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3.1.2.2 Mean Monthly Discharge Correlation

1unmifi ianriior]rluu3rrru1nd16o.rfi i{ortra nr:inrlr d.r6rirn,iiqfi o

oioriurflurcaruru (Long termerecord) un:uitcrudq#rnr:riofiir{ri'c'l'lu {site) lfirirnrria

r-BrJrrurhoq,jir.ruoifiric.r#u lunrridorqfirnrt cenerate {oqnd site ld InsartTsffim':

nfifirdu Simple Linear Regression u1fiNn'1ttt6fl.!Fr1rr{ul1ud1o16r.*t!d{^M,?otrt'o

6n1fi unyulti'l Correlation coelficient k) rdonrccnou"jrrirri':no'rfidlr{uf,ri'urfiu'r1n o{1u

.) u .qtrn ?lvlBotJllllrto tn

u', na n',fi in,1',rtono.ro{lndriuu?a'tudufi r,tl.'dlanrH ndrsn6{ riuor qilr

{oqnrJ?rlrrurlrfi{nldr?.rno,urnffonIfl un?.! q=1dnflr'luna.lnoru{rr{ufnloonrflupJd

riou{r.rrfl urduorrs d'.rlupJfi s.z.

v,hh- i,-n ,,....d

!
a\

nlfi s.z Correlation of mean montly discharges of the Mekhong river

at Vienliane and Mukdahan 196061
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Fr1t1{fi' 3.1 Average Yield unv Specilic Yietd ao':urirlrlll X ztte.zn+

Source Calculated from figures in Hydrologic Data, Mekong Biver Basin in Thailano'

Prepared by Harza Engineering Co.

11nn1r1.rLrdn.:lfirfi nncrrfiu$ilelorrirrodu Veld rnv Specific Vekj'lto.!

uililrt!.rn'iu6ir'! ?ru,j'r.ri yt.A.24t3i25o4 fi Kratie (547 nx. slnryrn) rirr-lirrnuirvir
.,1 ^- a) i i ^-rnnfl 13,910 u.3/iurfi fr Vientiane (1606 nu. cln vrn) rir:.1?rrrurlrvirrafrs +,zto r.r.16urfr

rru'iT{fio.llaflril Specific Yield rfirfiunrn r4.08 An?nurfi/nu.2 rflu 21.53 fiorrEurfi/nr.2
.: I - Z )): 14

{lv{rJru 7.45) [rln1 Specitic Yield 61utul'luvlv]llllJluno 27.95 nnrnUlvl/n .z unvfi1ll?LlR1

Specific Yield toodufifi,nr.,{uryu,jt.: Mukdahan unv vrentiane 6o qe.ao 6nrfiurfiinu 2

Specif ic Yield Map fi "rx 1rnil1tl1fi rfl ur.rr{'nlunmrirur ruur nrtn rrclsta.r
! , 1)- - x , . -iu'lvrltlgtrlou lo tun?rumn0.in1?yr?1uu8rJltuu1yn11fl raou a1u?un1tYlc1?ru1tR?.rn'lt7l

. ! . .dg. * . - 3 irilutirrrfirrur 'lunrflf,irriluda{y1?1ulFil'rilil1rJuro6sflsrfiou (Mean tvlonthly

) "i)-t -, -r!Precipitatior) frarnnr'lufrufrfurjr *agfio.tyrfluFirdr.r:lrs8vrGrir (Runoff Coeflicient to,r{urir

riufirfl Fir{uil:vRvr6rlrvir (Roc) fifiod'nrdcury .il{ rrxlrurirvir (Bunoff} riuil?urnrfr

u (Prec4ritation) firirtirfinrirvirriu i.rqyfirir[uu:l:hJntrnnrrra.:{urirunvilSrrnlir

tluvrnnn.l ul

n i-rv'l ud n{ ne1! {xr{udrvu'irr Runoff Coeff icient riur-liurrurirdufi
.3

n nlutirri r rir.r l lurJrvrvrnlvru (qrnno.:rr.:Inrrn1?1 nrlrtn ?vvrrut ldriruunl,ilflu s

rur.ru qr1rr,ln'lv{trolriurir do Terrain A, B, C, D uar e tpJ :.at rfiovrnrfiriorlofid'.rrorrir
t-i, "- ,t{'tu unvno.!n1?u1ufl]'lruulvtcy Lua t1lq'rnnt111 Loultc6nlttlnvlur]0uo{u

. z),f; 4 ;"- - i-1. vtln1?vlvruvlqlJul {catchment Area) rurJauqnTa.:u?.!'lu qlnu ull{lJ

:.lrsrrrt

Gaging Station Drainage Area

Km.2

Yield,

m.3 /sec

Specific Yield

LiUsec/Km.:2

Vientiane 299.000 4,z',t0 14.08

Mukdahan 391,000 8,240 21.01

Kratie M6,000 13,910 tt.a3
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z.rdournlofriuri Monthty distrlbution ldudc

ur 1ruul?1Etnou tFt ttluoouonl_l?lJ1uu'tyl't tyt'tLulJ

I 1858.26
Specific Yield = 

-x1000=

' 31536x42
q1n Specific Yield Map

n-coeir.r n1rd1ucruylrB!rrurirvirsrnnfifidrqlu *aynrrurnrlrainryqrero{ ryir
.i3" , , x"

?lulfiou rtir2rufrn'{Inr.ln1rtir.r rfiuir'lu{.:rrinrt-ul'turi frrIa Lat tgoo 47' N Long 98o 59'

,2)-!,
E An1fl {1.rU?vtyrfl 1lUyl ru1p0ulr1{n1nxutlny!fi t111 r]lu1l'trU0t

)on1fl{rfi 3.2 n'r?dlucru ixluilrlunr{rdr.: r IoB'Hdr n.o.c

nn1 1rnuHnrye1slo.r

aflfnu'rwnr.z

8.95 'oK

8.95

'10 
^,

toau ri'ralurodt

NN

z ), i
ul1q!ul

KM2

R.O,C

Yo

- Rr
1l?!1(uU1LUnn'l

tir.: x t 000 r.3

lrxlgtu 4

tlJ.u 42.5 42 11.5-5=6.5 '1 16.03 L{

1I.R. 111.0 42 20.5-4=16.5 169.23 Terrain B

l.t. u 117 .5 42 2r.5-3='18.5 912.98

n.n, 133.5 42 23.5 1317.65

a.n 211.0 42 34.0 3263.20

n.g 234.5 42 36.5 + 5 = 41.5 4087.34

n,n 109.8 42 20.5+5=25.4 1 171 .35

11. U 25.0 42 9.0 94.50

6.n 7.50 42 0 0

ll. Fl 3.70 42 0 0

n. 2.5 42 0 0

r.n 12.0 42 10.0 126.00

1,017 1 r,858.26
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n1r1.lvl 3.3 ulnlrtrr.ln?J!1uI0'tu'tnuqutlurFrou

l2l nlrLltinizcl xanililclndnlflinh p.s luutiitflt
, y,)" i

l3l n1?/Jtrn'yc1 EJ'.tlolu1n1n n1u1 ru Lnclnnl?1nn I

Ioau

('l)

7o fl'litlu n?ye1g :liu vo nrr

rrdn?Yc1u

(4)

- 5r
,r1ruu1tlr'R

a{d'r.r (!2 )

(5)

rirynnrnanrfi P.s

lzt

ulvtlylaluctu to

(3)

tri. u. 0.9 0.98 0.90 106.72

.n 2.15 6.49 3.00 355.75

lJ. U 2.89 7.70 3.80 450.61

n.n 6.02 11.1r 9.00 1061 .24

6.n 21 .44 27.52 23.00 2721.40

n.g 30.50 34.47 32.30 3830.22

N,A r9.14 9.88 15.00 1778.74

fl.9 11 .42 0.80 9.30 1102.42

6.n 2.95 0 2.00 237 17

tJ. n 1.11 0 1.00 1 18.58

n.v1 0.72 0 0.00 0.00

l.t . R 0.66 1.06 n7n 8.301

100 100 100 1 r 858.26
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-i" J. .l
a{uu tun1fl nonn1R,l1Nrofl { lunlfoonLtu:tc.uu0qn!{entln JY]?fl fl nutuu

y. .c .!
un'nrdu nrmvurrlurlurilo{l{rir p(2, Dc) uio p(s, Dc) Ehflru1nr6n1{ D(2b, o.) tirlrfililr
rurrrlurlld p(1ooo, Dc) !fludu

'[unmaonuurrvurrrururl.1unufi urrv:Jqn fi crarurfi.rnmrrfi ru'nrlu
!,

nrruutrvicraoln-tlnrflhirinnmrrrfiuuru rflurir Duration fr'l{lunrroonut.Lu rriu uriirc

1{ p(s, zzt rflufiu

,!
n?1!vlurioilvirNro{fl xrilfl oj1{ 1 uaollflunrer.r

)
tllr'l.lvl 3.4 Flood Tolerance of Agriculture Crops

Crop Type Tolerance (hrs.)

Coconut, rubber, oil plam, orchards 72

Paddy field (total submerce)

Paddy field (total submerce)

Banana Cocoa

48

Coffee, papaya

Maize, sorghum

48

Pine-apple 24

Tobacco, Vegotable Very low

ujo?rrun0{n,)1N16g.i'!o{01n1rn'l.r'l 61N1rnn'tutruu't L0e'tn{n?

[1 - {1'lfi}Rl-100 7o

tlJO Pr = u.Jairiuoiaoorlrdeo

T = Retum Period lo{n1?tfrn

R = o1qn1tld.i1urona1n1? iolnr{n1,
.-1

orrfl .rrjr{r4r Ejittn n.: r of rturiro.: n,]1 N rfi s'rfr Return Penod dr.r 1 fi'u

Pr
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N1'1{fi 3,5 PERCENTAGE OF RISKS FOR DIFFERENT RETURN PERIODS

No. ol Year

ln Period (R)

