1,000m.%{ 9,717.6| 5189.5| 3,001.8 1,984.2| 1,322.8 1,119.3 1,017.5| 2,086.0 3,205.3] 4,019.3| 7,529.9| 10,684.3]
5 [Average water surface area of reservoir 1,000 m.4 1,300.0| 800.0] 1,100.0f 1,100.0| 1,150.0] 1,150.0 1,000.0] 800.0] 950.0| 750.0] 850.0) 1,250.0f
6 [Rainfal over water surface area 1,000 m.’| 126.9] 12.2] 3.5 3.0 3.5 5.5 27.7| 150.8] 257.3) 232.5] 296.1] 278.3]
7 |Evaporation and Seepage 1,000m3 182.3| 113.8] 152.5| 150.7] 174.2] 2309 2147] 133.8]  120.6| 90.5| 91.9|  144.5]
8 [Net inflow 1,000 m.2{ 9,662.2| 5,087.9| 2,852.8| 1,836.5 1,152.0] 893.9| 830.5| 2,103.0| 3,342.0] 4,161.3| 7,734.1| 10,818.0)
9 |Volume of water avaiable for period 1,000 m.?| 28,662.2| 8,041.6| 10,594.4f 12,130.9|12,983.0| 13,576.9]14,107.4| 15,910.5| 18,952.4 14,669.2| 19,789.4 29,818.0)
10 |Requirement for rice per rai m.J] 390.9) 125.3| 35.6| 0.0f 153.5)
11 [Requirement for upland crop per rai mJ 365.1] 15500 161.3] 573.9] 567.1]
12 |Water volume required for rice - rai 1,000 m.?| 25,408.5} 8,144.5|  2,314.0 0.0 9,977.5]
13 |Water volume requied for upland crof 1,000 m. | | oo 0o oo oo 09 | |
14 [Water volume required for water supply 1,000 m. 300.0' 300.0' 300.0' 300.0' 300.0' 300.0' 300.0] 300.0' 300.0' 300.0] 300.0] 300.0f
15 |Water vouime required for pumping station 1,000 m.
16 |Water volume required for period 1,000 m.?| 25,7085 300.0] 300.0f 300.0] 300.0 300.0] 300.0] 300.0| 8444.5 2,614.0] 300.0| 10,277.5
17 [Shortage (If row 9-15 less than dead storage) 1,000 m.} | | | | | | | |
18 |Excess or spil (In flow 916 more than res.cap.) 1,000 m. | | | | | | | A 489.4]  540.5
19 |Caried over to next period 1,000 m.”| 2,953.7| 7,741.6] 10,294.4] 11,830.9|12,683.0| 13,276.9]13,807.4| 15,610.5 10,507.9] 12,055.2| 19,489.4] 19,540.5]
Total net inflow = 50,474.4 1,000m.*
Total demand= 49,444.5 1,000m.*
Total spilage= 1029.9 1,000m.* 2560
Total shortage= 0.0 1,000m.*

ailgniggelu = 65,000 15

20,000
cg 15,000
[l
D-.
=
@
o —=—Reservoir storage(1,000m3
€ 10,000 voir storage(1, )
g —=—Max. storage(1,000m3)
‘;6-_ —=—Min. storage(1,000m3)
@ 5,000
@
[«
0
g 2 W C O = = > 35 Wwoyg
c28s8¢gs833°28¢
5 QRS MR 9THTALTENIU 1N 2560 8
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RESERVOIR OPERATION STUDY

Project. Average Annual Runoff Volume... Reservor Capacty.

Tambol. Est. Max. Flood Discharge.... Dead Storage.

Amphur, Elev. Max. Flood.... Storage of Flood Surcharge...
Changwad. F.S.L Area.

Drainage Area. Size of Outket , Right Bank.

Average Annual Rainfall.

Size of Outlet , Left Bank.

