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23.11 Awamdan Environment)
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1) nMwusingUszadd (Define Objectives)

2} Avuadianung (Goals Setting)

3 dssiuAMIWEINT (Appraisal of Available Resources)

4} nuakaulAfNIg (Plans Formulation)

5 Uszniuunulasanis (Plans Evaluation)

B Laanunularanaieauflung (Select and Implement Pian)
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2.4.3 maUssiiiuAmMSNaNns (Appraisal of Available Resources)
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-Interpolation or Extrapolation of Streamflow records

-Mean monthly Discharge Correlation

-Regional Precipitation-runoff Relation

-Specific Yield Map and Precipitation
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3.1.2.2 Mean Monthly Discharge Correlation
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3.1 2.3 Regional Precipitation-runoff relation
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Gaging Station Drainage Area Yield, Specific Yield
Km.2 m.3 jsec Lit/sec/Km.2
Vientiane 299,000 4,210 14.08
Mukdahan 391,000 8,240 21.07
Kratie 646,000 13,910 2153
Source : Calculated from figures in Hydrologic Data, Mekong River Basin in Thailand

Prepared by Harza Engineering Co.
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FN9197 3.3 mmm:in?:mmmﬁqﬁuvguﬂﬂLﬁﬂu
hau % NITUUMN igh el Usu % ns | Ranoainiva
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MR 0.9 0.98 0.90 106.72
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3.3.3.2 msnwusalnedygydnwnl P (RD)
WWEATINATANNAEARTINUTHGINEWT Return Period 14 4 uaz Duration
o+
A9 7 iy Al wednenldwiilidunl4asiiAe P R.D)

(e R = Return Period (1)
D

dranadufhudaliadu iy Time of Concentration (Tt
V38 Duration of Critical Storm (D}

P = Hunu Parameter TifinadeanudanRigasnsing vy
| = AYIENTRNEY (/1)

-t
ATTNANTBINU (NN

E 7
YRunnutinvinannedu (0.3A1u0)
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D
Q
V = 1Bumnioues w3)

| 5, 12) wneifieranadamaaddiuiu s s, A wiudus Retum Period & T
uazi Duration 12 4.

| (80, To) wameifemnandnvasthil Return Period 50 T uail Duration winiu
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Q (100, D wwneBnfFunaunvinfifinann Critical Storm &W¥U Return
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vidnitu nsszuneninluliecldamn PR, Dy wha P5, Dy themnmdnld D25, De) 81aufinin
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U Ps, 72) {usiu

ANURBLNYINTRIRTE AR 7 uanelTTuAnag

#1597 3.4 Flood Tolerance of Agriculture Crops

Crop Type ' Tolerance (hrs.)
Coconut, rubber, oil piam, orchards 72
Paddy field (total submerce) 72
Paddy field (total submerce) 48

Banana Cocos

Coffee, papaya 48

Maize, sorghum

Pine-apple 24

Tobacco, Vegetable Very low

Wefduseanu@eNteenta1srn ) aRtToAmImT ldangns

P = - (-IMAF100 %
\in Pr = wefidusisannu@de
T = Return Period 9B4NN9LAA
R = agn T LTI TalATIMS

W l ]
A ndeineluanaulefirusrasnanandei Retum Period #ing 7 iy
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#1997 3.5 PERCENTAGE OF RISKS FOR DIFFERENT RETURN PERIODS

No. of Year Return  pericd T years

In Period (R) 5 10 20 50 100 | 200 500 1000
[ 20 10 5 2 1 0.5 0.2 0.1
2 33 19 10 4 2 1 04 0.2
3 45 27 14 6 3 156 0.6 0.3
5 63 41 22 10 5 25 |1 05
10 87 65 40 18 9 5 2 1
20 98 88 64 33 17 10 4 2
30 999 |96 78 45 24 14 6 3
80 - 998 |95 70 43 26 1 | 6
100 - - 994 |87 60 39 18 9
200 - - 98.2 74 63 33 18
500 - - - - 99.1 |92 63 39
1000 - - - - - 899.3 |96 63

334 Rnaniuasgagaain RATIONAL FORMULA

X Jd. 3 o el s a
TUAURTUINTRIAEN (Small catchments) TN LAY 50 ms.nu. UBunw

E 3
UUBNG3aA (Peak Runoff) &N snAvn IdiAnngms

3.3.4.1 Rational Formula

2 5 -llv I-’ - 43 n‘ 1 - 4!' 1l
PHnuiussgeasainiuiiuiiswnadn @ERuiliiiu 50 ae.nu) Tl

o o ’l’ = -\’ Aﬂl -l . [ . . X ¢ilv ': ‘:'
nstuinu auistuiieduil Duration AL Time of concentration (Te) TBNHLNFILI

waraINITnANARNg A

- 0278 CIA |

- [0
BUI0IINUBIGIAR (Peak Discharge) (1 3/l
AMNIENYRLU (Rainfail Intensity) Pt
WUNILMN (Catchment Area)  Ra.NW.

Runoff Coefficient
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L H L
3INgA7 Rational Formula demlaeddycudnuningnaunudalidian
QRTY = CxIR, T x A
3 - . P-1 v T P R
AnfaanyFigiu  (Assumptions)  1eagmst  URanondiusgegadiadicuil
Duration Wil Time of Concentration (T} (et Duration #19nd1 Time of Concentration
!.' < : i e w -

URnnausigeaassiiniuing T, uszruiltinawiniumssaliawhmge fhausmli

Andntauviiusase TuReA T ueIgegassiaailAiaiy Q = 0.278 CIA

3.3.42 Runoff Coefficient (C}

gamaasfinutussaniudadouivdamedy A wfuusiarnigiu

wik dndoufiaziuagivrunaiuiivi glsenuniing giidsana Ul ussnAguiud
A X do X e X o A T
An Wuhdutn a4 dasaudananailFundn Runoff Coefficient HaanaazilAndiaus 0.01 dwin

.

=l =l

9 P 1 L ] Ll -g a‘ =l g . [l -
AR uisulivnuiu auty 0.95 dAwduRunmuGauuasinuty (mprevious) Wy Bnouu

be

uasnasaniu dudu
fmitaliarasiuRi s Anudaun unnsAian s Tasanssatlseynuas

HAnwousdudn s ﬁuﬁmﬁwﬁgnﬁmmﬂuﬁuﬁwaﬂqnuﬁq ATiat (5

et AuAANsaERETRTIER Ao lunnsAunalEd i

ANFRATILDANLULBUALUN

Catcment Slope {%) Runoff Coefficient {C)
0-2 0.3
2-4 04
>4 05

b
- o

: . o e & D oa ¥ e e - X
A1 Runoff Coefficient A1WFUALWNRLLIN IWANLALlA WY 1.0 B9l
t 73 1 v

ansaziinant Anras i unnniuesiallunn fuiiadnlusrafui lngiiu 10 %ues

% ' v » L4
WuFLWY lunsdlfiarainnisuUfusn Runoff Coefficient @ Tuailae ldgmedail

= AJAMIASI*C+S]

O O o
i}

= Water Surface Area
Catchment Area

= Runoff Coefficient
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3.3.43 Time of Concentration (T,)
, e o & da ¥ ;¥ 3
Time of Concentration AW¥LRUARNNARAS e luwaananlnagaluiy
e ¥ s _ . Y . ¥ .
PFtiNNTean Outlet W3a Point of Interest NMIMAN T, 109RUATLNIY Anansofmn1é
amtg dX s : . Y, X g Y d e,
waeis tudilaznanafiedinimman T; snAaruidiedareniluiuding Jointéie
L7 123 1 l’d‘ e o - z ‘dlv ‘ﬂ’ o 1 3 : !
wazMnagndiasag unneieeniy munsdwiuiuiiuiauadn luansavinetidhuen
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LY
C)

=i o ¥ 4 o e - & o,
WRREABIRIUN *N'Lnatﬂmnumm’mmmmmammwum‘um

Average Gradient of the Stream {%) Average Velocity {m/sec.)
0-1 0.45
1-2 0.60
24 0.90
46 1.20
>6 1.50
WNTEME Slope N lumeaing Slope WAEAAUAL LA TIEUNAA Runoff coefficient
dfwmuald L An m'mmqqm'nméﬁﬁ'l Watercourse) \uinm? uay
v Ao puaeds dhusmsAund @neansednagy

Time of Concentration AT IFaINgmIfaN

Te = 6_ 415 (W)

Vx60
a1 15 winRndll aunadie 8 viu Inet Time Faihuinandmiviin

X X e ¥ g X . 4 , -
waanntnuitnsunuiiousulugrafmihieiadeu vie Spillway (Outlet) Taenini

. 1 s Y A da ¥ ‘ @ & - v
nlet time A nnsnAwandidansuamueresiuRRan lusaiuny Inealilsaels

181 2-20 U dAmFuenafiinnunsdn

3344 AABIATIYAY Rational Formula
Rational Formula \Tlugms7 1 1iavean $18 warbinaduiimels dvFLin
fsuvimunednluie 4 ameilawms (1000 wieed atwlisini Julaarudufivesiuiu
i Rational Formua iWkaThiidedeldlufuiimnslugullaufiiu 50 Anw.

L] - lg ] [ . 1 i - -y o ]
AvFunuiaunatvg Rational Formula as A Igaiuly uasBenliminedgauunu
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3.4, nisanmasnNau {(Sedimentation)
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AMANTRTBTIRLTENY (Properties of Irrigation Water)
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Table V.3 Tolerance of various crops to exchangeable sodium
percentage (£5SP) under nonsaline conditions (Pearson,

1960)

Tolerance to (:SP
and range at which
affected

Crop

Growtl: response
under field
conditions

Extremely sensitive

(&SP = 2-10)
Sepsitive
TESP = 10-20)

Moderately tolerant
(ESP = 20-40)

Tolerant
{1SP = 40-60)

Mos: tolerant
(-8 = more
than 60)

Deciduous fruits

Nuts

Citrus (Citrus spp.)

Avocado (Persea americana Mill.)

Beans (Phasevlus vulgaris L.)