Return period T years

5 10 20 50 100 200 500 1000

1 20 10 5 2 1 0.5 0.2 0.1

2 19 't0 4 2 I 0,4 0.2

3 45 14 b J I 5 0.6 0.3

q 63 41 22 10 5 2.5 1 0.5

10 87 65 40 18 I 5 2 1

20 98 88 u 33 17 10 4 2

30 99.9 96 78 45 24 14 6 3

60 99.8 95 70 43 26 11 b

100 99.4 87 OU 39 18 o

200 98.2 74 OJ JJ 18

500 99.1 s2 63 39

1000 99.3 vb 63

3.3.4 1Jaillrudluo{6lrt3|nq'rn RATIONAL FORMULA

^l)-l - ;-z;h,-
luvluvrtuu1lu'rorn n (small catchments) x.:]Jyiuvr Llrrnu 50 nr.n!. LlttJlru

riruo.l6r4or (Peak Runoff ) 6'r!lrn,irueurrlldnrnqnr

3.3.4.1 Rational Formula

rJ?rnrur1'ruo.r 6.:4 nmndufi fi.rirlur o 16 n tfi dufi lri rfi u so n r nu.t d.rlrii
.-,! -1.i, 1)-r"-

nrrrilurinrl'r !rlnoTuLfroilufr Duration tvirflu Time of concentration (T.) :iorfrufriuri'rriu

rLni61N1:nn1Ul tOC1nfln'

tol_ = 0.278 CIA

u :Jlurruriruolq,:40 (Peak Discharge) {N.r/2U1vl)

l.r./tx.n'r1lJ r{}]to{du (Rainfall Intensity)

lIUYlrLlul (Calchment Area)A

L Runoff Coefficient

nt.ntl



clnqnr Rationat Formuta dH'euIfl ul{{ryqd'nunifi ntimrrudcldd'li

O(R,T.) = Cx l(R, T.) xA
3 J a, a

s1niofi il\frj1u (Assumptions) ro{4ntil rJ}rrnniruo.:q.r4orrfi orialrrfi

Duration tvitflt.t llme of Concentration (I.t dodui Duration grcn.jr Time ot Concentration

t-BrTnrrhuo.rq'rnnsvriniufir.ror T. uavnui furruryirnTuornontJquduuqor firar:rdtri
.i.a, ^ ! -nrlx tilflo.riluryildunnon riu6orirrFrrrurjluo.!6.r4ncyfl{n.rfirirrvirf,:l O = 0.278 CL\

3.3.4.2 Runoff Coefficient (C)

dn rrtarGr rruriruo.rs vrfl udo6iourilro nrrro.r du dtlir uri n rvi rq ilu
) - , ! t , )- x ,, 3 .,i- r -, ,,4v ' i i

1ru.i dod2uucyluoqnunulolluvlruul e ?'l.lyruylrxu'l {}lllrylylfi flu Lx rLnJunnq:Jfluvl

- j.l- | - - !- I d, "-ul vluvll]Ju'l '14"1 6n61uOnnn1lUttUnl1 Runoff Coelficient n{O11C!rln1fl.: ltu 0.01 ff1lxrU

z; . -2;
fr ui:rriduhiuururiu qudl o.ss ziruiufi ufi muGeLunvfiLdr (lmprevious) rdu Ecnuu

Lrnvvn{n'tulu rllunu
- ! )- ! )

riruiutilnto.:fr ufr irrlrfi vireicuuln'lun1rfr ilrrulInr.rnr:ro rvnrucv
! .; - -, ! ; , . ,;. 2

nnrJotrtLluljl Lllr.t lruytLJ't.rd?u L0 qnflfiNu1tllul\uvrty,rly]lqnttne n1yln11!unlu (F].:

. i , ) tA-r
01f1.ivt1uu) a1 n'tn,t'tl.ln'tatvrlang10.i11uvt?ltu1 6MrnuM Ln lunlrnlucru In4l11rru

-!n1?flq1r 100n[l]tuo1.:tn!ul

Catcment Slope (%) Runoff Coefficient {C)

G2 0.3

2-4 0.4

>4 0.5

rir Runoff coetfrcrent druir:fiufifirrlrlutirrrfiurirqvidrwirn"u r.o 6.:i

orccvfrrJavrrlfirirro{LF rrui1uorfrr1:.lr.rrn rhfrufrfrtjrlucjr.rrfiuirluqj,iu t0 gorio.r

z ;- | " -ifrufrfurlr 1unrrfrfrorqfirntrlirrir Runofl Coefficient rdtLlrarilnu'ldqnro''rfl

1/A-l(A-S)*C+Sl

Water Surface Area

Catchmenl Area

Runoff Coefficient

C

S

A

L

i

L

rNt
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3.3.4.3 Time of Concentration (T.)

Time ot Concentratton druiuiudfr rrlrfi fi o rrnrfi rlrluaqrnqnlnnno'lufiu
;, z !;- ""vlrl,u'lrJln{qn outlet uro Point of lnterest n1 1Fi't Tc 1o.!l,1uituu,r nrur:narutruu.r'l6

--q ii .j B" !)-! j.,,".
vn1g10 tuvruQyr n1,tn.!lf nlrulnl Tc c1nn1Ft,t'tNt?lLflng1o{u't tunuylruul {.tyt1[rln1fl

.i, .a - t )- i . !-
tlaY luaraqnno.!oq tulnrunyrElotJru tl,D]1J61u:!?ruylruu't1tu']ntan Lun111.iyl1flur]JLn1

. .'i 3r . ! ^. Z;- 1 ,2 i ,-
n11'.r Lrl[OnE]10.:U1 L1!nn.:1]1Fl1:JO',rU16?rttlFt LUllUyt,ltU1 rilUCyiuO[,iflUrjlnl1rA 1O

) " ! t. ,4 .i I i, !
ronfllo'ia1u1 tr.! LnnrnB.!n!n1n11!a1nr 106flIo.:yluytq!u't

Average Gradient of the Stream (70) Average Velocity (m/sec.)

0-1 0.45

1-2 0.60

24 0.90

4-6 1 .20

> 6 1.50

urJlfltlrq stope dlflun1?r'rdao snpe rdscflud'Llun.rrr.rfi1d1,lrrir Runoff coefficienr

. .3rirnruun'hi L Ao n,r'rxrl'r.Jfinroniitft Watercourse) tflutxnr trnv

v 6o nrlurfurodg iflurxnr/iurfi (qrnnr:r.lirwu)

rme o, concentratlon drucrur.trldcrn4m:d'.ril

r _ ! + rS (u1fi)'c - Vx6o '"
-.il ',., ixv.

real t 5 u'lfifrrfixL.tr'r tu a!n1t o t?r1'r14ru rnrer Time 6rrflurrardruit rir
,A t ,!, z)^x oi,^a-)
lunqrnrhnrui tirunuvtnrlmrulutjrrrfirrjrl:.lfirri'oriou u?o Spitlway (ourtet) lneilnfi

i . !i- Y
lnter rime flarrrrnenuru'ldqrnrurnncuillcto.ifrufriJ-oi'r'tutir.:rfiurir lnflfi'rlilq;l{

rln1 2-20 ulvr dlu?1Jo1{rnuul' u10l6n

A
3.3.4.4 421rlttitt{at{tlo{ Rational Formula

- i..,r. -!, -l
Rarional Formula rrlu6nrvr t! lofivncn .i1 [nv tuaraL urul o lc 61utul\u

)- z - - ..|
fr iuurrur n rfi nlufr .l + nmrqi'[n rN n, ( 1 000 ro rrrof) od'].ilrfi nrr lufl n1lurfl ufi fl o riu riu
, z.- -i;-"-!) . ,J,?1 Rational Formula u tlrlln LiluvltIonO tn LufluYllulrl Lurutu LlJQun{ Ll..ltnu 50 !1t.lllJ.
. -{i6'rurunuvri,ula !!rrU Hatronar rormuta cvlfrrirfiqr rfiutrJ unviar'hiurlnea66uuvru
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n'l?u'r n ttJ lnq Jn0.:1,1t1rtu1n{0.t ri'Llf Jnou nl.i 1 runlu

-ru1nnolfi ufr firir {Drainage Area)

-nnrnvrr.:qrnivrur lndrofl ryilil.Jrrurirdu

-fi l1nyl1{ n1sn 1nto.:fi ufi i:lir uiu 4 fi :J rv rvr rt rJgvr'it tn un yorrffi y,sr

, 2 ) ..J-
n1?llnnnt] uvrLLnJnlt Irvroru

-Trap efficrency r.liod'otttdrugo'l Reservoir Capacity ttny annual llnflow

v A'tu.
-LrntR,t't,.ru10110.11lo{nr LflyllnlrFlnvt l nl?u0fln.r1 10 'il o{n ryno1l

, )tu -r i. "rn1{''l vl Ln ln11tJ1cyr10.rllfi n'rfl vr Ln0 LRri': nu

3.4.4 nlriluaruljeillIunrnou

elnn'rrdlmcrravrfi r{orlnnrei'o:J?xlrunvnouc']nrtririrarurir.: 1'[u:Jv
,)

rmn'hflun:,'[u ?rLvrflrffoui1u'lndrdil.r n1fln:lrvvrluldr{mu1rflu{ntn1?61u')ru 1

- f "..LJirrrun:nouidl{atrfirlna.rnrmo ?:vr1uru1fl nn1'! LrnvruloL6n d'{fl

LIJO UIrlrunYnourunq lutir'r (r.3)

Coetficient of tenain's Slope

dnmnl?dnr.IlJrJofiu (utJ.ru/nr.n .)

i),""
llulrruu',r (E?.n}].)

''3'+01qn1t H{1un0{o1{ Lnuul (u)

(1) rir Coefficient of Tenain's Slope (C)

rir slope uurufi.r stope ro.rdufi furlrlvanldr.rrdon;o2n'lurl1

Stope 6.:ri l,lunlil{ stope ao.rdrriru?rcrufifrori.o',unru d.:ldrit,runrirl{d'li

C

d

A

n

1lu

Slope to.odrir'luuSrrrudrl 1

<1:200

1 :200-1:500

1 :50G1 :1,000

> 1:1,000

c

1.00

0.90

0.80

0.70
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4ru6luUhno.tfllnrhsrlu (Propenies ot lrrigarion Water)

nru6rr:i6na.r'rra'rJr;nrufidr6'19 4,rnr, 6.:,irrflusyfia.!f,nurriaurir

L1l lt Lunllnn rvllluna

t. ncu rir{ulo.: rndofin;nrtLoqj'lurlr frorat Concenrraron of Sotubte Satts)

u6o satinity

z. aruririuto.rltrdurfi d'rrt{ultri'u:l:vqlrntororndu (concentra-tion oJ

Sodium Relative to Other Cations) r,lio Sodi.ity

g. ncuririuilrylnu1o.! Bicarbonate uny Carbonate

_ .i f,a -4. n11 tMU10':61Ft Boron rlnJ6',tFrouyltljuylljnOlln

3.5 1 n21illdxduto{rnhayrs-tu a (Total Salt Concentration)

r nh o I rJ o n ryyru rioRrruarrtolun'lrg nil'r1ro{fir y6o osmotic
f,--!-"-LrY-.r

pressure i{ osmotic Pressure uqt6!11u6nun,l'l}] L1,ll1uta{lnnofl.llrN6ylnva1uoq Luul cf

nl?n1 uo a1n'l1u 111J1U10{ Lnnorl lA 216RO

'l) Total Dissolved Solids (TDS)

rirlnenr?urilrfinrorudrh-hirtiufir"lu Plarinum oistr ud.lrir1il'i'.:utitrrin
.,i a - 1 U

ro.rFynoufiL froaqj frur,icoinriufrn^niulorrnn-oojoir6rtnvnre t 6nr r.riarflu Parts

-r,l .', i . ; i Y,",d
Permillion (ppm) a6uqY t nlvr0nno{ uJouluu Lr]u61ratn1E Bicarbonate Llltlvfllt