Start ROS in month(1 - 12) 10

Ro\ ITEM PERIOD
No. 0oCT NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP.
1 |Average rainfal mm. 97.6| 15.2| 3.2 2.7] 3.0] 4.8| 27.7] 188.5| 270.8] 310.0 348.4| 222.6)
2 |Evaporation and Seepage mm.| 140.2’ 142.2' 138.6' 137.0[  151.5| 2[}0.8' 214.7| 157.2' 125.9' 120.7] 108.1' 115.6f
3 |Storage volume at start of period 1,000 m.? 19,000.0 8,817.2 13,605.1| 13,967.3[14,573.8| 14,458.1|11,608.6| 8,736.5( 10,539.6|  7,316.5] 9,397.8| 16,832.0
4 [Inflow from runoff 1,000 m. 9,717.6| 5,189.5| 3,001.8| 1,984.2| 1,322.8| 1,119.3 1,017.5| 2,086.0| 3,205.3]  4,019.3 7,529.9| 10,684.3
5 |Average water surface area of reservoir 1,000 m.{ 1,300.0f  800.0 1,100.0[ 1,100.0| 1,150.0] 1,150.0| 1,000.0f 800.0| 950.0} 750.0) 850.0 1,250.0]
6 [Rainfall over water surface area 1,000 m.’| 126.9] 12.2] 3.5 3.0 3.5 5.5] 27.7 150.8] 257.3] 232.5] 296.1] 278.3|
7 |Evaporation and Seepage 1,000 m.’| 182.3] 113.8] 152.5] 150.7[ 174.2| 230.9] 214.7] 133.8] 120.6| 90.5] 91.9| 144.5|
8 |Net inflow 1,000 m.{ 9,662.2| 5,087.9 2,852.8/ 1,836.5 1,152.0) 893.9] 830.5 2,103.0| 3,342.0| 4,161.3| 7,734.1| 10,818.0)
9 |Volume of water avaiable for period 1,000 m.?| 28,662.2| 13,905.1 16,457.9| 15,803.8|15,725.9| 15,352.0|12,439.1| 10,839.6| 13,881.5| 11,477.8| 17,132.0| 27,650.0
10 |Requirement for rice per rai m.’| 390.9| 125.3] 35.6) 0.0] 153.5|
11 |Requirement for upland crop per rai m.| 365.1| 1550 161.3| 573.9) 567.1
12 |Water volume required for rice - rai ,000 m.| 19,545.0) 6,265.0]  1,780.0 0.0[ 7,675.0)
13 |Water volume required for upland croj ,000 m.’| 2,190.6| 930.0] 967.8| 3,443.4 3,402.6)
14 [Water volume required for water supply 1,000 m3  300.0 300.0]  300.0f 300.0]  300.0] 300.0[  300.0] 300.0] 300.0) 300.0] 300.0| 300.0]
15 |Water vouime required for pumping station 1,000 m.]
16 |Water volume required for period 1,000 m.?| 19,845.0|  300.0| 2,490.6| 1,230.0| 1,267.8| 3,743.4| 3,702.6| 300.0| 6,565.0| 2,080.0] 300.0] 7,975.0
17 |Shortage (If row 9-15 less than dead storage) 1,000 m. |
18 |Excess or spill (In flow 9-16 more than res.cap.) 1,000 m.’| 675.0)
19 |Caried over to next period 1,000 m.’| 8,817.2| 13,605.1| 13,967.3| 14,573.8|14,458.1| 11,608.6] 8,736.5[ 10,539.6] 7,316.5] 9,397.8| 16,832.0[ 19,675.0)
Total net inflow = 50,474.4 1,000m.*
Total demand= 49,799.4 1,000m.*
Total spilage= 675.0 1,000m.> 3.6%
Total shortage= 0.0 1,000m.*
300 il 2560 9

2mgaHu= 50,000 1

Wi'ligquav= 6,000 ‘s

20,000
§ 15,000
Q
=
fé{: 10,000 —s—Reservoir storage(1,000m3)
g —=—Max. storage(1,000m3)
-§ —»—Min. storage(1,000m3)
g 5,000
&

0

Oct
Nov
Dec
Jan
Feb
Mar
Apr
May




30,000

70,000

60,000

50,000

40,000

30,000

Curmu, Net inflow, Camu, Dzmanditem)

20,000

10,000

4]

Firm yield(mcm/yr) Storage capacity(mcm)
30

40
50

o1 2 32 4 5 6 7 B

7A.A7.93198 96

Menth

atind ned

TaANTINTALTZNIL NN, 2560

7.3
11.9
17.8

—&— Cumu. Net inflow
—a— Firm yield=30 mcm/fyr
—a— Firm yield=40 mem/yr

—8— Firm yield-50 mom/fyr

10 11 12 13 14 15

#.02.99798

o \\

Y 1

3TN

\

AANSSHTALISZNU M. 2560

\/f\!
/\\/\%
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s 0 i A ims el AudmaTmand due inndiasman 2o
| b k - d