Clover (Trifolium spp.)

Oats (Avena sativa L.)

Tall fescue {Festuca arundinacca
Schreb.)

Wheat (Triticum aestivum L.)

Cotton ({rossypivm hirsutum L.}

Alfalfa (Medicago sativa L.)

Barley (Hordeum vulgare L.)

Toematoes {Lycopersicon
escufentin Miil.)

Beets (#eta vulgaris L.)

Crested and Fairway wheatgrass
{(Agropyron spp.)

Tall wheatgrass (Agropvron
clongatunt (1lost) Beau.)

Rhodes grass (Chiforis gavana
Kunth)

Sodium toxicity
symptoms even at
low ESP values

Stunted growth at
low £SP values, even
though the physical
condition of the sod
may be pood

Stunted growth as a
resuit of both nutri-
tional factors and
adverse soil conditions

Stunled growth,
usuatly due to adverse
physical condition

of soil

Stunted growth,
usually due 1o

adverse physical
condition of soil

PR | 3.8
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SALINE AND ALKALI SOILS
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Froune 22, - Numogeam for deterwining the SAR value ol irrigation water and for estimating the correaponding ESP value of
n 501l that is at equilibrium with the water.
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Table I1.1  Limits of boron in irrigation water for sensitive, semi-
' tolerant, and tolerant crop species based on toxicity.
J symptoms observed on plants grown in sand culture

f]']i'Nﬁ 3-9 . . '
Sensitive Seni-tolerant Tolerant
(.3—1 ppm boson 1-2 ppm boron 2-4 ppm boron
Citrus © Lima bean Carrot
Avocado Sweet potato Lettuce
Apricol Bell pepper Cabbage
Peach Oat Turnip
Cherry Milo Onion
Persimmon Com Broad bean
FFig Wheat Alfalfa
Grape Barley . Garden beet
Apple Clive Mangel

Pear Field pea Sugar beet
Plum ‘ Radish Palm

Navy bean Tomato Asparagus
Jerusalem artichoke Cotton

Walnut Potato

Sunflower

In each group the crops are arranged in descending order of tolerance within the
1ange indicated.

Table 1.2 Recommendgd maximum concentrations of trace elements

3 in irrigation water!

AT 3-10 .
For waters used For use up to 20 yrs,
continuously on on fine-textured soils

Elements all soil at pH 6.0 to 8.5
{mg/liter) (mg/liter)

Aluminum 5.0 20.0

Arsenic 0.10 2.0

Beryllium 0.10 0.50

Boron 0.75 2.0-10.0

Cadmium 0.010 0.050

Chromium 0.10 1.0

Cobalt 0.050 5.0

Copper 0.20 5.00

Fluorine 1.0 15.0

[ron 5.0 20.0

Lead 5.0 10.0

Lithium 2.5 2.52

Manganese 0.20 10.0

Molybdenum 0.010 0.050°

Nickel 0.20 _ 2.0

Selenium 0.020 0.020

Vanadium 0.i0 1.0

Zinc 2.0 ‘ 10.0

' These levels will not normally have an adverse effect on plants or soils. No data

available for mercury, silver, tin, titanium, tungsten.
Recommepded maximum concentration for citrus is 0.75 mg/liter.

3 Gnly for line-textured acid soils, or acid soils with relatively high content of iron
oxide,
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3.56.3 BICARBOMATE: _

diflpowdidures Bicarbonate lons 9 unthdasiuaaduuuas
winil@en i anmenewthindenitumn Feasilianraranondeluiudduiu
atalsfmanlfieuneditazreniuiel) uanilethnauesdsuussunniiouanas dn
dqummﬁhﬁuﬁﬂﬂd’mﬁuuﬁﬂzqqﬁu WitiAudantwilufiusg (Sodic Soil qﬁu

msawssimBEnaluafluwn asunluglesnzney NoyCoz (Resicual
sodium Caronate) 34MmAassi] Eaton(1950) WanhihfitiSnomenau Nay Cog (L1

Residual Sodium Bicarbonate

> 2.5 Meg/1 Water is Unsafe

2.5-1.25 Meg/t Water is Marginal

> 1.25 Megh Water is Safe
3.5.4 BORON:

. v i

Boron ([ wiinzansaghuhsssnen Tulunosing 4 fu dusaidniu
dviunsatpduinoasis  wingdeamslflutfinnuRaudndenvingy winfiliuom
wnaufludusmasiaiie Eaton (1954) wudnfsdalngiilgnlufumamesistoenaai 3

1 1 [ ) e L =X

Boron Bgjsxwin 0.030.04 ppm. uanfludusmeseimiiaiiadiududuaes Boron g
1 ppm

atalsfisn 1Buaaes Boron Assiludunmusienavieiauiusiiane
- - ' - al o o ' - e
Naszilarinuniusia Boron Jnnienls a1mei 3.9 uamriinwanunusalusauivinnns
wnztgnlufune Feeanntiagldwiuan

uanantuseuudadaiisnsadnuanoeiiafiazarveygluuisssuai Seam
dhususrasefiemmBnuanududuge sewh 310 uanaliaraisgreuasiinin

& 1 73 J 3 0 o ‘o‘
AR NTURBaR LU TaUsI

douunit  gunsansneieainanmiide

1. Diagncsis and Ilimprovement of Sofine and Askaliisoils USDA, Agriculture
Handbook No.60

2. Quality of Irrigation Water, | Shainberg, J.D. Oster iliC Publication No.2
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Table 4.3 Land classification specifications — general*

Land characteristics

Class 1 - Arable

Class 2 - Arable_

Class 3 — Arable

Sails

Texture

Depth:
to sand, gravel, or cobble

to shale, raw soil from shale

or similar material (6" less

in each instance to rock and

similar material}.

to penetrable lime zone
Alkalinity

Salinity

Sandy loam to friable clay loam

36" plus — good free working soil
of fine sandy loam or finer; or
427 of sandy loam.

60" plus; or 54" with minimum
of 6" of gravel overlying
impervious material or sandy
loam throughout..

18" with 60" penetrable.

pH less than 9.0 unless soil is
calcareous, total salts are low
and evidence of black alkali is
absent.

Total salts not to exceed 0.2%.
May be higher in open
permeable soils and under good
drainage conditions.

Loamy sand to very permeabie
clay

24" plus — good free working soil
of fine sandy loam or finer,;
30-36" of sandy loam to loamy
sand.

48" plus; or 42" with minimum
of & of gravel overlying
impervious material or loamy
sand throughout.

14" with 48" penetrable.

pH 9.0 or less, unless soil is
calcareous, total salts are low
and evidence of black alkali is
absent.

Total salts not to exceed 0.5%.
May be higher in open
permeable soils and under good
drainage conditions.

Loamy sand to permeable clay

18" plus - good free working
soil of fine sandy loam or finer;
or 24-30" of coarser-textured
soil.

42" plus; or 36" with minimum
of 6" of gravel overlying
impervious material or loamy
sand throughout.

10" with 36" penctrable.

pH 9.0 or less, unless soil is
calcareous, total salts are low
and evidence of black alkali is
absent.

Total salts not to exceed 0.5%
. May be lgher in open
permeable soils and under good
drainage conditions.

Topography

Slopes

Smooth slopes up to 4% in
general gradient in reasonably
large size bodies sloping in the
same plane.

Smooth slopes up to 8% in
general gradient in reasonably
large sized bodies sloping in the
same pilane; or rougher slopes
which are less than 4% in

_general gradient.

Smooth slopes up to 12% in
general gradient in reasonably
large sized bodies sloping in the
same plane; or rougher slopes
which are less than 8% in
general gradient.

£



Table 4.3 Continued

Land characteristics

Class 1 — Arable

Class 2 — Arable

Class 3 - Arable

Topography

Surface

Cover {loose rocks and
vegetation)

Even enough to require only
small amount of levelling and
no heavy gradmg

Insufficient to modify
productivity or cultural

practices, or clearing cost small.

Moderate grading required but
in amounts found feasible at
reasonable cost in comparable
irngated areas.

Sufficient to reduce productivity
and interfere with cultural
practices. Clearing required but
at moderate cost.

Heavy and expensive grading
required in spots but in
amounts found feasible in
comparable irrigated areas.
Present in sufficient amounts to
require expensive but feasible
clearing.

Drainage

Soil and topography

Soil and topographic conditions
such that no specific farm
drainage requirement is
anticipated.

Soil and topographic conditions
such that some farm drainage
will probably be required by
with reclamation by artificial
means appearing feasible at
reasonable cost.

Soil and topographic conditions
such that significant farm
drainage will probably be
required but with reclamation
by artificial means appearing
expensive but feasible.

Class 4 ~ Limited arable

Includes lands having excessive deficiencies and restricted utility but which special economic and engineening studies have shown- to

be irrigable.

Class 5 — Non-arable

Includes lands which will require additional economic and engineering studies to determine their irrigability and lands classified as
temporarily non-productive pending construction of corrective works and reclamation.

Class 6 — Non-arabie

Includes lands which do not meet the minimum requirements of the next higher class mapped in a particular survey and small areas
of arable land lying within larger bodies of non-arable land.