Bicarbonate ey6nlsoi'el:lilrulrru#.rr.rflrrfiaqnRel iou 6.:c;fir'l#rir ros finhl

2) Electrical Conductivity, ECC

Ltlu16n1?lnU1llftJlrurnnAIOfll6Cnnl1ltn1Uvt1UrtAYnrvBfit1'{'lrYl.l'l1.1

r?r Etect,odes z ri'u fiileqjlunrmvaru rlru?t1nf,nvuflud'orir!'lfirfirno u1n;1ifi1rcvfi1u

rn60oi^v,n1rJ1rnrflud',:ri{llfirld donmuarur:nrfluncrirb{firicvrrnraiorioo{uoqiriu
i ,., r"

il?mruro.rrnaofrnynluodluil1fu rirfil{iolflu ec unvfrurirurflu mho/m u?o Siemens/n

(s, m-l) '[rr Sl unit tdonmrnvnentunll{i1ufrau1fruli']iltflu mho/cm (mho. .r-'l;, rnilli

mho/cm {m mho.cm-1} LLni micro mho/cm {p mho, cm-l)

1 mho. cm-1 = 100 mho. m-] = 1OO s.m-l

, t- -,:trir rc fiiocrnnrrnvnrsr6fl criuqvfuirrfr liurlrvrrru

1O.t61rn3 t'tur,flu1u 1 -C nvuurl'{o [uF]1?l t!iot'lluN'l nt51ut0t?llnu

2% uroqruuqu

q.!n1 un l L{



OJ

qruuqifr 2so c rflurror:5ru'luntera.ru,ranl?]1nfi01rBnylfi{ryrgd'nuni!flu EC25o

dcunrrirrnir ec fiqnru4fioir.r 1 a1r1rnrlfisuritflu EC2go ldlnel{ Correction Tabte

(Richards. tssa) uiarir Correction firiruuol,i'riruir-rusinyrr,lorfiofildio

ri1 TDS rtni rc25o dld{nllrrJi lnln,]1xli!{uno{rn6o'lu(tnvnrsqvi

ncudlriuf,riurflurdunal (Dinear Retatronship) rdorrcurtuiuq.riutJnufi.r 1o p mho. cm-

- -.t ".-1| (?u 3.1 0, n.JlNdrJyrufutt'rtl1?nr1uurllu4fl ,lnn.!u

S (ppm) = 640 x EC (p mho. cml

ncrldur{uf,tvu'i 1.! osamtic P,essure dc;ar! r m 6'rrlrqr n 6utjl6tiri'u

EC idnu,u:rflurduorr.rd'.:1uXrJ g.tt 6.!do{ oP fifitcvarlmnqnrotirtJt{1fifird'u Ec

. ,,u- tn'l{ 1 nu t1flur1Ju6ln1t lrln.tu

OP 0.36 x EC {p mho. cm)

crnnrriourGr 1rufi1?8ya1910{[nn0 tu rlorJid rc dlrJ'rro,i'rrunAruu

n1 10.lu]nlullttJ'trun,t11rtIrJ1u1lo.i61mYn1fl rna000nruu 4 tun{un0

rlfii srtin,ty oirrulr:mrriufirri'r1:l udrio*d'':r satrniry qriuncruu,lrurv
- a ) - .i! a ,

ftrtqvfiofln.i druiunrfr Sensitrve oiornn-o unvdufrurililruldrJrn (Low permeabitity) Intr

v''rhjrirfril EC drn'ir 2s0 micromho/cm 1fr1d6'[unrrra:]:yvrruri',:hl uoiflorccyfirJnrrrvviu
, r f,,,no nvr L,r.loLnaou1.r [u.r.J.t 250-750 micromho/cm druiurirfrfi EC lurir.r ]s}-2lso

.lt 1., ,r'- .i ,

mrcromho/,)m d1N1tnu1[L] !tyl1n1?tA ryyrlu LntlluytU']ylo tC n1lln'lfCU nlrtlny! nlrqo
I )- i .i-

,ruurylJ'rsil'rfiA drurhfrfr EC q.!n,jl 2250 micromho/cm Inafi'rlillriru:Jrvdruirjnrrrn
-irlrvyrru uoioeir.:lrf, otufr fi turlt orfr yusio rnn-o a ur rn rn3ry rfi rtorldd riuan T ruorir

rnuu nln uqun1.:Nn1r?vu'1du1yt0

Electrical Conductivity

micromhos/cm at 25o C

Salinity

Assessment

< 250

250 - 750

150 - 2250

> 2250

Low Salinity

Medium Salinity

High Salinity

Very High Salinity
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Figure Il.3 Osmotic pressure of soil exlracts as relaled to elec-
trical conductiYity.
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3.s.2 a'rlilrdxdutodtriisr.r (Sodicity)
, .) ,.3udtrEfinvnraoqj'lurlrroil:yuruq;fiaariofiulugrjro.rrJt:l (tons) r.r1n

)n'lr llrnqn (Molecules) mqfiti:.J:v1urn (Cations) udn6o rnnGsil !r nruriu uar
i.,,

lrngtJ fiCut:llttlf,t{B xu1{mu.llnnuoU 61Eyllullrvln! (Anrons} nlutyrunanl? olun

lunrfuoun dnn.|n uavanol:d nfurdru.lqootroiunylutoren fi:Jrnnoqjfir.:rdnriotr

nctrriud'r.:v?ao''unrslo{rn6ottrdsr (sodium harzard) urldqrnnlu{ur{udtor:Jrv1
t-

u2nno{ LxragrJ Lrnytlnn[,!ur.] n:Jll ntuutrulJ n']fiafi.Ju ryculn?o.l t{rnflx(.r:ru ounl'1u
r"2

mnrnGah16silc;6.:iu '[urrlnnrYu{ur dr:Jrv1!,lnro{unn!6Biluniuxnrurt0r,{liu
-tdunruqrn rndallrdsrqvnn{oun.! otir.rlrfi nrrrd'uerrrsqrnrn6ohrdslti.:ft uodriud'nn

n1rq6{!1,a.:0un2fl

rnrudnrriourouonroqrnrn6ohr6flrlluirtnilrvrru nruvrirlruro.:

U.S. Salinity Laboralory lfiuuyrjrtild sodium Adsorption Ration (SAH) tflurnrutfllunt{n Lnu

-!nl ualuuomflfi.Jun\ru

I

I

:

a

SAB
Na

Ca+Mg

2

Ca rro! Mg 6ar]?r.rrrunmur{l{utflu Meq/live {sodium hazard) tlri

nr:rvriruur,iu4runryrlo.:rLrnrl?yyrluclndunflalt16ulriauir.r{'tu1n n.jlnlrdluun

c'rndun?1,Jc1nrn6o (salinity hazard) rdo{crnd'uq'erEhrdsuiuiuoqlriudnrnr:qoir.r

ttrdsrr!o.rhu u?ou.Jofltuo{ltrdaldrLnnr:.ldEulfi (Exchangable Sodium Percentage, ESP) 6.r

rir rsp dtl.rriuurlrarnflufllrirao{ Ec fi'cfl

uson tfi a hr Diagram drui:r.i1 runfuq run1il1o.rrlrr nrJrvvrrud'*:lu;il

O.tz lou'['ii Elsctrical Conductivity (micro mho/cm) l,la! Sodium Adsorption-Ration tflurnruri

riruun
,! Jr, "n:rllfi uno.:'luXrJfi i1.le1nalnlrfrldcrnnr Rno'i (Empirical Equatior) fiifl

fioN

RO

n?1ilrfiu:.ru

nnv{rdunar'l

n?rl'hfiuri1.!

S = 43.75 - 8.87 (log C)

S = 31.31 - 6.66 (log C)

S = 18.87 - 4.a4 (log C)

tlJ0

S=Sodium Adsorption-Rotio

C=Electrical Conductivity
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Table lV.3 Tolerance oI various crops to exchangeable sodiunt
percentage (fSP) under nonsaline corrditions (l'earson,
1960)

Tolerarrce to 1:5P

anrl rarrge at which
cffectcd

Crop
Crowth respons€

under field
condi(ions

Extrenrely sensilive
(t-sP = 2- 10)

Selsitive
,'E-SP = lG20)

Moderately tolerant
(lisP = 20.40)

Tolcrant
(L:5P = 40.60)

Mosi tolerant
(/,J7'= lrore
than 60)

Deciduous fruits
Nuts
Citrus (Citnrs spp.)
Avocado (Perseo omcricauo Mill .)

&ans (Plraserllu s vulgais L.)

Clov et (Tr i lol iu m spp.)
Oals (Ave o satitq L-)
Tall fescue (/tesrrca arutkli acco

Schreb.)

lnlreal (Triticutn aestivut t L.)
Cotton ((ir-rssl,pruzr hi|^uru L.)
Ntalla (lr'lctlicogo sorivo L.)
Darley (llonleun lulgare L.)
T on].atoe s U.), c q) ars ico, t

esculanruu Mill.)
tscets (lJeto vulgoris L.)

Cresled and Fairway wheatgrass

\Agntp.vron spp.)
Tall rvheal grass (zlgropvroa

ehnrgatu n (l losl ) lrciu.)
lurodes grass (C,lloriJ ga.r?,rd

Kun th)

Sodium toxicity
symptoms even at

low /:5P values

Stunled Browth at
low tSP values, even

lhouglr the physical

condition oI the soil
may be good

Slunted growlh as a

resull of both nutri-
lionrl faclors and

advers€ soil conditions

Stunted Srowth,
usually due to adverse

physical condition
of soil

Slunled growth.
ttsually r.lttc to
adversc physical

condilion of sorl

n1r'l.td ,.E
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S,II,INE AND ALKALI SOILS

No*
Meq./ l.