120 20
:s: 100 ==-Cumulative cost i
g —(Cumulative benefit E‘
ir 80 - = c
2 10
) e
W b=’ &
A v L0
g 5
5 2 §-zo
0 ]
0 230
01 23 456 78910
-40
year
- (=1
Payback period = 7 1
Break-even Analysis
60,000 [~ ‘
50000  Profit
e
§ 40,000 [~ |
o Break-Even
K = Point
- 30,000 } Variable
Ej | Costs
20,0001 I )
Loss i
1 :
10,000 [~ ! Fixed
1 Costs
| | | l |
500 1,000 1,500 2,000 2,500
Units of Output
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Cash Flow Diagram + Time value of money

P=Present
P G 4 F=Future
A=Uniform
o 5 G=Uniform

4 .| Gradient

T

s -=payment/p

(P/F, i%, n)=Single Payment Present Worth Factor
(P/A, 1%, n)=Uniform Series Present Worth Factor

(P/C, 1%, n)=Uniform Gradient Present Worth Factor

Discount Formula

FPi%n) = () (AVF, i %,n)
aa o 2

(PIF,|A,n) = [W] (AIP,i%,n)

WG i) = ] (FA %

(PG, i%,n)

L+ L (PIA, 1%, n)
|
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PV(B))

= yaatatunadnadseladisansn i

PV(C) = yaAiagfunasAaInusIanIsi i

61 NPV >0
61 NPV <0

I = Discount rate
Opportunity Cost of Capital
AL Tan§uaIiuny

NNgaNTULdILATH S ANRAS
TimnngauludoLAs s AEnT

100,000
900,000

4

. 800,000
§185 600000 700,000
+ 0 1 2 3
; 100,000 * i l
518318l 200000 300,000 400,000

1,000,000

500,000

100,000
?4

1,000,000

Po=-1,000,000
F1=+600,000, -
100,000
F2=+700,000, -
200,000
F3=+800,000, -
300,000
F4=+1,000,000, -
400,000

Po=-1,000,000
A= +500,000

F4=+100,000
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NPV = SPV(Bi)-ZPV(Ci)

NPV = 500,000(P/A,10%,4)+100,000(P/F,10%,4)
-1,000,000

= 500,000(3.169865)+100,000(0.683013)-1,000,000

= 1,584,933+68,301-1,000,000 = 653,234 > ....OK

Use Excel Functions
NPV= 500,000*PV(10%,4,-1)+100,000*PV(10%,4, ,-1)

-1,000,000
=653,234>0 ..... OK

10000 | | po=-1,000,000

o 800,000 | | F1=+600,000
‘a"lﬂ_llf‘l-l 60000 10%000 e | F2=+700,000
0 1 2 3 4 F3=+800,000
‘ l F4=+1,000,000
. 100,000 A= -100,000
200,000 ’
8N 300,000 400 00 G=-100,000

1,000,000

NPV =-1,000+600(P/F,10%,1)+700(P/F,10%,2)+800(P/F,10%,3)'

+1000(P/F,10%,4)-100(P/A,10%,4)-100(P/G,10%,4)

=-1,000+600/1.1+700/1.12+800/1.13 +1000/1.1*
-100*3.169865-100*4.378116=653,234

Uniform gradient present worth factor
(%)= 10%
n= 4
(P/G,%,n)= 4,378116249
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AM3AUIAAIE Excel

1= 10% Discount

Year |Investment Costs| Operating costs| Benefits | Salvage value B C factor

-1,000,000 0.00] -1,000,000] 1.00000
-100,000f 600,000 600,000.00[ -100,000f 0.90909
-200,000f 700,000 700,000.00f  -200,000f 0.82645

-300,000f 800,000 800,000.00f  -300,000f 0.75131

-400,000{ 900,000] 100,000 1,000,000.00f -400,000f 0.68301] 683,013

Total | 2,408,032

NPV

Economic Internal Rate of Retur

» EIRR @a i luaun1sv wad vinl NPV = 0

» &1 EIRR > MARR 1A59N15HANULRUCRHUNY
LATHSANRAT

» 61 EIRR < MARR 1A59M5 LtBuNg®uNIILATIH S ANG
» MARR=Minimum Attractive Rate of Return
—dATINARALLNUAITRINUT UGN

NPV, NPV
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— i men un\nd:mn Augimmmgn fu ndnuaImAnT 2560
25A1%1i1A1 EIRR
> JNNG | Arudaunn NPV |
» 61 NPV > 0 U&a931 | ARuNAT A6
vinll Tviauué i wagAuiaam NPV 1
NPV <0 |