*From United States Department of the Interior, Bureau of Reclamation. Manual, Vol. V, Irrigated Land Use, Part 2, Land

Classification, 1953.
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8) weafinuslnAenfuanulfeu (Exchangeable Sodium Percentage-ESP)

Exchangeable Sodium (meq /100 gm. of soil
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53  AMNARMITINTaLsEnu (Irrigation Water Requirements)
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ET = mﬁzmﬂ-ﬂwﬁq {(Evapotranspiration}
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(Irrigation. Water Requirement)
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Tum31a9 5.1

Table5.1 Water supply data needed at different project phases (after Doorenbos and Pruitt)

Phase Data application Data required
Reconnaissance present hydrologic budget; identification of Average seasonal
irrigable areas; water supply
Project identification | location of project; sefection of irrigable areas, | Seasonal supply of
project size, prelim'inary determination of main | main crops
work; predicted water demand; predicted
future hydrological budget;
Feasibility study determination of project size; alternative Monthly or 10-day
proposals for water supply facilities and total supply
system system; hydraulic criteria; selection of
cropping patterns; cptimization of scheme
water distribution; sizing and costing of main
engineering work; phasing of project
development;




N

Phase

Data application

Data required

Detailed project

final design of distribution system; net work

5 - to 10-day peak

design and hydraulic structure; detailed crepping supply

pattern; detail delivery schedules; irrigation

methods and practices;
Project’ review of scherme water scheduling; check 5 - to 10-day peak
implementation on crop water needs; evaluation of water supply

application methods; water use efficiency
studies;
water budget in

Project operation ronitoring of field water balances;detailed

operation scheduling; training of farmers in farmer’s field

water application and scheduling;

55  AMMADINISLHUNIRINT (Evapotranspiration)

ANFRINTTHIN1EaNT (evapotranspiration 6-2 consumptive use) WNNEIDN

g =illi v v g =9 [ 4 1 :‘l 3 A
nnaindnsenttld  TumzanotuanfulilugsdeessiuNg  souvaauTunszve
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ATNSBINT MY TANTOVINI TN A VAaNedE U Soil moisture
measurement, Lysimeters and tanks, mass transfer method, infrared radiometry, chamber
methods, energy balance method, combination methods, empirical formulae, W&y oan
evaporation
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199WTE1939 (Reference Crop) AufigaulsaInaNN Al

ETc = KeETp e (5)
Wa ETe = Crop Evapotranspiration

ETp = Potential Evapotranspiiration (Reference Cropl

Ke = Crop Coefficient

Ariasnsanunsnliiduiednada  (Reference Crop) lunnawn  Potential
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Haise 14 Afalfa 1flusiu
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. = 1 ! Av v 3 ’ «F ] = dl ) 4
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NN1sWAY - Crop
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ANT 5.2 (Crop Coetfficient) (Kc)

271 4 1 fraz | dnlwa | gy tin Yt
LN

1 1.00* 1.00* 03 0.3 0.4 0.7 0.7
2 1.00 1.10 0.4 05 0.7 0.7 0.7
3 1.15 115 1.10 1.0 1.0 0.7 0.7
4 1.17 1.17 0.90 09 09 0.7 0.7
5 1.7 1.00 0.7
6 1.00 0.7
7 \! 0.7
8 i 0.7
9 0.7
10 i 0.7
1 0.7
12 0.7
1 = Fravugiiios

12 = dnnvug na.
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n dnnd “ - . -
o CNA. MM, HA. LHE. WA, TH. NA. §A. NB. MA. MY, BA.
1| e 93 125°151 169 158 143 135 124 128 122 105 91
2 | widaswau 102 134 166 185 161 139 131 123 125 123 112 97
3 | (Hueini 104 134 164 179 160 1h4 135 122 12k 123 110 96
b | wiss1ie 108 139 173 191 166 135 127 120 125 127 117 103
5 | st 109 139 167 184 167 151 1hh 132 130 125 113 100
6 | v 102 133 162 177 158 1bb4 135 124 126 126 112 97
7 | und 108 137 170 188 168 145 142 130 128 125 115 103
8 | graned 115 140 165 180 160 140 133 12k 128 132 123 109
g | A 115 147. 182 198 167 150 144 134 128 121 112 103
10 | neqTan 113 138 165 175 159 143 136 126 128 129 121 108
11| wisen 117 146 177 190 163 135 128 118 127 130 123 110
3 twrayael 118 143 176 180 160 140 132 122 123 131 124 112
13 l#ﬂﬂﬂﬁﬂﬂ 116 153 186 197 166 148 143 141 130 125.116 106
ILH N 119146 172, 183 1677155 153 143 139 139 124 109
15 | anesnil 112 137 165 176 158 10 140 128 131 134 121 107
16 | ungmul 113 135“157 166 155 134 132 122 127 132 121 107
17 | dnauns 114138 163 173 15h 143 141 129.132 135 122 108
8 |y 119 150 167 172 156 141 136 128 135 135 127 114
19 | vauuny 117 143 168 177 162 148 147 133 132 131 126 113
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‘20 | Yawda 119 140 165 171 159 147 143 130 129 132 126 114 _
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26 | unssased . 122 149 179 187 167 152 1bh 134 127 126 121 113
27 | omyd 131 152 177 179 161 148 141 132 131 133 131-128
28 | gnisoyd 129 147 176 182 168 155 149 42 134 132 128 121 "
29 | Y1t 132 147 161 162 152 136 132 158 127 131 134 128
30 | nomnd 125 151 177 182 163 148 14k 135 133 127 121 116
31 | nauLiBq 130 148 163 170 158 150 145 133 132 131 126 119
32 | NPILVRIMUAT 120 136 153 156 14b 136 132 126 123 120 119 193 -
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b1 1 fams 117 133 152 154 139 130 127 150 128 121 113 111
h2 i’!?'ﬂiﬂ{ﬁ'lﬁ 120 143 158 155 1112- -136-135 131 114 123 110 107
43 | upsAdsIsusng | 116 137 157 153 143 140 142 135 101 124 110 107
b [SeBRY 103 thi 153 147 135 133 135 133 79 124 113 116
15 | usiBnd 121 136 151 154 138 135 133 131 57 127 115 110
46 | y2uBq 130 145 158 153 130 118 117 113 109 115 108 120
47 | min 143 159 167 155 132 132 133 132 82 126 124 132 )
bg ﬂu1£mﬂlﬁﬂ 134 150 157 148 137 127 128 125 88 120 120 123
b9 | a¥q 140 158 166 155 131 121 128 123 72 122 117 123

'
-

4 - ar ' ~ e 1
W o aspe iieiind, 2526, nasdentsihlusidheaalszinding wisues o Kol
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5.7.  dFuraudulenng (Effective Rainfall)
¥4 A 4
Uhnoehldinide  Dhnoidudouniiannduiannaianasluiuil uaz
amnsn iidhalrTondldadnelssAninmenndnglsesasd  dwiudunisgadsoniu
Ysunnudulines wnnsfaffbnamnduiianadluwdasnislgn  usnlsslamldaniswiey
v ] ]
wlas  Arganulifidennsiyiininuazifemsszmaluias  Sunarhildnnsaziian
L 7 3 1 e . ¢ -~ dl -
nvisetistavegiusAtszneuvanolssnisity  daruaslTanneeduiian  anwmai
a ﬁ’.‘ - = <X l=: A’ <y i
A Anwuzilledu anwissulaunizlgn sinsesendgnanIuluRuiauduan
] 1 - v
st rsnuLasnMsAnmsiiugy
AEnnsdssdiuFanduldnte udusesnisnelasnisliaussdiuannan
FudseBnsaannavaasd (Empirical Coefficient) AavidaNngnisAnFunudsons

1 ] ’; H 1 -y J
araglujLeed Ry = O R e R Asfunuuduiedy uar o AesAdulsc@ng AJP.

[
Ve =l

Ponrajah, 1984 IMauagmsd miuAwamnBunurldnistiaail

wdg Re = 0.67(R-1) 1Y T (8)
8 MaxRg ¥ 9 i
Ayls Rg = 0.67(R-0.25) N . 7)

W8 MaxRg $ 3 a
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581 1 I 914 R = 75 % Probability Monthly Rainfall

st lsfimudsnrlrailuFunnudulinisivaeas  wansneduld uneid
—-— - H g - g

Usufiuanmsiamafouulaiamauluiy - usrdoudsenauresannediin  (Water
Balance) uaruMARUsmiiuAnanArfrenFiuian daslseniu wenffununis
ll%, -l
Hinnane

dmiuneld nezm:anmssasanizaudng USDA)  Wuamamsnag
pnulEnslilusmed 5.4 SldinnisisisimiduuasAnnuansadues

X o o g ; ; I <
Arnauluiy Taasuy@dlugnsitaesfaedealiiunfnin Aulussmnamasody
» » »
WAlE 75 un  wifduiu ldsanntiasieigulfuufanussingavingnaudi
Antutle  dwiuludszivalnedalidfinasAnmasads  Refanldiiane usDA Tuwaneriau
Ai' | 73 1 1 ‘il 4=lI 1 i - = rd‘ v :J’ 1Y v
FadrladdnedsfldlndiAseanueie  mmemremsiireadenmeillfmuendae
amasguiulliarsonday
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n1sA gl nsdmFuunt a1l naneds AR uuninlnuud¥ni

Fnw1 ECi (Engineering Consultant, inc) AldvinnsAnmluldmedmiuundnlulaseanig
H o - - - g s v -
falzsynuioned nanzduesnidsavilaresdsinalng AdeuuniindFunuduisie
1 1

pasaeuiAlidiu 200 we Whlnduduldondlimanus  widBuaduedauinngg

200 1. duldnsazanainndan Suandldluglii 5.2

5.8. szAninmnissaudsznu (Irrigation Efficiency)
Tunsgatinannuugainiaursdrsansllmupsesduitaui sules
mnzugn uazdn iU luemsntrmahncifesnsiussiinsgdrirdounilsy
athanAndiligy meiidulunseniesdai nefafaluwas usznisluasenien
wlagsiwnzigniflusiu f-‘iﬂmuﬁﬂﬁqryLﬁzﬂﬂﬁﬁﬂuﬁ’m’l.ugﬂﬂmﬂi‘:Rﬂ'ﬁ'mwmﬂﬁmamﬂjﬂ
ﬂszmu’iqﬁm.'nﬂLﬂuLﬂﬂﬁ-ﬁuﬁ'ﬂmﬁmmdquudﬁ\:ﬁ’]ﬁwﬁﬁﬁmdqh’iﬁ'n (Net  Water
Requirement) eV Bunnnianuafifesdsamian (Gross Water Application) denafhas
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ﬂ'li'N‘?L'.S. L Average monthly effective rainfail as related 1o ET(crop) and mean monthly rainfall (USDA, SCS 1969)1.2.