2()

t5

to

5

,

oo+++ Mg+ +
Meq. / l.

o

D.2 5

o.50

0.7'5

LO

ro

o

.)o

a

qrb

.6
fl-q-

.q
\9-ts \o

s

"""b

."""*

"""

t)

q/ a

^aosv
A\.

e r5

2A
A B

lir;rrrrc 22. ' N"nrgrorr lor il.rrrtr'itih8 r[e -S,,lll rrlrrc ol irrii.rion E0r.r nnd lor c.lim.lin3 thc concrpondins ESP rrluc ol
r soil rlat ir !l cquilil'riurtl wirh tl,G Ftlct.

q

o

3uv1 3. 13



Table I I.l

,l1t 1.,vr

11

Linrits of troron in irrigation waler for serrsitive, scmi-
rolcrant, and tolersnt crop species based on toxicity
syrrptorns observed on plants grown in sand cttltrtre

a-o

Seusit ive
(l.J- I pprn bolou

Senri-tolera nt
l-2 pprn boron

Toleraul
2-4 ppnr boron

(lit lrrs
r\vocatlo
r\ pricttl
l'cac lr
(--lrc rry
I'crsirn nton
ltig
(irlpc
r\pple
l'ea r
l)lrrrtt
Navy lrcart
.lcrusalcnr artichokr
Wirlnut

Linra bcan
Swect polato
Be ll peppcr
Oal
Milo
Corn
Wheat
Ba rle y
Olive
Field pea

Radish
Tornato
Cotton
Po tato
Su rr llowc r

Carrot
Le t tucc
Cabtragc
Turnip
Onion
Broad bcan
Altalfa
Garden beet
Mangcl
Sugar beet
Palnr
Asl)arogus

l eaclr group the crops are arranged in descendrng order of tolerance withifl lhc
rangc indiealc(l-

Table Il.2 Recomrnerrdgd nraximum concentrations oI trace elements
- in irrigation waterr

n151.!yl 3-1e

Eenrents

For waters used
continuously on
all soil
(nrg/liter)

For use up to 20 yrs.
on fine-texlured soils
at pH 6.0 to 8.5
(rng/liter)

Alu nrinu m
Arsenic
Beryllium
Boron

0.0 t0
0. l0
0.0s0
0.20

20.0
2.O

0.50
2.0 - 10.0

0.0s0
t.0
5.0
5.00

5.0
0. l0
0. l0
o.7 5

t.0
5.0
5.0
2.5

Cad nriu ln
Chronriurn
Cobalt
Copper

Fl u o rine
lro rr

Lead
Lithium

Manganese
Molybdenum
Nickel
Selenium

Varradium
Zinr:

t5.0
20.0
10.0
2.52

0.20
0.0t0
0.20
0.020

10.0
0.0501
2.O

0.020

0. t0
2.0

1.0
t0.0

I Thcse levels will not nornrally have an adverse cffcct on plants o, soils. No d.tt
!ydlablo fot mcrcury, silvor, tin, titrnium, tungstcn.' Reconrmended maxlmum concentration for citrus is 0.?5 mg/litcr.I Only tor finc-tcxrured acid soils, or acid soils with relativcly high contcnt of iron
oxide.



3.5.3 BICAPBO}iATE:
?.jd
u1fr Inl^rxriuiuro.: Bicarbonate lons 6.: fi uuclritfrcvfirlfrMnGfl rlLrav

ad a i ( i " . i
llunurtrg1.] LuulnnnJnouu]ulnnonlttutun d{qyfl1 Lu6lrnJnlflrnrio ludulirJ{unu

r rs dl
otir.rl:fiorurJfrfi?u1rnfrfiqydourfluciolr.J uayrfiorJiulurRnr;s LrnrulnflGflunnn{ {n

.idruncrldur{u6r0{I{rnsr.tilnv(.:fiu rirhi6ufinnryrrflu6uair.r {Sodic Soil) 6riu
nl ri rn?1vfu'r'il?N1ru1un15l! ruo r iu1'[ur no.l nyno! No2Cq (Resiciual

sodium Caroonare) dlnmvroraoli Eaton(19b0) ldaflrirn'iGlrrunJnou Na2 Co3 lid'{i
Residual Sodrum Bicarbonate

> 2.5 Meg/1 Water is Unsafe

2.5-1.25 Meg/1 Water is Marginal

> 1.25 l/eg/] Water is Safe

3.5.4 BORON:

Boron rfl rni r ul iltrvn rroqj'luri1o?lr n'r lur]?rr rurir.r 1 ri'u rfl uor qfr 4r rfl u

ft'lu?un'trLqr rnulDl1o.:vtt rrnllt0lo.!nl, tll tu:.jr}]1rurT,tfl.i Ln nuoflrvt''tuu 1l'lnNUlN'ltu

x'rnnvr tldunflsriofrx Eaton (1954) n!'j1fi{deu1uqjfi:Jqn1u6uil?1ilsyrq3ryon.lufi i
Boron oqj:vu,Jr.: o.o3{.M ppm. unirfludunrrroiofitrfioinrlrr t{x{uro.r Boron (rfi.t

'l ppm

oeirltrfi nru ?ur ruro.t Bo,on dcrrfl udun mfl dofi tvriohidurTutfi olo.l
.i - + !.

nqyllnl'tuy]uI1uflo Boron ,t'tnll1u-: [n n1?1.i1i 3.9 ufinnnunanfluvtluno Lutouvlrlnlf

rvrryilqnl'rAurrs riu{qrnfiostr.lurilrn

uonc'rnlurturdrti.:fi orqm16 nvalutinfi avnluoqj'lurlrnrrutrfi d{arc

rfluo'uneruoiofitrln:Ji lrurrolrr r{riuq,r mr.od g.to ufin{tfrnro{olqrolunv }u1ru

nrlN fi:Ji ufi sarrhidruiudrtnil::vrru

olurlunYLtltr,llvt:.iro q1nuu.160

1. Diagncsis and llmprovement of Soline and Askaliisoils l.tSDA" Agriculture

12

notLutul

Handbook tlo.60

2. Ouality of trrigation Water, I Shainberg, J.D. Oster lllc Publication No.2
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"t4.:..'l n'tfd't?erfro{tiu (Reconnaisance Surveys)

ifl unmtir:*rqrvrloiruunri'nuruvuiuuavzird'rgao.:dufi aur nlud rfi o1{1u

nlttt.lull,rn*ruum;d'rtrF r.l5o::d'unrn nrlr:nurlr1flunrmrr uarulrrr.:nm{uurn rfio

fiqrrrurfirdnr rarnrn{ruutnttnunr fi:rtLa:rdtinto:1alilrrnrin nr rrnrfia.riruuo
x)4e;, u"1," i i.i,",

1r01rHrollrlrvr txLyiouqn Lnvll tlj yro Ltlqn Lor,sfi']Jor.r1{ Lrnyyruyrvl lllrulJlyfilJn0 nlfl?r1Y

ilqn 1unrrfin":rurordflrlc{flud'nrdurderfiu riunrrdmrq'lur?udnrrrncrrrurry6rr.o.l
)1 , o 1w -Jf e )

tnl{n1?.agO1flsilo{ayluOqltnlutonOHnylLngeiO.l LtffYlLl.lUylVan 1:50,000 0'l'i!n1,
" : -, - ,1.;
fi1?oqn1nfiu1 rTiu tFllJu1.: rnnuou LTU rclJuq fil?eqnn 1.5 u. 1 uqNnolruvt 4 ,r1r'r.:

fiTnu.rora u.avrqrvuqlfin +s uorr t uqrriodud +o nrm.rilnmflr rflufiu rfiofinurur:u
.)-!i

n'r'l.r I tnri.lnunru6lJUnno.:rlu 4nm1fl u1 u6JnlrrvrJluu't

" .t.4.i.2 nrtdrtcqrfioilnril6zl{rux'lrllrJ (Semi-detailed Surveys)
1 e " "- d ;1 ) -rn1un116l,rqunyfln1J11a{a lunurlunvroflnrvrl.ilurn lnLnoln Rru6}JUrr

1r€.!ou fluu'r tnrtu 6fl1v! n1rrvL]1uul Llayou 'l r1r0 tl, lfrno{flv)nyroflolrnyq nno.r rTrEiv{o

- ",-t ),
?l1lr5Unlrflqlrrul ln?{n1111 F]?'tu t14lt1y6tlu,a L!tnu.: Lor 6un1ln{vtuuro LuxvlLlylfllu
.h' ' X A)..
!n L!ru 1:,11xnon1?LnEn: lluvrYr ttrTrlt Qn LolJn.r't1rrlfiJ'rvt{rJoqrvnLr !a 1nn0{rl'r?

cyfii1{In."rni?cvcrruarunrrrirr urruadr.:1:6.:c;arrJren:lfirrJr':dufirudrr?uhiiinrru
u ,-'- -- |

rux'rv6r'[d uny'hil.rnrufrndrrilrionlra.:yru '[unrrdrmcrTufl,irrflufio.:lfrulufinrnrirt,]

vr1.io1n'raNl nlrdcu t:ts,o0o u(udr,rdn,.J1nrrs(ru 1:20,0000 ua:rnr;r,llqrdrrcot,aniu

rriu uqrulrrdn 1.s ur0r, odr.:riog 2 yqrJoionlrl{nln rlrtr uqrror;6n 3-b r!n, odr.l
r, ,if . i-
uou 'l lrourlofluyt 20 n'll1':n[ntrnt ttnSua! tc'tyfi'tfll1Luorluflu1o 1x2xl L n? qluQu

t -2 unloitr6uuoinc rvLnvl

^t-4.3.3 n16d1f?ci"ufl sncr6aa (DetailEd surveys)

rfl unttire:ccrdof, nurluiu:lsnvrdso rfi a1{:.lrynounmdntn*n:rr.r

uaumsn::16s nro.rInrnnl, l nrJrvn'r rfrdolfildrrsny16u oso.:ioXnfi 4r rfl uriounlirio

airlarrrrnriryurrur,rrilrrrrnuodAuui.o 1ldqnfio.ri.:{u druoru:.lilrrurlrfirio.r{n
.J

nr'lriurin vu?rrrun-onr:oonuurtyuud.:dr uaynrnlr:riulrFn rnyormqnoLrfiltioqafi

" ";i " " -1" ^. i ,
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Table 4.3 L:nd classification spccifications - tcncral'

Land charactcristics Class 1 - Arablc Class 2 - Arable Oass 3 - Arable

Soils

Tcxture

Depth:
to sand, gravcl, or cobble

to shale, raw soil from shale
or similar matcrial (6" Icss
in cach instance to rock and
similar material).
to penetrablc lime zone

Alkalioiry

Salinitv

3fl plus - good frec working soil
of hne saody loam or finer; or
42, of sandy loam.

60" plus; or 54" with minimum
of 6" of gravcl overlying
impervious matcrial or sandy
loam throughout.
18' with 60" penerrablc.
pH less than 9.0 unless soil is
calcarcous, total salts arc low
and evidence of black alkali is
abscnt.
Total salts not to cxclcd 0.270.
May be higher in open
pcrmeable soils and undcr good
drainate cooditions.

24" plus - good frec working soil
of fine sa[dy loam or 6ncr;
30-36' of sandy loam to loamy
sand.
48" plus; or 42" with minimum
of 6' of gravcl ovcrlying
impervious matcrial or loamy
sand throughout.
14" with 48" penetrable.
pH 9.0 or less, unless soil is
calcareous, total salts arc low
and evidencc ot black alkali is
absent.
Total salti not to excecd0.570.
May bc higher in open
permeable soils and undcr good
drainage conditions.

18" plus - good free working
soil of 6ne sandy loam or fincr;
or 24-3d of coarscr-texturcd
soil.
42" plus; or 36" with minimum
of 6" of gravcl overlying
funpervious matcrial or loamy
sand throughout.
10 with 36" penctrable.
pH 9.0 or lcss, unless soil is
calcarcous, total salts arc low
and evidence of black alkali is
abscnt.
Total salts not to exceed 0.596
. May be highcr in opcn
permeablc soils and undcr good
drainagc conditions.

Saody loam to friable clay loam Loamy sand to very permeable Loamy sand to pcrmcablc clay
clay

Topography

Slopes Smooth slopes up ro 4Vo in

gcncral gradicnr irl rcasooably
largc sizc bodics sloping in thc
samc plane.

Smooth slopcs up to 87o in
general gradient in rcasonably
large sized bodies sloping ir thc
same planc; or roughcr slopcs
which are less than 47o in
gc[qral gradicnt.