» 1i1n15 Interpolate wia1 i Nvinluw NP
NPV“

* EIRR
Nevif - \\@
3 P
: \
NPVl S

(i2-i1)*NPV1
(NPV2-NPVI)

EIRR=i1+

3
=

faatnedt 2 a0 EIRR aadlasanisiin
waznalseleai awwandly Cash Flow
Diagram ‘lushasnam 1

ANatni 1 ai = 10% @1 NPV=653,234 ugadin i vaaduly

09/04/61



W i=35%
NPV =500,000(1.99695)+100,000(0.30107)-1,000,000
= 998,474 + 30,107 - 1,000,000 = 28,581

Wi i =40%
NPV=500,000(1.84923)+100,000(0.26031)
-1,000,000

= 924,615 + 26,031 - 1,000,000 = -49,354

800,000

600,000

10 653,234
20 342,593 5 ‘o
Q.
35 28,581 2 N

200,000

-49,354

EIRR =35 + (40-35)(28,581)/(28,581+49,354)
=35 + 1.83 = 36.83=37%
EIRR(37%) > MARR(10%)

LAUNSAUNILATRHFARASLATAITAINY
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A B © D E
1 |i=| 10%
Investment |Operating Salvage
2 Year |Costs costs Benefits value
3 10| 1,000
4 |1 100 600
51| 2 200 700
6 | 3 300 800
7| 4 400 900 100
| 8 IRR=
| 9 Excel function=IE
l f NP: 4 \
‘ NP: ¥
I } e
* f NP: \ /zmnz
' Large EIRR1\/
4 Large‘ e ] m
1 ¥ F i N\
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1%
2%
3%
4%
9%
6%
7%
8%
9%
10%
11%
12%
13%
14%
15%

NPV
1,482
-43
-8a9
-1,276
-1,357
-1,238
-0a3
-674
-314
63
442
813
1,169
1,508
1,827

P P=8,000
F=25,000

A=1,000
N=30

01

2,000
1,500 IRR1 =1.9631%

1,000 IRR2 =9.8339%

504} \ /
0
_opp 0% \ 5% /1/0%

o
=

-1,000

-1,500

-2,000

1%
2%
3%
4%
9%
6%
1%
8%
9%

NPV
-1,482
43
880
1,276
1,357
1,238
go3
674
314

10% -63

11% -442

12% -813

13% -1,160

14% -1,508

15% -1,827

P=8,000

F=25,000
A=1,000
N=30

2,000

1,500 EIRR1

1.9631%

1,000

9.8339%

500

20%

09/04/61
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B/C Ratio

»B/C = SPV(Bi) / =PV(Ci)
»B/C>1 OK
»B/C<1 NotOK

AansiuusnalseladtiuazAaey

100,000
» B=se'ladsydnl+ T O B
YaA12n to |
» C=riuavnulutlusn+ mxm v L l
| AT S Slar ' W
AlHiaeuiluan NEAY |
| amu I 20T
| »B/C=
| 2,408,032/1,754,798
=1.37>1

300,000 000

11



BV + T ...... T ...... T ......
ﬂﬂﬂigiﬂslﬂi = i’]ﬂ%l‘u 0 1 2 3 4

nannn — Anljunan

B/C=1,653,234/1,000,000
=1.65>1

B/C=PV(10%,4, 500,000,100,000)/1,000

09/04/61
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]
add

19N

ATAINUNINNA =

=stsss ssemssssasssssss:

ATAINUABUITN — YAAT
daguinuasyad1sin

» B/C=1,584,933/931,699
> =1.7>1

| B/C=PV(10%,4,-500,000)/(1,000,000-PV(10%,4,,-100 ‘“

Mutually Exclusive Alternati

P MuUfanuuuaaifan
TADUKTL

09/04/61
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tnaitlunisaalutasenisiuu Mutually Excl

> inrinsenaulasimsaingnuuds NPV,
EIRR, B/C taflaianignsii «1 Tasans 1 m
Tanamsinduladn “vansu’ wie “Ufias mada
aglifinadamaiadulalumadanug
> iniutunsdivas Mutually Exclusive assa
Fanmadanitivadiligean iamadanh NPV
GG [2 |

> ualilamadani EIRR gegaiia B/C gegn

i= 10% (Miaa: @uun)
Alternative 1 | Alternative 2 | Alternative 3 | Alternative 4 | Alternative 5 |Alter|