Monthly mean 125 25 ¥3s5 50 625 75 875 W0 1125 125 1375 150 1625 175 1875 200
rainfall (mm)

Average monthly effective rainfall”

Average 25 8 6 2
monthly
ET {crop) 50 8 7. 25 32 39 45
mm
759 18 27 4 4 48 56 62 69
100 ¢ 19 28 35 43 52 59 66 73 80 87 94 100

125 10 20 30 37 46 54 62 70 76 85 92 98 107 116 120 ‘

: 156 10 21 3 39 49 57 66 74 81 89 97 W4 112 119 127 133
175 11 23 32 42 52 61 &9 78 86 9 103 111 118 126 134 141
200 11 24 33 4 54 64 73 82 91 100 109 117 125 134 142 150

225 12 25 35 47 57 68 78 87 9 106 115 124 132 141 150 159
250 12 25 3 0 61 72 B4 92 102 112 121 132 140 150 158 167

“Where soil water storage at time of irrigation (d) is greater or smaller than 75 mm. the correction factor 10 be used is given in Table
5.6. :

o
A5 5.5  Multiplication factors to relate monthly effective rainfall
(obtained from Table 5.5) to net depth of application (d)

d Factor d Factor d Factor

(mm) (mm) {mm)

10.00  0.62Q 31.25  0.818 70.00  0.990
12.50 0.650 32.50 0.826 75.00 1.000
15.00 0.676 3500 0.842 80.00 1.004
17.50  0.7¢ 3750 0.860 85.00 1.008
18.75 0720 4000 0876 90.00 1.012
2000 0.728 4500 0905 95.00 1.016
22.50 0.749 50.00 0930 100.00 1.020
25.00 0.770 55.00 0.947 125.00 1.040
27.50 0.790 60.00 0.963 150.00 1.060

30.00 0.808 63.00 0977 175.00  1.070

0oL



101

w

Ej = -“-]&x 100 (8)

g
= UstAnBnweaanissaLseniu drrigation Efficiency)

i 1 )
= NN AnENARINNg (Net Water Requirement)
¥ v i
= UL IUNATIFRIgIaINANY (Gross Water Application)

Use@ninmnistalsemustauanasaindsz@ninneeusazdawliu

v 1 4 L4
Ussdninmentrsasdain dre@ninimgdaiy UstBninmmaaanisdain uavlsr@nsnm

] L4
geangudnszay s udrdainlss@vinmiléiunngrudnsonmuihulesAvsnimean

Tuqsiidiaaniensiu Ay

v W
Usz@nBnmnmsdnn £, = w—tXIOO ......................................... (9)

g

. w

UstAninmadaiy g, = —WEXIOO ...................................... {10)

f

- X ¢ w
Usz@ntnmwnsiin B, = WQ-XIOO ..................................... i11)

5 p
Usz@ninmamsradssniuiavus . E = Eg.BpEp i (12)

= UHunningnifseanns

1 Y 1 ]
= naninildfunuaanistgn
= Rnonindadudasmazign

L' 1 4 H L3
= WHnnshvisusfidadnssuugay

AsEBviEniwan 4 revuradssmuusmlilummeh 56 awnsold

Wunwuan-elunisanuaniuiss@ninwasd lpssnissartlsemuluseaueunniasn-s i
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M3 5.6 drsnfainniiaanin (EC) Yszinimwiasnsaia (Ep) Us*ﬁnﬁmmau:uudaﬁw

(Eg = Ep.Ec) un.,lh..nmmwmﬂnm (Ea) Fwminafnmsalt swmasfud

any m"'uaoﬂuun-‘:rmﬂv\umuuma 'l

Use nnﬁnmmari’-lm(Convcyance Efficiency, Ec) Ahrinimm
datwunsaaa miwanaidanamsaton . 90y
n'uhuuunqm'iuu Tasamivwa 20,000 - 40,000 13 _

Aufinyuiivu 500 - 2,000 13 Inrdannd 807
aamuuumJunuu\u'iﬂnmwumlnmmn (MMn 60,000 ‘h)
malman_nmn {(Woun1 6,000 11) nasdan17lifine 85 - 70

Ussininmyesgdail (Field Canal Efficiency, Ey)

dmiuRuATui I 125 13: Aroadu 80Y
naaamnn"jaﬁa%hﬁ'{ 90%

mmuwumudmaurm 125 '13: Arpafu 0%
) papIman] anas i 80

Uszdnin mvosszundan (EgEp.E,) ' '

ﬂ1m'um‘sa'a{imuuuquﬁuuﬁﬁm'siﬂn‘mm:mﬂh:munu
na 657
1. walt 557
a. iounslt Iy
3. 481 307
JszAnsninn1rIWiiApplication Efficiency, Eg) .
laumaineu;
auNIIw ' 557
fuiie . 707
| duniln 60
wyuriuiuiugn (Graded Border) 60 - 757,
uuurfmﬂudmﬁ'mijuﬁuﬂu(Basin and Level Border) 60 - 807,
WUYMRINg W fuypuity (Contour Ditchy 50" 557
WI'UTDIN(Furrow) ) 55 - 70}
wuuinendin (Corrugation) 50 - 70
lnu Ieenéu o i soy
Wiwuud ol ou(Sprinkier) ’
DIMATDUURZURY 607,
L o ameauguhuna : 707
aimaguiuuRsiiy, A

maylddrd mivurin

32

[
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n1eNaLEMTUGNAT  (Cropping  Pattern)  LATAUINATIIEINITIMIZLIGN
(Intensity)  Tugartl AANTNIRINANIMNNIZANTEINLTAL WE  MsusnszanradtuLay
2 - d‘ s o T L :nl 1 o an ] dd‘
AINFRIrNTIuNANAR TeasuaniefupenlUluusdaziastiu atnelsinnn lusnettaiag
nanaise Ul andunsanusumnignisdmindnluggdu uaslgninunlfuacigld
'l 12 L] - 3 ni | [l <4 .3 | ’D’ ] = ‘," dl bed
ugguae  Awiunuidgnirmunifessng lfruagivffnnahlugaimiivaeainnig
WUt
5111 AMNANARNYRIUN (Water balance)
TunnsdnisanuduiusassfainaninguuiufEnnuacusiaanisd
'; : . v oW 1 Ail 1 = »r :l‘
U Water balance equation TAa¥tunie lUssnauntrRiansounsanl
Storage at the beginning of the month + inflow - Demand - Losses - Spillage
= Storage at the end of the month
= Storage at the beginning of the next month
a ¥ vy g o & oa ¥ ¥
Inflow At Funanh#ldancduiinn lunuifuieeslasnsuaziBanminn
. Y Y X 4 y o
funnainunasdy TNy FinonhfiszunsRuiwisdgndauuy (fnd)
1 3 H 14
Demand AoLRurnnidiaanisldsntszgdaingesinanu (Head Regulator)
viawna Biun Bunaniiisdedlddwiunsgllneiding nsmnnlgn sasvisdaungode

Wussuugandy kazlusdaanwazlgn
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Losses A UBnauthiiasgoyd@elilushafiud deudadlszgdati 18
u mi‘qt.ytﬁﬂﬁ’)Lﬂﬂw'\nn’ﬁ‘a‘:uqﬂmnﬁqﬁﬂu.a:miil'ﬁu (Evaporation and Seepage} i
Riitre '
Spillage P2 Lﬁmmu?q'lud'\qLﬁuﬁq?;gnizmﬂ@ﬂmhu Spiliway lAeuAE
Inflow 1N aERRT LT AUALANLUNG {Full Supply Level)
5.11.2 N19%1 Reservoir Operation Study (ROS)
msRnENssIEunredanne  Tansesiusauluntet (ROS) 6
il (ganseaananiain ROS Fpuviiilsznew)
1. wiveudaysdmiuyii ROS
1.1 Average Average annual Discharge {m.3)
1.2**  Dead Storage (m.3)
1.3 Monthly rainfall, {mm) - Row 1
1.4 Monthly evaporation and seepage (mm} - Row 2
1.5 Monthly inflow (m.3) - row4
1.6 Requirement for rice tm.3/rai) - Row 10
1.7 Requirement for upand crop (m.3/rai} - Row 11
1.8 Requirement for water supply (m.3) - Row 14
19 Requirement for factory (m.3) - Row 15
1.10  Area-Capacity curve
2. m?ﬁﬁmmﬁﬂmﬁuﬁmw:ﬂqn
'lum‘rﬁﬁmmmﬁu?;mw:ﬂqn’iﬁcﬁﬂtﬁumm’]wz’um'ﬂuﬁqﬁ
21 FnosBunasiielunminin luiuilasamsluus

R TN} 1 z j i
aziman Ingldan Row 10 grudaeiungndin (rA)

AAD-DS-(Row 14)-Row 15)
(Row) 10
FuFaaseniunadies 80 % tautlszanc (19

3 4 .
AunTaLsynuidanngns

i}

ImA =
DS. = Dead Storage. (m.3)
AAD = Average Annual Discharge (m.3)

< ' -3 ’5’ Ailla ¢dl v e e
** Doad Storage ARt RNATIRIEaiutideulalidwiuntsanmnznaunsanang

E ! t %
mslderesiasans wastlssgaaivga outiet axgrinwualifissfulianui1es Dead Storage
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v
22 AwtwntBnumsissfgguacluidazinen @en
diavin ROS Tuluda 1 3av) Taelden Row 11 grudinn Aufitgniteggudal

X P [ P A a 0 -
nuhlgniagguas = dannnadudaiy D.SAFun DS, (@159 ROSTOLR
ZHow 11

1 Usgnay)
23 wnBnanudeansdivems Row 16 taslAsnTg
utieanild 2 naude
Jun9¥in Ros saLUIN
Row 16 = Row 12 + Row 14 + Row 15
unsvin Ros saustalyl
Row 16 = Row 12 + Row 13 + Row 14 + Row 15
3. FansBuAan ROS
TunnsAnuans ROS utieanidy 2 fumey Ae
Storage) WUAGNAUNMTIY ROS AalAeuuIniil_Inflow NN Outfiow Taernuunliy
ﬁuﬂmﬁﬂ'LudNﬂmaLﬁﬂuﬁ'mumwhﬁy Dead Storage Un#asiflutlaneqgues visesung
A g