Smooth slopes u9 to l2Vo in
gcncral gradient in rcasonably
largc sized bodics sloping io rhe
samc planc; or rough€r slop€s
which are lcss than 67a in
gcncral gradient.



Tablc 4.3 Continued

Land charactcristics Class 1 - Arable Class 2 - Arable Class 3 - Arablc

Topography

Surface

Cover (loosc rocks and
vegetation)

Evcn enough to require only
small amount of levelling aod
no heavy grading.

Insumcient to modify
productivity or cultuml
practices, or clearing cost small-

Modcrate grading rcquired but
in amounts found fcasible at
rcasonable cost irl comparable
irrigated areas.
Sufficient to reduce productivity
and intcrferc with cultural
practices. Clearing requircd but
at modcrate cost.

Heavy and cxpcnsive grading
rcquircd in spots but in
amounts found feasible in
comparable irrigated areas.
Prcsent in sufficient amoults to
require expcnsivc but feasible
clearing.

Drainage

Soil and topography Soil and topographic conditions
such that no spccifrc tarm
drainag€ rcquircment is
andcipatcd.

Soil and topotraphic conditions
such that some farm drainagc
will probably be requircd by
with reclamatioo by ani6cial
neans appcaring feasible at
rcasonable cost.

Soil and topographic cooditions
such that significanl farm
drainage will probably be
requircd but with reclamation
by anificial means appearing
cxpensivc but fcasiblc.

Class 4 - Limit'ed arablc

Includcs lauds havirg excessivc dcficicncies and rcstrictcd urility bu! which spccial ecooomic and cDgincering studics have shown to
be irrigable.

Class 5 - Non-arablc

Includcs lands which will rcquirc additional economic and cngineering studies to detcrminc their irrigability and lards classified as
tcmporarily non-productive pendinB constmction of corrective work and rcclamation.

Class 6 - Non-arable

Includcs la[ds which do not meet the minimum rcquiremcnts of thc next highcr class mapped in a panicular survey and smal[ arcas
of arablc land lying withir larger bodics of non-arable land.

'From Unired States Dcpartment ofthc Interior, Bureau of Reclamation. Manuol, Yol. V , Ini$ted Land Usc,Pa*2, Land
Clossification, !953.
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tuor'rr'I.:vl 5.1

Table5.'l W:ter supply data needed at difterent project phases (after Doorenbos and Pruitt)

Ph,rse Data application Data required

Reconnaissance

Project identilication

Feasibility study

present hydrologic budget; identilication of

irrigable areas;

location of project; selection of irrigable areas,

project size, preliminary determination oi main

work; predicted water demand; predicted

f uture hydrological budget;

determination of proiect size; alternative

proposals Ior water supply facilities and

system system; hydraulic criteria; selection of

cropping patternsj optimization of scheme

water distribution; sizing and costing of main

engineering work; phasing of project

development;

Average seasonal

water supply

Seasonal supply oI

main crops

Monthly or l Gday

total supply
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Phase Data application Data required

Detailed project

design

Prolect

implementation

Ploiect operation

iinal design of distribution system; net work

and hydraulic structure; detailed cropping

panern; detail delivery schedules; irrigalion

methods and praclices;

review of scheme water scheduling; check

on crop water nseds; evaluation of water

application methods; water use ef{iciency

studies;

monitoring of field water balances;detailed

operation scheduling; training of {armers in

water application and scheduling;

5 - to 10day peak

supply

5 - to l Gday peak

supply

water budget in

farmer's field

5.5 ncrrtoiornrtldrir{o{fin (Evapotranspiration)

ncrlfiolnrelirlrloln'n {evapotranspiration G2 consumptive use) ux1!1fi.:

^ x io . x c hh L t ):itrltuu'r'nllt0lo{ nlr !{ lun'r?nluulunyln:J t,t LuLtnnlo.:nufln ml] .tR,l'rrJluyr?3Lyru
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nrrufro.rnrr1{rlia.r,fi,fi1r.11?ny:1nlrultdunlsa6 uiu Soit

measurement, Lysimeters and tanks, mass transfer method, rnfrared radiometry,

methods, energy balance method, combination methods, empirical formulae,

evaporation
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t - , ),a v

tvltiun!R'yl tnl1n emprrrcal tormulae ltnin'lrA1UlruU1R1 Crop Coelticrent l,ljtnn,lU

n1 rd1 u2 ruul i1 a cr r eio.r nr lirr o r f i t
.i""!

rfron'urilu.lruoonuuu dru'lr,rr!iardrucruulrilRoltrfio.:nr?urnD{n-t

Ioal{ rrnpiricat formulae ttnJ Pan evaporation 6.ri6d"r ndrorfluiGnr:rJrvtiurir Potential

) ^i;- ! -
evapotranspiration r.:qJtnnlut:JolJnc']1rtutltu.ll'l061ur"IJ luflt Lfl nn0at']n1

mr)islure

chamber
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2 1.00 1.10 0.4 0.5 0.1 0.7 0.7

1 .15 1.15 1.10 1.0 1 0 0.1 0.7

4 1 .11 1.17 0.90 0,9 0.9 0.7

5 1.17 1.00

0.7

u.t

0.76 I 00

1 0.7

I 0.1

I 0.7

10 0.7

11 0.7
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R = Grrrurlra]uraduflsrdou tlunrnifirir operation stucry '[u

?ou 1 fl ncrl{ R = 75 Vo Probability Monthty Rainfatt)

oU1{ trnnl1]2f n'lrll?Jt ulJr}J1tur.l1t tin1rxl,lfl1r.]af unn0i1{rlut L't.r,if

- ,) , J. -:.lrvriuqrnnrrinnllil6Buuiln.!a.rlrriuluAu r,lnydlul]rynorllo.lfi,Jolnridl {\/valer

Batance) uny:.rt.ti6:lmfiucrnnrnndro.r:.1?rrrurirdufinn rLra:Jrvvrru ua;rliurrunrr

ttu'tuo,ivrt

drufufitli n?yyrr.r.:rnunflolnui3our3nr tusoa) ldunnrorrrnrr
) .i r.nrucruurrlulinrr'lilunrrrfr s.+ B.rldqrnnrrirnryrinfi6ririluunvdrurrunroati:ro.r

J.-.jt)"".!,aL
nl1rJ{UIUOU [nUS{rlJr]'rl LUlrUvvrn.: rla1vlqy00.: Luul[nvrtUu ou lurlnr"]nd1r1r'nrnu

{r1i'td zs r*r. uririrdurfiurlrtildrir.rqrnfiqvoio.:d'rqrurJirufirrnr:ndo4ofirrqcurtr
aaf,
6nfrufr.r riruiu'iuilrvrrrtlvrrtillilfintflnurq?.r{l 6rti.rn.:i{i6to.r uson tJvrnrlriou
.' v. , , j ir,- "-, .) . .3,
I.i 111 Lcl1tl1tOAUI Lrl !nnlng.iFll'ltJtr'! [1lf'];n1?'ltFlflltUl'li\OAt1{o1r'1.:u !rl?211t019111011

, i ," ,-q1nrl nllJtu tuY{q1r 1o.ltl

ntd rurrudu'l,{nlrdlufuu'r{ltirldr.rnleii i6fi uuyrirlosu?ti'nfi

il?nur Ec, (Engineenng consuttanr, tnct d.:Hlirntdnurdui{ntriruiuurflmlulnr,:nrr

n0r.hyvr'rufi1ilo.l n'rFrnviuoonLdu.trufloio{:lrJrvl6lvrs i{ouuvitirriti?urruilrlofir

nnonrnoulinl Hrnu 200 srr.l. Luuurllu u 11n1, Lnvr.:lrlJfl rrfln1u?x1rur.Julnfiflr'ron11

200 r.rrl. rlul{nlmvaoa{n1xdlu ri'.r rmollflufl i s.z

5.8. f3dfliifl1fin1ftrn tsvl1l|(lrrigationEfficiency)

1un r:d.lrLcr n urrti rrird rfr'rruro.rln:.:ntt:.l nrrano{d{r1rcufr { rrln.r

rll1vilqn lnvr{rtJri':1urantlnfitfl1x ?u1rudfioon.triu.vfintqr-rrdorlrdruuf,.thJ
, .r ,j ,,r," , .ra . a , ! J-.

otiTu,ldnr'ifl{hj'tdrrju nr:ic6rlunno.rlriond{i1 nrtirillurrrln.: tlnvnl uaoonLon
. 3i .r,r rl- eqtt n{ rfl'rv'uqnrijunu 1']u'1uu1r4rurds t:luufllJan Lug.ljlon rvftvlf nlvlllo{ tnt.lnltan

, )1, - , ! -).r.Jrvvrrufr.:iluricsrilur:loiriudro.lo'nrdrurvra'jr.uir4vrEfifio.r d'r1fifix (Nel water

Requiremerrt) rioGlrrurlrfi.rvladfio.:dlqrnri'r.:1u (cross water Application) ra'eurfluau
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n'lt1{?L-5. ! Averagc mon(hly cffcctive rainfall as rclated to ET(crop) and mcan monrhly rainfall (USDA, SCS 1969)r.!.t6

Monthly mcan
rainfall (mm)

12.5 25 37.5 50 62.5 75 87.5 100 112.5 125 137.5 150 162-5 l'ts 187.5 200

Aveiage morthiy effective rainfail'

Avcragc
monthly
ET (crop)
mm

25

50

75

100

r25

150

175

200

225

2s0

8

6

9

9

10

l0

1l

11

t2

12

lo

t7

i8

19

20

2L

2i

2'4

25

E

24

E

27

28

31

32

71

35

37

32

14

35

37

39

42

44

47

50

39

41

43

46

49

52

54

61

46

48

52

54

57

61

64

68

72

56

59

62

6
69

73

78

84

62

66

70

'14

18

Q'

87

92

69

'73

't6

E1

85

91

96

102

EO

E5

89

95

100

106

1t2

87

y2

97

103

109

115

tzl

94

98

104

111

117

724

t3z

100

107

112

118

125

132

140

il6

u9

L26

134

141

150

120

ln
t34

t42

150

158

133

141

150

159

t61

'Whcrc soil water storagc at timc of irrigation (d) is greater or smallcr (han 75 mm. the corrccrion factor to bc used is givcn in Tablc
5.6.

n1l1.lyl 5.5 Multiplicarion factors to rclatc monthly cffectivc rainfall
(obtaincd from Tablc 5.5) to net dcPth of aPplication (d)

d
(mm)

Factor d
(..)