IYear |Cost Benefit [Cost |Benefit  |Cost [Benefit |Cost |Benefit |Cost Benefit  |Cost B

0 75 1 10 1| 40 1/ 115 1115 1 0

1 14 2.5 10 22 23

2 14 2.5 10 22 23

3 14 2.5 10 22 23

4 14 2.5 10 22 23

5 14 2.5 10 22 23

6 14 2.5 10 22 23

7 14 2.5 10 22 23

8 14 2.5 10 22 23

9 14 2.5 10 22 23

10 14 2.5 10 22 23

136.18

PV= 75/87.024 10 16.361] 4062.446| 115 0 115 142.325
NPV= 12.024 6.361 22.446 21.180 27.325
Ranking 4 6 2 3 1

09/04/61
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A5t EIRR w3a B/C
AATEKilasInsuuy Mutually Exc

»Incremental Analysis

EIRR

Investment

x6 29

EIRR

PYUABUNITLRANNILAAN UL

Mutually Exclusive a4 EIRR

MARR

1. Swdaumadanmaumamsamu (Investment Sizé
2. mwwm EIRR vasmadaniifidfamudiign

3. m EIRR wammadeniifidiamusiign snanin MARR |1
dusinansula’ widh EIRR < MARR Tilfjias uazin
EIRR wammadaniifimamugennllannssiglamaida

MARR

w Incremental Analysis sswihamaidanTuai
mataaniifimamuganianll

i Himnssuualisnu audinnssumand dusaen awiinndeosnsmani 2560

09/04/61
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Incremental Analysis

1) mmnmsadnvanailszlomissnitamaidanda (3) dumal
aamuganian U
2) MINHLa s NUMIATANUIZHINMaEanda (3) numadanii
gandsnald
3)mmwam Incremental Economic Internal Rate
Return (AEIRR) mnuassvasmalszloni uaznaivasdias
4)m AEIRR > MARR Tmaanmamﬂnwmmmmmnummq )
AEIRR < MARR ‘Imaanmamannummwuuwmq
5y Incremental Analysis vasmadanfivida asldmadaniii
fgalwBaAsugmany :

GIQ@EI'NVI 3 SLWJLﬂ'i"]”‘MVI’W\‘IL@ﬂﬂVWWI

magenuuu Mutually EXC|USI
maden Teflinaeu waznadsslam

sl Tnel$32 Incremental
EIRR Avwua MARR=10¢

09/04/61
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NPV
i= | 10% (vivaa: 8uunn)
Alternative
Alternative 1 | Alternative 2 3 Alternative 4| Alternative 5
Year | Cost | Benefit | Cost | Benefit |Cost|Benefit|Cost| Benefit |Cost| Benefit
0 75 1 10 1 40| 1 115 1 |90 1
1 14 2.5 10 23 20
2 14 2.5 10 23 20
3 14 2.5 10 23 20
4 14 2.5 10 23 20
5 14 2.5 10 23 20
6 14 2.5 10 23 20
7 14 2.5 10 23 20
8 14 2.5 10 23 20
9 14 2.5 10 23 20
10 14 2.5 10 23 20
PV= 75 | 87.024 | 10 | 16.361 | 40 |62.446 | 115 |142.325| 90 | 123.891
NPV= 12.024 6.361 22.446 27.325 33.891
anking 4 6 3 2 1

Q/ = = o Q/ 1 Qs
AR LIENNIILaanAINAIOLATIAINUINNUAE
MARR=[10%] (e &1uun)
Alternative 6
Do Nothing | Alternative 2 | Alternative 3 | Alternative 1 | Alternative 5
Year |Cost| Benefit | Cost | Benefit | Cost | Benefit | Cost | Benefit | Cost | Benefit
0 0 1 10 1 40 1 75 1 90
1 1 2.5 10 14 20
2 1 2.5 10 14
3 1 2.5 10 14
4 1 2.5 10 14
5 1 2.5 10 14
6 1 2.5 10 14
7 1 2.5 10 14
8 1 2.5 10 14
9 1 2.5 10 14
10 1 2.5 10 14