32 %1 ROS ansrduthlugennfige AesgszAudiuining

83879 Aauiidudummii ROS A LRt lugswdaunniign Wansunandn
Inflow &U¢ 2t Outflow) ﬂnﬁqnﬂmﬁwﬁaﬂﬁwﬂmaqrﬂduu?‘ﬂm”uqquﬁa
4. naRRsnTERtesEnauazn s v zan
AN ROS A nenaandnediu naﬁ”lﬁa*anmé’waﬂ'tmnmﬁﬁia‘lﬂﬁ
| 41 azdechifliFeulnmin (Shortage)
42 i Spitway Tuusiasifausiadlininndy 3% 1eping
89819 (luns el Inflow o
43 maMiwessnsuegiuuiinnsign i ROS &l

¥ o aw e X d K
1 Spifl w-nifwly WiRnmumwazUgnlugaeudanguaslinniy
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Project ...
Changwat

Drainage Area

- e

Average Rainfall
Evaporation & Seepagé
Q/Start Period (R19)
Inflow from Runoff
Water Surface Area
(R1xR5)/1000
Eva & Se (R2xR5)/1000
Net Q. (R4+R6-R7)
Total @./period(R3+R8)

Requirment,rice/rai

Rain on

Reqhirment,tU-crop/rai
Q.Req. rice-rai

Q.Req. U~crop-rai
Q.Req. Water Supply
Q.Req. Factories

Total Q. Required
Shortage{ifR9-R16<DS)
Spill(ifR9-R16>Res.Ca}

Apy

Avg.annual Runoff Volume

R I A RN A AR A I

LR R N N R I I A

a4 mag sy

RESERVOIR OPERATION STUDY

Carriy Over to Next Mo. 1000m"™3

Est.Max. Flood Dischage caieans
Spillway Crest cenarns
oct Nov Dec Jan
fom.) 97.6 15.2 3.2 2.7
(em.}  140.2  142.2  138.% 137
1000n" 3
100003 9714 5175 2996 2014
1000n"2
1000z~ 3
100003 ‘
1000m"3
1000m"3 ALY LRES
n"3 342
a3 . 397
10000"3 |, 11970" 0 0
100083 -
100003
1000="3
1000m"3 11970 0 0
10008"3
1000~ 3

Sl{cow a

Ve

AAD -DS - sum{R14) - sum{Ri3} =

sum(hlo)

9485

91835

---------

156

5460

- 3460

108.1  115.6
7530 10681
141 242
1935 8476
1935 8470

m"3 Reservoir Capacity
m"3/s  Dead Sterage
m.s.1 F.S5.L. Area
Feb Mar Apr May
3 1.8 27,17 188.5
151.5 200.8 214.7 167.2
1195 1117 1017 2086
152 371 522 39
0 0 0 0
0 0 1] (4]
$2825.52 Rais /
35000 Rais

{Approx. BOX for Rice)
_

Vi



RESERVOIR OPERATION STUDY

Project .iiersenivencennans Avg.Annual Runoff Volume 50750000 m"3 Reservoir Capacity PN m~3
Chanswat ...iviirevossnnnss Est.Max. Flood Dischage Verecinaan m"3/s Dead Storage 1415000 n~3
Drainage Area ........ P Spillway Crest Crrnsaaae m.s.1 F.S.L. Area N mn"2
No Items oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 Average Rainfall {mm. } 97.6 15.2 3.2 2.7 3 4.8 27.7 188.5 278.7 310 342.4 222.6
2 Evaporation & Seepage {mm. ) 110.2 142.2 138.6 137 1531.5 200.8 214.7 167.2 126.9 120.7 108.1 113.6
3 @/Start Period {(R1%3) 1000m™ 3 6358 4071 8173 120486 13917 14939 15819 16603 18716 12643 gEEEE] 1085
4 Inflow from Runoff lUOUm"q 9714 2173 2996 2014 V 1195 11 1017 20886 3205 4020 753? 10681
5 Water Surface Area 1000m" 2 735.0 573.0 908.0 1066.0 1160.0 1209.0 1250.0 1286.0 1377.0 1097.0 322.0 574.0
6 Rain on (R1xR5)}/1000 1000m™ 3 71.7 8.7 2.9 2.9 3.5 5.8 34.8 242.4 383.8 340.1 110.3 127.8
7 Eva & Se {R2xR5}/1000 1000m" 3 193.0 81.5 125.8 146.0 175.7 242.8 268.4 215.0 174.7 132.4 3.8 66.4
8 Net Q. (R4+R6-R7} © 1000m" 3 9683 §102 2873 1B71 1023 880 783 2113 3414 4228 7605 10742
9 Total Q./period(R3+RB} 1000m™3 16041 9173 12046 13917 11939 15818 16603 18716 22130 16873 8020 14828
10 Requirment,rice/rai "3 342 271 156 141 242
11 Requirment,U-crop/rai ' n"3 v 397 152 371 522 39
12 Q.Req. rice-rai 1000m"~3 11970 0 o 0 0 -0 0 0 9485 5160 4935 B470
13 Q.Req. U-crop-rai 100023 )
11 §.Req. Water Supply 1000m"3
15 Q.Req. Factories 1000m™3
16 Total Q. Required 1000m" 3 11970 v} 0 0 1] o 0 0 9485 5460 4933 8470
17 Shortage{ifR9-R16¢DS)  1000a"3 '
18 Spill({ifR9-R16>Res.Ca) 1000m™3 .
19 Carriy Over to Next Mo. 1000m™3 4071 9173 12046 13917 14939 15819 16603 18716 12645 11413 1083 6358
Trrigable Ares: up-land Crop = (11413 - 1415)= £751 Rais
S o1 = 6600 Rais (Use)

2kl

1y



RESERVOIR OPERATION STUDY

Project . .iuiueccennneiranss Avg.Annual Runoff Volume 50750000 o3 Reservoir Capaéity 12005000

a3
Changwat ... vuievinnneenns . Est.Max. Floed Dischage  .......... n"3/s Dead Storage 1413000 w3
Drainage Area ..... eaare o Spillway Crest Chraa e m.s.1 F.5.L. Area L. . m~2
Neo Items oct Kov Dec Jan Feb Mar Apr May Jun Jul iug Sep
1 Average Rainfall (mem. ) 97.6 13.2 3.2 2.7 3 1.8 27.7 188.5 278.7 310 342.4 222.6
2 Evaporation & Seepage {mm. } 140.2 - 112.2 138.8 137 151.5 200.8 2147 167.2 126.9 120.7 148, 1 113.6
3 Q/Start Period (R19} 1300m"~3 65335 1248 93350 12000 11251 1127 9702 7040 8896 2825 1592 1283
1 Inflow from Runoff 1000n"~3 8714 5175 2996 2014 11235 1117 1017 2086 3205 1020 7530 10681
5 Water Surface Area 1000m“2r 735.0 373.0 908.0 106€.0 1160.0 1209.0 1250.0 1286.0 1377.0 1037.0 322.0 5374.0
8 Rain on (R1xR3)/1000 1000r"3 Tir.v 8.7 2.9 2.9 3.3 3 34.6 212.4 383.8 340.1 110.3 127.8
7 Eva & Se {(R2ZxR35)/1000 1000a”3 103.0 81.5 125.8 146.0 175.7 242.8 268.4 213.0 174.7 132.4 31.8 65.4
B Net Q. (R4+R6-RT) 1000n"3 §683 5102 2873 1871 1023 880 783 2113 3414 1228 7603 10742
9 Total Q./period{R3+R8} IOOOm;3 16218 9350 12223 13871 12273 12150 10485 9153 12310 7052 9198 13003
10 Requirment,rice/rai n"3 342 —h__— 271 156 141 242
11 Requirment,U-crop/rai 0”3 . 397 132 371 522 39
12 Q.Req. rice-rai 10002™3 113970 0 0 0 0 0o . 0 0 9485 3460 i935 . 8470
13 Q.Req. U-crop-rai 1000="3 v} 0 0 2620, 1003, ¥ 2149 3445 257 o 0 0 0
11 Q.Req. Water Supply 1000m"3 ;
15 @.Req. Factories 1000m" 3
16 Total Q. Required 1000~ 3 11970 0 0 2620 1003 2449 3143 257 9485 3460 1933 8470
17 Shortage{ifR9-R16<DS) 1000m™3
18 Spili{ifR9-R16>Res.Ca) 1000m™3 | - 131
18 Carriv Over to Next Mo. 100Cm"3 4248 9130 12000 11251 11270 8702 7010 88986 2825 1592 4263 6333

‘CQ»(QOD e

N vty U-omp = Uova/rM‘x Jarp aren
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6.1. NMeAI9IRBSAIMBILSLINNATINTAY (Geology of the Dam Sites)

mMed1assiinenniafadauiis Winsudeanmipsaigesdu

1 1 1
Sulunfiarairmdaunarananstssneuidn Wi sTestuin (Stike) AATNANYUDY
fug 1IN (Bed rock) FEIARAUAIBITUTU (Fault) 388¥19 (Crack) TREUAN (Joint) T8ELAN
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v 1

llsenaunisiansaunnlannty  mesenuuuduyage  waznsUsmdiunandudiuaes
Taseansuazlfifludayadviunisdasealudusialyl
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6.2 AuANTArasTuRuTiacfig o
6.2.1 ¥uamU (Igneous Rock)
> 1 r

Undiudadfinaiifuianielfifantsnussiifusuanufaniandu
wnsiin urgans weudilsl lilelas dduduas (Fresh Rocks) amfluftuifimauudausaga
wn Tamefsudarganinaeunis  wirueiwrresiudetiiazsasdlufuiuiiudeu

- : . i 4 % ¢ ° L - .
frgraduiviaguinnulfenlanfifinsedeufoun Sadunanlifin Cracks, Jonts
L 1 i 1
waz Fractures ifluswaunin aniumrrsrafadeuduuiduiivaausswesnuvanae
- - ::v -1 a o [
13niilu Fracture Zone Watlinszuananaziinouudeusstiosa Wunsesusndaiy
deansin s ulaie vialignenisfdugs nstatuusifatinsauuan (Grout) a1R
agnseinlAiunedau wasdim A ldagaidnadiviatidiailasainaoiuiou
1 1 13 v » 1