Factor d
(mm)

Factor

10.00
12.50
15.00

18,75
20.00
22.50
25.00
n.50
30.00

0.620
0.6s0
0.6?6

o.no
0.728
0.749
0.'t'70
0.790
0.808

3r.25
32.50
35.00
37.50
40.00

0.818
0.E26
0.842
0.86C
0,876
0.905
0.930
0.947
0.963
0.9n

0
1

I
I
1

I
1

1

I
I

.990

.m0

.004

.c08

.an

.016

.020

.040

.060

.070

?0.00
75.m
80.00
85.C0
90.00
9s.m

100.00
45.00
50.00
55.00
60.00
65.00

125.00
1s0.00
175.00
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Losses do r-l?lrruirfi fi or 6 rg rd ut:Jludrr rfi urlr doud.r rtr:lrvqr{r'rlr td
1i ; - 3 ,i. a

uri ntqq rfrarirrflorqtnntrrvlrflqln c ruavnr?iiil"r (Evaporation and Seepage) 'lutir.r

.!
tnuul

- Y . , . ! A , . a !r
spillage no'u?rJ1ruu1tuo1.:rnlulvrqnrv!1'rfloon,.llu spillway lulaauflr

!-
Inflow 1n uny! r 'lruulrnutJaulRunn nn {Full Supply Level)

5.11.2 n1fri1 Reservoir Operation Study (ROS)

nl rA nltr n'r ?d'r rfr un1rfl o{ln r{ n1? iiG n'',rua rasrroulunr :vrr (Ros} o'.:

d {qr.r.o *rl^on1?ri'r Ros rirurlv,irlrynorr

1. Lrr5flx{o{nd1r.rfurir RoS

1.1 Average Average annual Discharge (m.3)

1.2-* Dead Storage (m.3)

1.3 Monthly rainfall, (mm) - Row 'l

1.4 Monthly evaporation and seepage (mm) - Row 2

1.5 Monthly inflow (m.3) - row4

1 .6 Requirement lor rice {m.3/rai) - Row 10

1.7 Requirement for upJand crop (m.3/rai) - Row 11

1 .8 Roquirement for water supply (m.3) - Row 14

1 .9 Requirement for factory (m.3) - Row 15

1.10 Area-Capacity curvs

2. nrrdlurmdouldufi',n',lr,..lqn

'lunrrdrurnrurfi ufi urrrr.Jq ntidr rfi unmnrrriunoud'.rfi

2. 1 riru'r ruurLl?u 1 rurir rn'olfi1unmfi rurluvr'ufr Int r nmluuri

nyrdou lou'l{Fir Row t0 qrudordudrJqn{rc {trr a)

fr ufi tnrJrvvrruldtr n6 n r AAD - DS - (Row 14) - Row 15)

(Row) 1o

tn.A = fruf,tn:lrvvl1unorfifl.r eo vo lngltvrrru ilj)

DS. = Dead Storage. (m.3)

A.A.D = Average Annual Discharge (m.3)

** Dead Srorage 6orlilr nrrortjrr rElrlrfifiorrfiot{druiunr:nnnvn?unnooB'rtl

nrr'l{.rru'rollnr.in1, Lr6v:.lriqdlrlr#o orttet nvqrirvruolifit:d'uficrltro.: Dead sitorage
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6.2 ArudxfiAxo.rf,ufi ua0odrl 1

6.2.1 fiuo-afi (tgneous Rock)

ddi;. v .r,{ 6 ;. -:Jnnuuo nu!r.ly|lfl un.ln']u tfl rljnantonrrnvylrtluFtzuanr,!JnnnlEtnr{u

run:frot uvtonoi uoufiltoi lrlolari firrflufiufio {Fresh Rocks) qvrflufrufiinotruilur.rql

urn tore rods udecyq.! n.jrnounin Lui nclr $fi .i rr.:aorfi ud'niin ya n a,rtilfi r rfl ufi uri ou
- .,i ,- .ia J - t -{rr4u3ori1ufiufioqju?rcruuJ6onlonfrfrnlrLn6ourTolrn i.:rilul.rnrir'lfirio Cracks, Jonts

ltay Fractures rflu,irururrn oyiunctqynir.rrdouGrrrudrflufiunnttnyflfl'rslrJudnrals.!
- rq "-i:Jttrlruvrtllu l-racture lone yt.tullt?'lJuan11nqyxn11l.lu:t.!ur.iu?gn.! utt,rurogunnu.iLrJu
, ..,3 ^{ , :.- -i -no{yr'r.tyr'r Lru'r.xNr.i'ru 10.:'lu yrl !u0nr1nl?t'lt {{ n1filfl{L uoi rflo:lRrourrfln {Grou0 fl1^

qvnavir'[driurr.reiou unvfio.r1drir1{iroq.ru?rcrufruri'niir4r{rrf,o.rnrnnc'ruiou

(Thermal Decomposition) rflu6nu?rcrur,li.:finqrvdn16fl{ rY.rdurrvrv'lor{arhd'rrfluui
, )" - - i, ) zn

ulynaumdlnrulo.iuuonucv6nlflnlrdlu tuurlu {{o0ullnv6n1flfrl Ln.ilgt!0Qn 1lua
t . - " ".- ), - !

1U n',ll tllt.t t"r.11o.:uuonu!tLztuuqJann.:u1ni1rlluno.: tnt uvlna6t'1.: s{zuno{uLyrr.J

. he
':uqYno{l000n turJlnvlfi ftthl qvwt !6

- - -rf
uuo nurtnnc'rnn1 guorluon ctnnHu ltoun ltrn uroutronn loulinr]cv

,ir
,Jnl1lllllt.l[tr.: nounl{{.i unxnLtlulllnr:.,t J0ints [Lni Fractures fln0oquNn11NlrluRoul1.i

f - -Y v ) - ^ '-;j. -(.!,.tr urJnclnnl?ruufl 10tl'l.t?2nt1llto{a1r1 o.:uunltfi flnllouu?rlruuuonufl rgun?

uo nirlnnfi rinqvfi :1rgrarrfi ucrirnreir6urio.rrir4.r rrmdnurlinv16sn

6.2.2 fiuurlt (Metamorphic Rocks)

fruu:lttoflfi'c 1 l:Jn;lrjiuuonrrr6e.:d'r?olui (Fotiatton) unvrflufiudfi

n2lrJui{tt?{{.: fiuu:.]:iuaruiru.lnfrzflfiurdu ouanzito, Marble tlav Gneiss tflufiu

'ia " i ., - i , 'jouartzite tiluuutl'll:Ylxn21xuI.,l tlt.irJln 4rMtlrlVllluuuvltujlttlffgulJl

c'rnfiuvrrls 1ut'uounrru'!l deunnrnfiuvlrrfllflu ouartzire tiu rfinrtrsdrfiziau

rvnou:ro.:i6nr (Sio2) nvrfinnrnnl?mnrr6nlrniuoor.rd'c{:.rfi'uurju i6 nruonqrnrvui.r
Y " a , tr,

rL?.:Bd,rri.:vtuvrluriotuounrrq{rr4'run1flfics 4':rurr;odrlErdruirl{rflugrunn

Marote {fi utiou) rfl ufi uu:le6nt ioufu fi lrir.r'n'r rr?u.: oI,uo.: ud un vfi n.}'rtJ

rufi.rur.rriouirrql usiLirur.nvdruful{rflugrurrnd'rriouxlnfn rflflvfiudouil?rnou,"hsl
. ,f, !,-) La !
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.!i -- - -)n1uno6?'r.:r:r0uouNntl!6lnculr1n noucvraannu6lurunrncLlol]ci

Flo.ru']fl10g1.l nuc1nltun.:olutJ1yr']n1fl rnfl3 u1nrufi]JUn10.:ou tunyrogn16gnou n'lr')
. i -rirnflJun,l0u't.rouyll tfl 2 16no LicfitE{Lnflltnyd].rr.r6ncr.rra I{2f,u1vn0.,to't6ulltyfiL n'rfru

rnrnir "i1u1rytl1nrflufi!flu L tl1Jri'r1ri1r.!1unir.:rdoufiuturo16nir:d'urfiuri'nrl'rh4r
a-.f .< ..".ilnun n,tuon,r6uu{nR0 u'tnufleau1.r !:llrntlvlr tuuo.trrra0.: tner lttn?o.rrJorl'1r?u,)

1." i , )
tFlrlYl.llrlOtUntllJrllO{AUtnULAflly 1n l,UlJOvlttUUOUtlnYQnnO{ lUrJlvAlUru'l1U6r'1.! tl0U

lu1nlurU

tllr'r.r 5.1 rflunrrdr uun6ulnai6 UnitleA soil classification system 6.:rflui6

vrugu txnuoul.:nc1.ut?1.r Lrtrrgntt6n.inruflr]unlro.i nuiutlnln I [,] t rn0n t{nlrrFrl'1rJ

tul.t1i61l

RocKill and Riprap
. ; -- i - ia-nlrar.:rl0uIfluLiuLn (Rockfill) r'uunurlr0uuEJ!dl1.lLulJ lrun!uu

4tururrn u6olriarrrenurfrufrr'rualffiu,lr1v6l'luu3r?rulndGe.rrrnilurronlflu6'u
i ,," a. . I -nou ra urn ruylo{nuNirunnrnlf,ur.ln1u']uhifi11]'rrnvirnrrunri'nduld rlrurTn:ralfiufror
-f, .".) t Ld'criaurirtirTouincufunr (stable) 6.: lnvlrifi:Jrgr.rrrfirlflu uplift pressure urifi'Jruu'l

, Yr , ,r ,rry'[ur6o.rntirirta.:ri, 6.:'lunrroonuuu:in'Hunuriourflu6uooruuu uln lur rr]

{lmpervious Zone) u?onrofrorjrn1nn1nufi11o.t6'uriaudruitl4firirirairulillfi (Membrane)

lua fu rlrn 1 fi ufi'l{nr d'c rioul-nn:l{fi ufi fi 4 run 1fl {{ fi aelrr ud{ ui.: Lln r

nurrurionnrndufllolnlfi rrri'lurJqcfurrninlunrrurra"rrrircuririulrn 61xr?ncri'r

fiufi fi qrunrnrir uiu sandstone r.rrnurdould laul{rf, u Random Zone i.:oqjnro'ludrriiou
1^,e v v . Y. .ilri{lfinrirornrn usourlosn:l Llflnru?u lone yrRlfluonnrrrflufiufifinrunud ui.:tta.r

,l ,:
vludonltdnndou r orqrnnrtr duutalolnlfl du rrnyurrneyyura.lnau

- .i" -uonqrnfr ufr '[flun1?n!oi'lriou udrlunrrfi fi n]rrrfl uriouhufi tT.rfi nrrrdr

rfludor'ldfiufrr (Riprap) rfio:]orriunrrrinrtrynrnor6.ua.!Fr'uriou (Stope Protecrion) lflo{!1

d - -l--LUnUvtrnuruuut
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qrnrSrilu Lrnv[r{n?Jtrrnrolnduoo ux ntvrr,rnrorirfinnnrr,rcln spi way uaylfriitrfir

noncrlrirrlolrir (energyiissipating) tfiohitirinnl:rinrtr:rr{drui'redr

frufr.r {riprap) rrorqyrflufruiilnotrui.ru:'rytuyrruriour.rn:y+un1d6'irjnoa

"!- .i
lnuuyrl'tnn'i1rj rtu shall l'tny siltsrone

Concrete Aggregate

-r c-l .-. --)nouriSnLilufi.:,ilriludruiurrurienirld'rul-ou olnlr rynouttay,a1n1,