mgEaTAST 2500

09/04/61
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Incremental EIRR

AEIRR (nag: @uun)
Alternative 2 vs. Alternative 3 vs. Alternative 1 vs. Alternative 5 vs.
Alternative 6 Alternative 6 Alternative 3 Alternative 3
Year | AC| AB |(AB-AC) AC | AB |(AB-AC)| AC AB | (AB-AC) | AC AB | (AB-AQ)
0 10/ 0 -10 | 40 0 -40 35 0 -35 50 0 -50
1 1.5 1.5 9 9 4 4 10 10
2 1.5 1.5 9 9 4 4 10 10
3 15| 15 9 9 4 4 10 10
4 15| 15 9 9 4 4 10 10
5 15| 15 9 9 4 4 10 10
6 15| 15 9 9 4 4 10 10
7 15| 15 9 9 4 4 10 10
8 15| 15 9 9 4 4 10 10 .
9 15| 15 9 9 4 4 10 10
10 15] 15 9 9 4 4 10 10
AEIRR 8.14% 18.31% 2.50% 15.10% 3.
MARR 10% 10% 10% 10% 10!
Choose Alternative 6 Alternative 3 Alternative 3 Alternative 5 | Altern

RANKING: Alternative 2 < Alternative 6<Alternative 3;
Alternative 1 <Alternative 3 < Alternative 5; Alternative 4 <

35

3A.A1.23198 @ dud My Timasmala audmasmaad o amiinduosasmani 2560

[}
Sl

nsidanlasenisuuy Mutually
Exclusive mawnamiaas B/C

etz Incremental B/C  swuain i = 10%

s i mffimessusadisnn ausimnsunand s o doumes 2560

> fateii 4 Diliangimadaniiangn antayaludiatid

09/04/61
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B/AC

10%

(M &1uun)

Alternative 2 vs.

Alternative 3 vs.

Alternative 1 vs.

Alternative 5 vs.

Alternative 6 Altyernative 6 Alternative 3 Alternative 3
Year AC AB AC AB AC AB AC AB
0 10 0 40 0 35 0 50 0
1 1.5 9 4 10
2 1.5 9 4 10
3 1.5 9 4 10
4 1.5 9 4 10
5 1.5 9 4 10
6 1.5 9 4 10
7 1.5 9 4 10
8 1.5 9 4 10
9 1.5 9 4 10
10 1.5 9 4 10
PV() 10 9.217 40 55.301 35 24.578 50 61.446
AB/AC 0.92 1.38 0.70 1.23 .
Choose| Alternative 6 Alternative 3 Alternative 3 Alternative 5 Alternative 5

RANKING: Alternative 2 < Alternative 6<Alternative 3;

Alternative 1 <Alternative 3 < Alternative 5; Alternative 4 < Alternati

33.891

27.325

22.446
12.024

7.142

6.361

2<6<3
1<3<5

4<5

Alternative - DEIRR DB/C

09/04/61
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ANsItAszvinalssiaddnaratasnunne
lainuuau(Benefit Cost Analysis Under Unc

a d Y v ] 4' :
mnsmwwimam'smﬂalﬂmm"lwmuauﬂ !
aad

I5M0

a d
1.M5 AT 12HIN N0 U 117 (Sensitivity Analysi

Y Y Y td' | <
2.ﬂ151‘1161193;!%1?]Hﬂaﬂﬂ13liﬂﬂ1ﬁﬁllﬂﬁﬂ31uu1ﬂ$lﬂ
(Expected Values)

0819 5 Sensitivity Analysis
NPV | i= 10% | | Wi 81U
Benefit decreased Benefit Cost Cost Cost Benefit
Best Case by decreased by | increased by | increased by |increased|decreased
10% 15% 10% 15% 6% 6%

Year C B C B C B C B C B C B (P/F,i%,n
(1] 110 1 110 0.9 110 0.85 121 1 126.5 1 116.6 0.94 1.0000
1 20 18 17 20 20 18.8 | 0.9091f
2 20 18 17 20 20 18.8 0.8264)
3 20 18 17 20 20 18.8 0.751.
4 20 18 17 20 20 18.8 0.6830
5 20 18 17 20 20 18.8 0.6209 ‘
6 20 18 17 20 20 18.8 0.564
7 20 18 17 20 20 18.8 0.513
8 20 18 17 20 20 18.8 0.466!
9 20 18 17 20 20 18.8
10 20 18 17 20 20 18.8

PV= 110 123.9 | 110.0 | 111.5 [110.0/ 105.3 [121.0| 123.9 [126.5/123.9| 116.6 116.5

NPV= 13.891 1.502 -4.692 2.891 -2.609 -0.142

Conclusion Feasible Feasible Infeasible Feasible Infeasible Infeasible
Sensitivity No Yes No Yes Yes

20
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