(Thermal Decomposition)  HLANLFMMIlAAcANREY  atlwszinasadrFmatluus
Usznaufiddyresiudatiazanadnaraiiuiy - Teuwussaausalddedagminlug
] & - wr ol - : L L4 1 li' ' 1 3 - d‘
du - Amudunrasiudaiitfnntazssaannandludaldiiuinesin  dausaiinin
[ -‘i’ } 13 L ﬂll ] d‘ L] | 4
Wallazsinayraanliuniigaviniazvinlg

T dq‘ - 5 ar = 1 b r A - -

Hugalifdaanmndusiauanialanidu weuiled vieusmas laeindiaz
finanudauseraudnegs wiindunaniisl Joints ua Fractures AaamaulipmanTuAswiW

1 v 1 1

4 Tudlursaninmafiuiegngamiirean Mtunmmaiadsuinniugatingudn

= A:l, - = a or .If P S v =
uanAalanilinasdiifymifeadunsiilnsenings asiinenvissidus

622 W#uuwlg (Metamorphic Rocks)

Suwdslaenta 9 laglifuonedesinrecud (Foliaton) weiihuiiudidl

ANLTIUTeg Bunlsivatedawandianiuigi Quartzite, Marble WAY Gneiss (Tudiu
| Quartzite Lﬂuﬁuuﬂfﬁﬁmmuﬁmﬂmnﬁ:ﬁm i ulsalfoun
anfiune luswsunswdswRousnwdunsedu  Quartzte tu wWansedeildan
dsenanaasddng (Sioy) Azfimanmizanuanlusiveaniaduiuwiu Faniuananazide

ussudafamunusssumMegRIatekay Asmnzatrefieiniidugumnn
Marble Gusew {hufuusBnafiauiieithifinis@ueforans wazile
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AUARATHWIUN T TUEAUAY Tﬂﬂmm:ﬂfmﬁq'luumﬁLﬂuiﬂﬂﬁimm%uﬁmﬁmmﬁu
Yuazifiaily weak Zone uwanihutasiniinafluginsaviadesdnala

Greiss  (ThiiiuutlsSnafiaviisdalnussmuadudoaciianuuiousge ud
Waannuiuduulsfifiunnimneineeas Senaneliifodiy Weak Zone wlfirouuds
ureeaae IreanzetEn iU llfuanmiTens uenaniudounanisne

o |=.I‘ % .d' [ U 8 » 8 . g } 4
sresusifuunusiin ligaransgiannaneyes Gneiss gatuing

6.23 Wumenau (Sedimentary Rocks)
Hunznauvitaiiudu fisainneiunudasitesrynIrs o uueialan du
o L 5 e -~ g ‘:« ~r |-¥ v a e ay d
ruumyn e Sdnwausiuduazinaslusiniiiumiiedodu dunznauligu
antTRaudnuusredviuenaantsitu 3 wanlwg q A2 Sandstone and related rocks,
Carbonate rocks Waz Clayey or Shaly rocks
Sandstone _and elated rock ‘uliumenauiiBinainnisdnsin (Compaction)
uaznsdanlszanu (Cementation) ¥eduliangasing < Wndeafuguiunse Tudfu A
o P 2y . '
uhunuarmIPAN I adivaznautveyiussduraansidamlizac (Degree of
Cementation} W&STHATDIATITONLUTZA U (Nature of cementing materials) TuLludsazaIs
1aduna e eanlad 10audn 38n uay Jamussunyniumilen
Tnenfviunse dufludiuas (Fresh Rockl Aviimnniiusegindnasunzs
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AratNnInlunsiuingy resssuninedsuiiresittinnaiadiausi
wwamensnasduiuuean iy 2 dnwuche
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tunstimesrestuiiududnyne Syncline (U 6.3) wiRcifirneees
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% INCLINED OR VERTICAL DRAIN {F)
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76.2 Concrete Buttress Dam
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763 Concrete Gravity Dam
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8.34 Recreation Component
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1. Water Resource coungil
o |
AN sszliuiliidedn “Water Resource Council Proposed Classification of
Environmental Categories' $1an1shitlssidimniieanidu 6 nguluey - Tsuenaandhs 18 a4

sroiu Tuwsazandulsenausis 911 anisdas dAvFuldiduwuanilunisimasd

WATER RESOURCE COUNCIL PROPOSED CLASSIFICATION OF ENVIRONMENTAL
CATEGORIES

l. Class-Areas of Natural Beauty and Human Categories ;
A Open and Green Space
B Wild ang Scenic Rivers
C Lakes
D. Beaches and Shores
E Mountain and Wilderness Areas
F Estuaries

G. Other Areas of Natural Beauty
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. Class Archeological, Historical, and Cultural Elements Categories:
A Archeological Resources
B. Historical Resources

ll. Class-Biological, Geological, and Ecological Categories:

A Biological Resources
1. Fauna

2 Flora

B Geological Resources
C. Ecological Systams

V. Quality Considerations
A Water Quality
B. Air Quality
C. Land quality

V. Class-Irreversibility Considerations Category:

A. frreversibility
V!, Class-Unique Resources Category:
A. Unigueness
Reference : Federal Ragister, December 21, 1971, Vol. 36, No. 245, "Water Resources Council, Proposed

Principles and Standards for Planning Water and Related Land Resources, Notice of Public Review and Hearing’,

pages 24159 to 24162

2. Battelle Columbus Labcratories
-d; ar 3 o [ dl W -~ - [ [ "
TaimwTud i USER e ldiduvdniniuriuszningudmin
v v X4
Uszifiusalaran aWRNuUaIn TeuLivgueeae *Environmental Impacts” WAaa3197 el 9
1 4 a3FUszneLMAn 391 18 &L TuuARzAYALLENeanitiy 79 unns msdsziliunsay

asuae azuuudueflawinuanudAyasnsssatduiluniga



a

Reclamation, [1.5.0ept. of Interior, Jan. 1972 by Battells, Columbus Laboratories.

b

ENVIRONMENTAL IMPACTSA

Categories

Ecology
1. Species and populations

2. Habitats and commentates

3. Ecosystems
Esthetics

1. Land

2. Air

3. Water

4. Biota

5. Man-made objects
6. Composition
Environmental Pollution
1. Water pollution

2. Air pollution

3. Land poliution

4. Noise poliution
Human Interest

1. Education/scientific packages
2. Histerical packages
3. Cultures

4. Mood/Atmosphere
5. Life Patterns

Total

167

Number of items in

Category

14

W R~ W

78

Percentage weight

of Category

14.0
10.0

3.2
05
5.2
2.4
1.0
1.0

31.8
5.2
28
0.4

4.8
5.5
28
3.7
3.7
100 %

From Environmental Evaluation System for Water Resources Pianning to Bureau of

Not counted in total since it is "descriptive-only™ item.



87.  MSIATIEALAZUARILA

BosdssiiuneRindnanthiansie Framework dwiuldlunis
Ussiumanssusasduoeden  sihinerdansiafuiunanssnumesdanndeniinnu
nfnunniludnunats Toniuasue @e WARAAT RaraTaIn it s feuans
naasgnead e lianunsneAulals

mmsj’}uﬁ'{wiﬂ&u‘fﬂﬂﬁﬂﬂ‘lm’lms’m:ﬁ'm'ﬂﬂnmLﬂugﬂmmﬁqﬁu“lﬁ
sohAalAne33 snaenin lugtlunusng 7 Fi A neafnns (Quantity Measurements)
renanTEnUenainaanii luglees Sy dmauiuiau (19w @3 reeng
ey wndnd duiu meianunmasnsznusansd wazurAmRifEafugun
mnmels Susdnuasuandtiiiulnanisdailusyduaziim 410 0-10 31 0 q:ﬂmﬁhqm wia
wafian uax 10 azdhussaufiaTiae

dad 1A lunnd inseiduend anlidrasi nansnusaszuy
iArngnavTedinninnmy asirmsfRaedenluanimilsqy euillasenis) anmiaoms
Wanilluauanile Wilanans uasiltasnts eensasiivsudedananoun Waly
AnsIRANNEANIELTLAN A TUlATRIAY

fantinatumanahetidiunnsuassnanisssiiuaanssnusaduan

&aulneiteas Battelle Columbus Laboratories Favinnnsusziiiulviiu USBR



EXAMPLE MEASUREMENTS FOR THE ECOLOGICAL SYSTEMS CATEGORY
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30

) Present . Future Conditions
Factor - Measurements Conditions Without Alter, A Alter. B
- Eeosystem Types
Grassland (acres 10,069 10,044 7,085.5 6,896
Stream (miles) 7 7 2.5 2
Lake (acres} 57 J} 3,057 3,257
Ecosystem Quality
Climax
Grassland (acres) 73 70 70.5 67
Wectlands (acres 1] 66 &0 55
Stream (miles 2 2 0 0
Subclimax ‘
Grassland .{acres) 51 55 50 48
Wetlands (acrtes) 44 62 45 28
Stream (miles) 5 5 2.5 2
" Lake (acres) 18 18 3,018 3,257+
Disclimax
Grassland {(acres) 9,945 9,419 6,965 6,781
Lake (acras) 39 53 19 . a9
Unigueness
Area {acres) 2 23 23 23
Educ. & Scientific Value
Area (acres) 120 120 120 120,
Legal & Admin. Protection
Area Protected (acres) 50 4,500 5,000

EXAMPLE MEASUREMENTS FOR TIE ESTUARINE AND
WETLAND AREAS CATEGORY

Future Conditions

. Present
Factor ~ Measurements Conditions Without Aleer. A Alter. B

Estuarine Aress ¢ ¢ 0 0

Hetlénd Types {acres)

. Inland Fresh Meadows 12 12 8 8
Inland Shallow Fresh Marshes 15 26 12 6
Inland Deep Marshes 20 20 15 11
Inland Open Fresh Water 70 70 70 70

beductivlty T
Waterfowl Use {(No. broods/mi’) 11 10 4 h)