-.L , f, t
n1.r '] nounrncvxnrufiNuFryruyrlu unJf,'rtJ't?n li{lu lnulurllrj.i [n u d?uuu.lcyluofJ
, -. )c f - .i ," i
nuc6Ex l,trJfi!nountn (Aggregare) L0l'tn i'ruuulmont.ln ,{r u enyl s{1J0fJ Luluo

nountoNlnn{ ?vu'tfu 80 l,1joflxu0i

- ).e
{nqfr1{arnlnoun?nnT roqj'[uu3rrrulndrfi r.r cyfi r'lfifl nrFirrioair.rqnn.r

.14'.1,
61r?URrUn1fl10.i1rln r.r(lt c1L:JuFro.l nfltlfiou4 runtuna1{ 'l t rnJrorirtnouul Lll L.I.l1u

- 1)- ,"'-i
nuf, !]l0t10!ldo drnounf fl vrnftfll tan.iu

1. Srrongth finrru rrfi.: rrr.:6.rn.jraoun3or 61rJ1?ni'L Lr:.: n FlunyufnnrJLlvrn

h!d rr !4 , h!.
Lno Lxdnn?outpr{1u n'}:Ytn60uftl'tlJvtuvlluFlonltr{nntou10.:1ru 61u1rnytfifio:J toE L{

rn?o.rr.r'otf,nrir.: 1 tdu Los Angeles Abrasion Test.

z . Workabilrrv nelr.J6l rJlrnluntrir.rrulddro.r nrounlor nruo q,j iiupJdrr

rurn uaydrunn: (Gradarion) 1ro.!i6orJ6il frr1din qruarfii:rurorrnvgr.Jdr.rlrirutr'rJt( N ;o
. !" - j i" ,"..,,*(lunnYtro cJvll !u'ln{ Htrwucr [nvu1 Luo0r?1r{luvr{.i 1110 tlr611]']rnr1.:1u tn yl1l1r6u

r no{ uaJolcvrl Lunln.ilo':n0unrn6 on.i

3. Conraminating subsrance iaqlnrnouninnyfia{rlracrnd.!14orluuio6.:
.i-

6nil?nri1.: 1 firflunrru4hirirdrto.rasun?nnorn.: uiu u.J6onr.ros drufiu rnur.r{rvi}or.au
) ; a . ,!t! nu Lnnu l.lu ,.J.invroflnlroJ0u 'l n{ lrouutlrnluqtvll lynounrnannln{ unvr.]01t1'r1t

'[fr.rrudun.ir:lnfr

4. Soundness fin,l

tl a{1]tNlFr, lrtounnaa']u L0'!1u

ott n1n

'rNaqn2vluvrlun0f, n1111o'inuv,{101n1fl [NNn1?r1..]6luu

)v-.{n
LNOqnnllN t0U OlllJUU'r1l,'JyLrnynll1.l rugn"dUnlX

5. chemical Suitabitiry iaqarnrnouninrvrio.rlririlJfrffierrnrfiri'lrlu
. : .1 .,,srxu0i .JfiEir6lr tuu1.:vr€.inucyrJfi'r?u1.rxuo 6r]r aul Lllr.J6lJnounrncirn6!nn?ul rnu

nurrl{ tu:Ju.I LlJuEl vn Lurnnn'l?1u1flfl.1 vl'r r. aountnl'Lmnmc
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Uild 7
A

nlrfr e'lrrulr6onliouunrolaltrlrsnau

1.1 irrir
- i - ) - f .j..,

r! unl lgl nylq vn ")lrunn.: Ltl 11, uut n,t 1nltqJ6t1.t tr/ounurr to!lt u llu{ylr.J

nr'nJlulJlrnluar:.Jrvurirrfi4oa.ruu site fir6an1{ flnr{uu1{nrrfi uSourrrwhrviliufi{ir'

ilrvnunrrniunyaru.irurrpcvuonld.jrnrrrflutfinlo Iouli'2hlntr6an nmoonuuu uny

- .i " 3 , i- , - ,, ,{r. r,
nlrllrYuJu?1n1n1r,uou lur,uo.:oru cJflc']rru1taa nqlnunlg '1 tun ryt'rytRa2l rIu t tntln?

- ! f, . i .i'a vqFrau lqroontuovrru,]'li61]yrt1o trtfly{qlrEulq'tn 
',lFn 

LilqlE [dvo.inu8vnouou J I tnc']n

-i'n1rfl nvtullatn rrnyelnnl, tun'rurntrtullto{nunyl1nn1? l a1u,nrrln?.:.Jfl2n ?yru R.ilx

'irurq;unvrJr;aunrrni'luriruo.rrdscflunrerfi onorar:r.lrrnoufi drnryfi4rlfluqyfio.r
-; ^ )"--) Y

flClrrultn0nXUOyllUlJ'lJ61lllnVn'] 'l?nn0nt1.iA.:UUJ'lUflnUrt']ru m.:rl2t lOuuu

'lur,rnrsuli{firirrioah.:orarerslrs1:rdu rrqruru:Jrnnno'r Ltav

:lrgurnmliuriroonrvu.iN.i'ruriafiSrr incudrd'rgriontl6ontfrororriau luarusfiur.r

- i t ,- ) a i - I " - .i" - )
tlu{n1?taon{un[n0u1u0flnu tlr{.:1u troilnr0.rNo r.:tlju6.:61Rryylna{rq1?rulurorruJ

i-- - )
nnlrfluri',rrilrruo uonq1niiti.ifio.in1rn11 6yo1oro.:rfiuvrr.rficvri"rtlfi'r.rruti.rarc rilurh

),
n1uunxunl0.t Llounrlfl

.{-i-i.ri.
n1 t!do nx n rioufr 6 uov rur rvtq:.rfi 4 or'luurin vur,i.l (site) qvfro{fr qmrurlo e

i - id
aJrofl n n.!nnl' 3toyr1ylQ'u,louunnvnu0,{!n21!tlrJfl u6n'uqrufl NUnytl{n1fl n1111r0.1

"-'site uovnlrd'nLl o{lf[i{1u1dn1!inqil:;nrriuiolrTlrlrvr,lrin :lnonrirl unvrur.Jlsfi'l]io

11nOoU l nlrnnfiU lCrnonn?.iqflI'tgt!n?yynyn{c1nyl Lofi q1rruln{fi.rn1,t I 1116'rultlu

:.N," , )
n:ro-eordoloufc}ludrrnrrionir.lcyrfluuylnrnofdr6'ryrJtvnmufi.r1un1?fi'oauh

)7.2 n16q1BUn1rj6lo{tio!(Classificationoftypes}
i , t ,-
HOUAlcLrl]{OOnrUU'trUn,l1{'i LnyOIUUIJU lrUOqnul0rl.1LN1a?O.rn'tflru.:

," a!)
ruojlufifirfionrrrf,ynrn'[un1?frc1:rur qvuj.:oanrflu s rJrvurvr'lraqj 6o nirnudruruv

no.rn1r1{{1u (use) nlmonuuumrlrnrlrfiori lHydraulic design) unrinqd'lirionirl

(Materials)
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1 n:truul{drvmiao1x-dolilusmrld$r
.,i , - .) ; ). ),.
[10u01qtlL{oonnltlnnltruJn1, Li'l1u ytauulyrl]o.1r1Jouyrfi ?'r.rluto 3

r d .i . -i .^ d' '! -ilryrnvr 6o rioulfiurYnrlr (Storage oam) riouyraur (Diversion dam) unyrfioun-nrir (De:ention

dam)

) a v 3 '
riou!fr rirTndl (Storage dam) 6a riaufr nir.:iurfi orfiurinrjrluixnnlfi i

u'lx'lnrnun2l Fro.rnlr tl tt Lute.: [?n']]1?1nInnuu't x1.: tc0'llltJu1xlnrnunl1 mo.il].Duu

olccslflud?.!r]nnm ric.rnnrud.lfl u?orir{rrnt,larsflfild niu dou,filrr]rtrlor'6n qvrfiu

u1 tu{,r.!qq'.lu Ll tt turio[a.:1ro.r rrnnJ l'lay[Iou1]u1rl turyeylnuuly]{u]J 0 L,t r11o l.tr.t'ruFlo

) r '- , ; a | -rils.roraool:lrilufiu riaurfiu-rjrti.ro1eLr.:oannlxdnuruJlnilrva.rriio.inllfiul:1 r:iu
j q,r. -X ) , J " ! ii ,
tflou t111,111\n.iu1 Llouna rJvnu rlrDurn].ul rlronlt tJ]l1 uluflu

a ! _ - i f " ..i.i Y.,a - t
tnOUylOtll Diversion dam) L:lUtl0Uyln?'].:1ll'l.lvl1{vlll'[0ylrlU1 tU]lr:,rlll4.l1lU

ttnY [untl1nno{ uronfl{u1 Lu tu0r1r1 111fl.!1aflno.: nlr liul 6r'r.i1rurlIo txfi1urun1ffia
, :j ),

:lryvru rfi onrnl:y:.lr uayrfi olfflulr{.i1Lqnfi1unrrrl

rdarr n-nrir (Detenrion dam) 6o rioufi n ir.riurfi ot vaoll?e rTnrlrl4ilut cuvfi

rfrrniruo':lrilfirfrno,uorrrflclncfloxnriu vn.rdruvireilrriourTndruilroonrflu 2 rvLnvr

' - . - ! , '^.1, )ae.nl 2nn rvn{n10.:n'tf tn.!1u ljrrmvllltn Rotnunnulul.tdlu l,]nonr11 lruvvrrJullJ'ln un?