Educ. & Sciencific Value
Area (acresg)’ 22 22 16 16

. Legal and Admin. Protection
. Area Protacted (acres) 0 10 105 95
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9.3.  NSIATIBUMANUNISIU (Financial Analysis)
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9.5  AMUUANANTEUINNISHATIEAAIUNTIINLATAMUIATRES
nraiiunsiuuasfiwAsegialiannduRudiudanisiindula

Tannns  wiidedndnyiumnsineiude amﬂ's:mrfmmmﬁmm:ﬁﬁ’qﬁnmw’mé’qu.. CNET

s (Costh uazaaarTemM ARy Benefit Fefipanuunnsemmantrlsznnsdai]

1 m‘ﬁtﬂ?ﬁ:ﬁﬁmm?uj'ﬁfaq:lﬁiﬁmﬁﬂu;gﬂmﬁuﬁa?‘qva'Ntﬂ?mg}“m‘%ﬂ:
ﬁmﬁf-mmﬁﬁq:;jaﬁwaqw%’wmn?ﬁl‘ﬂﬂ A Ralanna (Opportunity cost) ARsEWHE AW
msuaniAELuAs iz uezAnTRRTA YoANAsEgRaanaiiAN LA
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Table 9-1. Four Hypothetical Pump Irrigation Projects

(thousands of cusrrency units)

Incremental cost Value of
incremental Net
Operation © production value of
Capital and Produc- (gross incremental

Year items maintenance  tion Gross benefit} production®
Project 1 -

1 30,000 - — 30,000 — -

2 — 2,000 3,000 5,060 20,000 15,000

3 —_ 2,000 3,000 5,000 20,000 15,000

4 - - — —_ —_ —_ -

Total 30,000 4,000 6,000 40,000 40,000 30,000
Project it

i 30,000 _ — 30,000 — —

2 -— 2,000 3,000 5,000 20,000 15,000

3 — 2,000 3000 ° 5000 20,000 15,000

4 _ 2,000 3,000 5,000 9,100 4,100

Total 30,000 6,000 9,000 45,000 49,100 34,100
Project m

| 30,000 — — 30,000 —_ —_

2 - 2,000 3,000 5,000 7,000 2,000

3 - 2,000 3,000 5,000 19,000 14,000

4 — 2,000 3,000 5,000 31.000 26,000

Total 30,000 6,000 9,000 45,000 57,000 42,000
Project v . S

1 30,000 — —~ 30,000 - -

2 — 2,000 3.000 5,000 7,000 2,000

3 — 2,000 3000 5,000 31,000 26,000

4 — 2,000 3000 5,000 19,000 14,000

Total 30,000 6,000 9,000 45,000 57,000 42,000

a. The net value of incremental production is the value of incremental production less
the operation and maintenance cost and the production cost.
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P39 9.2 Payback Period, Four Hypothetical Pump lrrigation Projects

Project Payback Period {year) Rank
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1) 3.0 1
I 35 4
Y 31 3
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PINT 9.3 Proceeds per Unit of outlay, Four Hypothetical Pump lrrigation Projects

(Thousands of currency units}

Project Capital items Total net value Proceeds per Rank
of incremental unit of outiay
production
I 30,000 30,000 1.00 4
1§ 30,000 34,100 1.14 3
1] 30,000 42,000 1.40 1
v 30,000 42,000 1.40 1
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4, Compounding factor for 1 per Annum

A+ -1

(1+i)“-1]
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F = Al
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ARLAY
1. FanyyarnilaqiugnT (Net present value, NPV)
2. FEw ST HeRaLIULMULIaTATINTS (Internal rate of return, IRR)
3. Awanswanauunusaaildand Benefit cost ratio, B/C)
4. AEMARINARBLILNUANERAAIAMNU (Met Benefit-investment ratio, N/K. ratio}
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1. NFMIATRLUUANE (Net Present Value, NPV)

mMamyaAiagTiudviae nawkasaNteaysAtlaqiueasAt dnnusag
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n n
NPV = D Btt_z Ct

t
(oD D

n
19 NPV = Z Bt-Ct.
1+ ')t
. p=1 {1+
(e n = agrealazenig
t = Hanalasan9@e 1,2, 3, e, 1
ARt Tasamarstlssmuwianiivasulassnisdondu 1,000,000 uwm Hasdnie

ainn 1 1 Aldsnalumeafunsuastingeainmilas 300,000 um aednazldnadsslond
¥
mevuntdlar 500,000 uw aseaenglasanis 10 T wasanrieaitaeia desmenilstay

10% siet] senmsuinlasanisiias inanauumuRuAmIall

el

Year Cost Benefit PWF Cost Benefit
Const O&M 10% PV PV

1 1,060,000 0.809 800,000

2 - 300,000 500,000 0.826 247,800 413,000

3 - 300,000 500,000 0.751 225,300

4 - 300,000 500,000 0.683 204,900

5 - 300,000 500,000 0.621 183,300

6 - 300,000 500,000 0.564 169,200

7 - 300,000 500,000 0.513 153,900

8 - 300,000 {500,000 |0.466 139,800

8 - 300,000 500,000 0.424 127,200

10 - 300,000 500,000 "} 0.385 115,500

N - 300,000 500,000 0.350 105,000
1,000,000 3,000,000 | 5,000,060 ' 2,583,900 2,791,500

yarlaqiugns (NPY)

2,791,500 - 2,583,800

207,600

A NPV BAuduuanuaseinlasinsibinadue
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3 2
Year | Cost Benefit Cash flow PWF
Const O&M 10% PV
1 1,000,000 -1,000,000 0.909 -909,000
2 - 300,000 500,000 200,000 0.826 165,200
3 - 300,000 500,000 200,000 0.751 150,200
4 - 300,000 500,000 200,000 0.683 136,600
5 - 300,000 500,000 200,000 0.621 124,200
8 - 300,000 500,000 200,000 0.564 112,800
7 - 300,000 500,000 200,000 0.513 102,600
8 - 300,000 500,000 200,000 0.466 93,200
9 - 300,000 500,000 200,000 0.424 84,800
10 - 300,000 500,000 200,000 0.385 77,000
" - 300,000 500,000 200,000 0.350 70,000
NPV 207,600
2} MSMARSIHARALIUNUYAILATINTSG (Internal rate of return, IRR)

o p - a . PR
ﬂﬂ?’]NﬂmﬂULL“uﬂl'ﬂQTﬂi\inqﬁﬁTﬂ iRR A9 ﬂﬂi‘ﬂﬁ’mﬂﬂ {Discount rate) ‘flm’ﬂu

" a ; | 7] « <l 1 o s : o
yamlaatiuresr ldeanewasnalslanimouunuianvinty dnsdauasililugnmaoig

awsneasdusanuiine Wi ansdsslonirsuuwnlFdudiutununes enutluges
AU LgsaEl

Iy
IRR WiaAiRsdauaniiinll Y ﬁ'% =0
(o 4+

-
LB n

angaaslazaniaiul

t Haaalaranns Aatin 1, 2,3, ... . n

1

et s - v & v as AT S T
AanMgAUMY IRR Tadiuaddinisun NPV avuansineiuiarsasin
mampaammdnsdavan @ MvinbiyaAiaqiugrivadiasnisaanuadlugug © Tun
dfjimdeldinisAauaniman IRR Iidaau analiianimesediin vireandn r udaiaNsun

' . ] (=3 ' ur 2 k4 -' -~ x
70A7 NPV U NPV ﬁﬂ"l&ﬂuurmﬂllﬂﬁﬂ']’]’f‘)F‘l‘i"]‘f"luﬂﬂuﬂﬂiﬂﬁl’ﬂ\lquﬂﬂ?’]ﬁ’]u@ﬂ'ﬂu‘lﬂaﬂ
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anyddnlaan NPy eanidusuuamdngmmdausngauiuly (nMsfsnFesndnsndiusnly
ManaagnAT NPV udasafelimaniu 5% antinisAnuaomiAy IRR - Tnedd
Interpolation RINNNFANNNUUTE IAFRan A -

an v s
. . D e 4 NPV L ASms1diuammn
IRR = BRTAIUAARN - (HARNERIIRIUARYIIADY*

- . HAFT NPV 1098R 18I UARYINAEY
AR NITAINITUUN IRR 2841ATNNT

Year Cost Benefit | Cash flow [ PWF PWF
12% PV 17% PV
1 1,000,000 1,000,000 893 -893,000 855 | 855,000
2 300,000 500,000 200,000 979 158,400 31 148,200
3 300,000 500,000 200,000 12 142,400 8624 124,800
4 300,000 500,000 200,000 636 127,200 534 106,000
5 300,000 500,000 { 200,000 .564 112,800 456 91,200
6 300,000 500,000 { 200,000 507 101,400 390 78,000
7 300,000 500,000 | 200,000 452 90,400 333 66,600
8 300,000 500,000 200,000 404 80,800 .285 57,000
9 300,000 500,000 200,000 361 72,200 243 48,600
10 300,000 500,000 200,000 322 64,00 .208 41,600
i 300,000 500,000 200,000 287 57,400 178 35,600
4,000,000 | 5,000,000 115,400 - 58,600
RR = 12+ (1712 (“5,4:)(1]5_':{2‘;‘600))
= 12 + 5{0.663) = 12 + 3.32 = 15.32 %

NIWAN IRR fingisna v
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3) NMSWARIIHAINALRNUARATLTANY (Benefit cost ration, B/C ratio)
saruaneuwnusasl ManafhfinnPrmaiinauanadednigau
sewinyaAtdaqiivresnalslaninouwnursyad aqtiuressifaaviauuanaanant

L
TasanadisuilugnsAuanl sl

BC = (BY of benefits
PV of costs

im/(im)t

=it /iy
s lunsindwlaiAe Wantasinissing ) Aiflan B/C w1 Fefunng
pudnatsslsminouunui i fueslaseneldanndtdldaefidesdeludadu
‘L‘m‘qm?ﬁ'l.ﬁuﬁm'aULmuﬁum

L4

] . o at T g ] :‘/ 1Y i =i ] Pt R

A1 B/C ratio Wqmamntusiiendntasanniu 4 Anpvizall wsifilfunng

AUitARMTREAY BIC ge asiselignslduinnintazemsiifidn B/IC sndanely
v

aviulumirssilareanslafiony winfinisldn B/IC ratio Fwmsizilasanisudanesidis

ANTATIZVLLILAY 151 NVP UaY IRR UsenaunnsRAstuimas

FnatiNaNITAMITIMIAT B/C ratio aaaiATNIT

Year Costs Benefit PWF PV PV
12% Costs Benefit

1 : 7,500 - . 0.893 6,698 -

2 6,000 - | 0.797 4,782

3 1,300 5,000 0.712 926 4272

4 1,300 6,000 0.636 827 3,816

5 1,300 6,000 0.567 737 3,402

6 1,300 6,000 0.507 659 3,042

7 1,300 6,331 0.452 588 2,862
20,000 30,000 15,217 17,394

B/C ratio 17,394

15,219
1.1
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4) é’ﬁﬂdouuaﬂsz'iwﬁqw'ﬂ'daﬂ'ﬂaw.m {Net benefit investment ration N/K ratio)
amisnssmdiulasimsiaelisnmgouania 3 337naaan asuinlddnla
fAglawanzdmiunsdadusunud Aty rank) 1elazanisetnauiiafauas nanialssifiu
ﬁiﬁ’t‘itﬂuﬂ’uﬁ’mjwuﬁwi‘u nsRansanfLlasemsvinil nanaRelarinisaziliaa sz an
wazFUIR e NPV Sldnwiniu 0 wieannndn RR Alinasylomineuunavinfuvieannnda
ANAuTBNIATERWL UsT B/C ratio AL 1 viFaNnnd Lwi'luwmﬂ%@é’ﬁmﬁu’lﬂﬂ?m'wéﬁ
Lﬂuﬁmmmi‘l’uﬁ’um’mﬁﬂﬁmﬂmtﬂmma‘v?'v'ﬂmiﬁmﬁuhfhmi'qzﬁ'uﬁumﬁﬂﬂmﬁ-rims u
nedinndunuhideme ussliannsosBulasansmiaaiomsls

AEmamnzanwazazaanlunsdnasu anudtyasdasansiidiviase

| '
ar - - |

fiafu A3ullaARe Net benefitinvestment ratio aufun1sulFouiaussvinanadssloniney

]
et 2l

unuanERNAn positive fuAraeulannisrieuiarnassluninauunigraidauidAnuiy

¥ r
negative} usnawaTn LiAsti W lunsiwesiissanastemin Tnevialuinasld IRR uay

v { .
B/C ratio a8 lun1s4RA ML WHATAINEIRNG 3 35 Hdadnin Aaviunnl0E NK ratio T9WnaR
: .
ndrfunnIulunisdastfupudAanslazanis

] . a w~ 1 o i« -\'
TR NK ratio amasannléviud elinsdunnivnuayseloniPidnau

win Cash flow waalpsannsliuds Termelslusigraimanamnraayaaiiiaariumdd
wiasuanduuan LLa:ﬂ"mmuﬁ‘ﬂ'ﬂua?fzuﬁﬂqqﬁmﬂf-affgﬂuﬁﬁﬁ'nﬂuau Feazfintuludaed)
wsneedlAsanTg (§A13719 9.6 UARITIENATU NKK ratio)

anAns AT 995Emdauan (Discount rate) 12% yaAtlaqiiuseena
Usslumigng uFsaniifdausniuinnie US $ 22.43 (051+1.07+1.49+183+17.53 = 22.43)
Lm::gﬂﬁﬁﬂ@ﬁﬂummuaﬂ?ﬂmﬂqwﬁﬁLﬂuauqaﬁﬂﬁ@gﬁuaﬂuﬁiﬂﬂmuﬁﬂ US $ 12.85 million
(0.97+3.85+4.04+2.864+1.13=12.85) #aviun N/ ratio A 175 (22.43 (2.85 = 1.75) Tunseilfisya
Ailaqiuiiinidusy  wéeanfwdousnduanuds  deenaesiisaulilunsdififinirdon
Inqivdedesdairtesinmiuarurasia Fauumangnnsldeu v'iw'tﬁﬁﬂi’dm’luﬂ'&waﬁu
Iunrﬂﬁlﬁﬁqqaﬁwﬂqaﬁ’uﬁLﬂuau'luﬂﬁ’u Tdneenannuasmuyesitaquiuiifuuen
(Net Present Worth of Benefit) Lquﬁqzmwmuann"uuﬂmu'nmHaﬁhﬁf-}ﬁﬂ’uﬁtﬂuau (Net

Present Worth of investment)
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nrAnaRLIANAATYreiaNNe g FUMNAY NK ratio anunium

a -

viat atelsfims NK ratio ffadaindrdty 2 Urznasie (1) ngulasanisimiundnataisies
dulasamsidudasvsiadu Jasiuamasinliliviegiunndudeunn @ Whilddunsda
v e g 8w w , - - .
sustlasanieifianudidgfdeanninniudmgia  vielasnindssian Dynamic

Optimization Teandusfiamsudednauazlomarssdunulusuan

ar am od o -
9.9  msAmAaniasaMsiadutiunng
Wananadinslsegninisdssiiulasanisiaadamdauanldldluntsde

@enlasams  Weanfiunrszwiniannissine q  Iaelidayalasnisguinivenisea
Usznmu A nensnit 1 uasnantssndinidssn q Wluatee 9.7 Taeld Discount rate 12%

AvuFunisuseiiuiyy NPV, IRR, B/C ratio WAy N/K ratio

anmseasiiulinlesnis | uar Il Asgn reject Ridnmdauan 12%
Tasanas Il azoassUldreidiadnsdaunsint 8% vietasndn dle NPV ildwiniu o e
wnndn e 1R SlAwiiu viiagandiangaleniaraamu uasilD NK ratio AT 1
Wiaannndt emsdauan 12% iamnsoueniulaseng Il iaz IV e 2 TRsaraed)
NPV 41nn91 1 8 IRR NANNGT 12% 3 B/C ratio Nnnndn 1 uay N/K ratio 11nnd1 1 dunidu
nuiﬂi\:m?qnfiﬁﬁmﬁ 30,000 irazfaviaduladaniassnislalasenisuils sewdnalasanag i
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Table 9.7 Ranking of Four Hypothetical Pump Irrigation Projects Using NIK Ratio

(thousands of currency units)

Value of
incremental
production  Incremental Discount Present Present worth
Gross (gross net benefit factor worth calculation at
Year cost benefit) {cash flow) 12% 12% internal rate of return Rank
Discount  Present
factor worth
Project 1 0% 0%
1 30,000 —_ = 30,000 0.893 — 26,790 1.000 = 30,000
2 5.000 20,000 +15,000 0.797 +11,953 1.000 + 15,000 4
3 5.000 20,000 +15,000 0712 +10.,680 1.000 + 15,000 ;
4 — — — — — — —
Total 40,000 40,000 0 2,402 - 4,155 3.000 0
Net present worth at 12 percent = —4,155,000
. Internal rate of return = (0 percent
Benefit-cost ratio ar {2 percent = 0.88*
N/K ratio at 12 percent = 22,635 + 26,790 = (.84
Discount  Present
fuctor worth
Project u 8% 8%
1 390,000 — —30,000 0.893 ~-26,790 0.926 ~27,780
2 5,000 20,000 + 15,000 8.797 + 11,955 0.857 + 12,855 3
3 5,000 20,000 + 15,000 0.712 + 10,680 0.794 +11.910
4 5,000 9,100 + 4,100 0.636 + 2,608 0.735 + 3,014
Total 45,000 49,100 + 4,100 3.o3s - 1,547 3.312 - 1
Net present worth at {2 percent =+~1,547,000
Internal rate of return = B percent

Benefit-cost ratio at 12 percent = 0.96°
N/K ratio ar 12 percent = 25,243 + 26,790 = 0.94

Discount  Presen!

factor werth

. 14% 14%
Project 1t

1 30,000 —_ — 30,000 0.893 - 26,790 0.877 -26,310

2 5,000 7,000 4+ 2,000 0.797 + 1,594 0.76% + 1,538 2
3 5,000 19,000 + 14,000 0.7t2  + 9,968 0.675 + 9450

4 5,000 31,000 + 26,000 0.636 +16,536 0.592 +15,352
Fotal 45,000 57.000 + 12,000 3038 + 1,308 2913  + 70

Net present worth at 12 percent = 1,308,000
Internal rate of return = 14 percent
Benefit-cost ratio at 12 percent = 1.03*
N/K ratio at |2 percent = 28,098 + 26,790 = 1.05

Discount  Present

facior warth
. 16% 16%
Project 1v
i 30,000 —_ -30,000 0.893 - 26,790 0.862 - 25,860
2 5,000 7,000 + 2,000 0.797 + 1,594 0.743 + {4856 1
3 5,000 31,000 + 26,000 0.7i2 +18,512 0.641 +16,666
4 5,000 19,000 + 14,000 0.636 + 8,904 0.552 + 7,728
Total 45,000 57,000 + 12,000 3.038 + 2,220 2.798 + 20

Net present worth at 12 percent = 2,220,000
Internal rate of return = 16 percent
Benefit-cost ratio at 12 percent = 1.06"
' N/K ratio at 12 percent = 29,010 + 26,790 = 1.08

Source: Table 9-§.
a. The derivation of the benefit-cost ratio is not given in this table. .
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9.11. Sensitivity Analysis
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9.13.  msaagulafanipsimaludsszAany Matually Exclusive Projects)
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uuuaATIznausneiy  waznisRss@aniannisieunyssasd  (Multipurpose  project)
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lasentz | Adldeneeon | wemauunugvdsiell | eaglrsanas | NPV (8%) | IRR
A 502 100 10 169 15%
B 780 144 10 186 13%
B-A 278 44 10 17 9.4%

andnatidaziiuivnld IRR Wuinnuet @fandeniasanis A wannan
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