;" "" . .1 .{
riotr 1 *ur ufi l1:J1r.mrzud.: lud'or rrfr dtir drufi 1Ba1N1 rniLlfi uncd n rv Lnvluilr fr do rln
z"^- ) . ,, ".1rirlilfiurufinn udorjdoslfiilrluafilr{rtllufl.: r.riolllnirrirlillufru rfiolfilrvd':rirtd
-.J -! ",- li -x- .2
nu rlouxuttu!'t.int{ L?9n11 waterspreading dam yro dike u0nclnurnounnulfln0n6?-].:1ru

rfia'l{d'nmynou (trap Sediment) 6.:6sn,jr Debris dams

z. nlEllriqmxmroanuuulrNaodrdE6 {Hydraulicdesign)

n']rnri'tlhrLnr r!'ounlrn'n'uruvn'l?aon rtrlt.tvrln{afl rnnf rnhldrfl rr

2 tvrnyr 6o Overflow ttnv non-Overflow dams

overf tow d a m s 6o rioufi oo ntirlrllln{rr frurdouoo ntjvrr.r dru'fi r u;r
(urioufir}iorrllirirlua{rul:Jfuqvfio.lrioair.idcsinnfiuirur': ri6rvruoionl?florttrv triu

nountm nu tlnvtunn t]luFtu
a i ; ). z ,',""3r j -)

Non-Overf low dams no tllouvloonuutfl otnuu1 rtfl trJ tuul Lunl1tJtllt1iou
) -3 ! - ,J -:LdautUnUdMrnLnon t{ahn Lunlrnodil.t Ltlunifl xuo Ltu r'itounu t'trouuuvl.t t]lunu
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.)
n1rfii1.t LTouu'].: rl1i.io1cnyoon$uui'.lHJ'L Overflow $ny Non Overflow oqjlu

.,i . y chr , - -J , i ""2"t?outofl2nun tn Ltu oonttuuL1]un,rrlounounrn Lufi1uyrflo! luu1LunlllJnon n)ttouau
., i,., ".! y,'[ud 

r.: fr 1rifl o r'1fi rirlr,rn irrldri]ufi u

3. n1ruil.ln1ili(qriodix (tvlaterials)

JJ
c0nlrttu.lturrto.l[nou Lll0qn]l?yfi .in Lun1rfi q1t 1c6n1?oonLtuui-lg rt J.l

mlrJadAvr L'i [un1trioAfl.:rtu Earthfill, Rockfill, Concrete gravity, Concrete arch,concrete buttress

9!91^l
Ltny Iimber dams. tLunu tuytusvnnlltonltLlloultu't ntn nylugLlfitl{nuwl L:l

t.s o{dilrcnauflr.rnrsarildfi6rGfinionlr16onliardau

o.rri rvno!vr'r{n1fln1fl {physical iacrors) ro.tuSrlrudrionh.rfiuvrurvrdrd'ry

runl?nluuntuo LLninnuuvlro{Dl'e 16ou rrnvornrnJrynou frrr,lrrvnrfi1N1?n fi1n1?rio

ar1{ tnain?n t!.!ru rnfllNonn:..1?Jn.td inm}rilnanfia unyil:vr.rtTprrirl{ira uvlnrnaifi
:

fi1nru ttaYc1L Uno.:flnu1tr,6Jylc'trrulnoun nf,l] !qtaon nno

1. anrnqirlrvrvrrl fiopography)

nnrn4fr ilmvrrtnvrfl ud.rurnduonldodrlnir.r 1 lunrt6ontilnro.rrdouvr'

rurJlvf,rJ u3rrrurirrirunu 1 frlr.rndruqurtrq.r uavri'.rao.:iklo{fl4.!rfluiu 6nrnu,ilur.r
J ./ - ? ! i,

n1?tnone{?1.i r,1roun0unrnnuoil1lilattr (concrete Overflow dam) 'luuircrufrufrriou{rlr:l
X . 'l ,. * Jfrio.:urn6r.: uovlridnrrnrin n,r?n5'r{riuLioununN (Eanhrill dam) unJoonuuurioa}r.:

Spittway uunrirrtJrflununyriouriud''rrdou dT uiunntr4fi:Jrvmadoqiayu.jr.l. antrdnrirc
,;tJ'r n?dic'rrru16{ LMnroroi6urlrvnou Inef o6ouonnmrryrrv6roiof,nryinrrr!"rAunJ

nm nondsrilurnrud'lunraoTnfiu'lqdruu wol spittway rflufirdrd'ry6n:Jrvnrrufirfinvqn

druunlounnrnao.:4irJrvrmrarluriousyfi'n6u'lc16ond'crarounrrqvfiqrrrur6.: ncrlruuts

arlunmnir.: Spittway :J:vnortJdouraro

2. dIt'rlrfirnjarutllaiJflJfm(GeologyandfoundationCondition)
! ,-- i:. -, )

6n1fl lO.tilut'tnnuoqn!nnBruJvl't{6rru?vru1 un3n01!uu1lro.rruuu r.!

rFrnou0r,r troyrogtrnnfl,uro{{ulru nu6!]l9l10.iq1uflnqytLjunlnl unnuolJo.lrltou
.t ". "-iou1.i Lrnn'r loq'rnnn1.i 'l run1u61111rn ?u:.j?.: l'ln LI Llrrlrx'ryfir lFr yl.:uqYn0{n1unn.l

;. " ,3ncrrql:ro.r fi'rrirufifio{nrrdcfl 6n'rfilto'r5'ruflntfiorir.: 1 arrrrnu loon'ldri'rr,a}Jfr
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j1u?1nfiufiu (Solid Hock foundations) rflusruflnfrfian11lni1l]!!5{[r.tq{
. - ! y\), ,La t"a - l ,.t

fi1,Jl?ntUU1l.run LflN1n 
'rn11lJytul11unon1trlnn?ou 

l,tayt')xx lnrl S1utlntUnu tJFt?'trl

-a4-iL.Lr,r:r'rv6r.lriurAourfioulntfia uv'ln uroirirr{'rglun1rfic'rrru'l160nrfinn-ouiuoEjriunlr16on
"- -t. . - ,- ^ ) - J

26r1 16n1?nB?{11n LtnyFtl Lnl1flyl.t1r rlsyrJr0qln00fliJ1.l Lurro{ n1rn14o rdRuu11trr,]n rrfln

-.! x , ; :.-
Lrav,Jyr{oon l! unvnl?o oanuluu5 r ufltitl LlJ LutEutrFrnfl.Jl0.t,tu L oqo?r,t1lo{nun1? tun

fl lUnO{UIFlOOO rLUl6Url0U

I1ur1nrfl un?co {Gravel foundations) firurnrfl un:cadd'ofi'criuurirr fi aru
, ) - f - f -r J .i-

t1,{1llJfiufi1u?lt6r't.t rljoununl.l tl0ulru0tJ unyL1l0uFtountn n1 ,lutlny['llunf.ln ncy}J

- Jt ! , i
flryurnreir6:.r:ro.rrirrirugru:rn'luoinnq.rn:do-rryforryi.r uoyy1i6Llfi1flil5:lJEtrfioav

nFrnuut?annlttc{ Luuoga.t

Jlutlnrflurt'tutrnraunrnou (Sand and silt loundations) Jluflntfrni
! aJ i

6'tlJltn Lta:n.i rlrounountnnl ltnvLlJounun ln n100nLLU1r turu].1'lJdu rLn L].r Ll,t]J 1Y f,11,t tu

airlnrioufrunr rlryr.rrzird'ryfi60 n1?yrlnfirolslu?1n nlrio{fi'u;rluaaonldrdou firt
4ry16lrirnrnnr:irir4.r rn y'rlruu1n1?flo.iriuntriorrrvu?rlrufi1s r1-ourilo.rs1r nltiriN

{ptping)

SluAurufluc (Clay foundations) n1!'t?n'ldriaail.lriou6unllduridalinrr

:Jfu:Jpgrurrnti6rflufirrtu flryr.rrrirn11fi6on1il?nd'?tol51utrn rfio{qrnhuruiluclri
i . .rr,r^, " ) t )

Ltuuflo LrnJ n,t't nu6.ilFtul],t LIJ Ll.JtlrlJ"lyf,lJ611r?1t611': Llounoun?m unYr1]ouuuntJ
!r, .

{1ut1n I uuuou (Nonuniform loundations) 6r11{no.if']ufln l tLuuou o'lc

- 1"^ . ; i - i -; ,

cvrhniulA"Lufio{frrrr urj.r trfintrtorgrurlnlritflusfinloxiouil.i ri'{frnrirqurfr.r fiu

6n1 {'ru?l nalqrfludnuruvar1lr;r,ll"ir.: fruunvDutiaurir.r uavfinmr.rdrrflufio'rrirnrrris.ir
- ) i" - . f,a

zlr'r.:110u nu6n11\{lurlntxuuq'rL1luoro.!oonLruurllufirfl:16lvru Lr,naJlll,hl tnfl1fllnrv]x

n111.]?LtAvnl1rXlu1n l

a fuqriaai:l (Materrals available)

- ) -; ' irr,,-
260vr1Ju1ul ts lun'lrnod?'l.rqlrlouttnva1nlflJ?Ynou 'I.r tottn ou uu uai

-Ji-a6EHaNnountn 1.ln'l'1,.Jfl14rU flo:r'rttnontuulo.: tlou n1u1n2fi4vlr.loru6r.lurl LLovtl

A. ) I - c ea \e q,
Lltl]'ltur1rfl{v.{o luljfl,]ruvt6t't.lLI0u 1,1?0urL2 lnoInfl.t Lr] cvnnnllufi{n.i In:J1n vl1[u

Ll1ylrgon1no6i1{n?rflou tt{uunl trtil0clnaoell.loutln1 n1?tn0n'trunl0.ll10us:iI1J9fJn:J

- ; .ia
afitrrio651.rru1Ln Luuirlru Lnntafln rtu nl uun{uuttnJvttlg rx ntun1fl tlFtl?tnanfi?'l'!
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ll 1tlounountn nl Fruyr!Fllr.li11\o x.lolscJ Lnn1n onofifl.:ou unyfi1N1rnu1lJ't Lxnttuutl'l
) '^u - i . r - J iItoulo nae?6r1.r r1Jutlounul1lr1Juonq1nqy Hn0.:rfiitn1 L{t11fl Lun1tltufl']gnu 1nfluN1

ulyl.i[La1 B.tfi'tNltnu'ltJ'] Ltno6t1.l r]lu0t2Llou Laon t{ Iullrylutuyl.!6a.:n'tur u0t1.l ofl't.t L?

i , ,"., " I ) - tnn1l.,rcino{ q1r 1n.iF]'t l.!clu0u]ltvnotolg rlu Fll L{q1fl Lutto.! rFt?o{qntLnr0.iN0 rlr':
)w "e - .

.lluytrlo.t Lx r unu

4. nulnrlayfioi{ao{rr.::yurflrirdu{Spllt*aysrzeandlocation)
.,,i , Y;

olnlrty:J1u'rdurfl uornmdrd'ryrrnyir rfl udruft:n1?651{ riou :-ioeni{fr
A'- ! - ) -

'1ru1o rrnyvlFr.t110.t0ln1r?s'lJ1flu1nu r uLryintn0?61nry tunltra0n{ua1o.l rloun1fl8ontrufr
!. I .,,i" . .3.i.r-.

lro{o1nlmyu1flulnu Iuoqnulu1ola.: flood vtFro{ n1rfyu1u 1un,lo'tn1, tunlulyl flood

tu1o1u+j olnlrty!ru lcJrfluorrrr:radn uoyinlludln''rur.t'tnn,j1n1r160nnflor a.: r,4ou

,1nlri1rio6h.!yr1':ryu'lud16ulu1o1rrcli cyfidnrlr{ruFiouirrq.r rfio rfitL:r

. "- ! z - s-- - ) -nutlnlnl lnn'tu?r0{ Inr{n1?yr.ru! n Lun?rurnuua,r?r,)rJLo'ryr't.r?JU1uu16u tinunlLl0urlju
I .i-,f - i
fufi6fr4n uju nrrairrtfluriounoun?orrlrdu{1l (concrere overftow Dam) 6.:dcltouqvrir

v ) q Y - a L ! . r u ,t - - ) ai
llu1vr L1l uvr{ fi,) rl0un uul Lra y ru uyn.r tyulflu'16 u Lll Lun ? rr.J o}Ju1}J1n lrnyn 0.: nlrrJu1fl

otjr.:1rfinrr 1unr.:ilfr:jGntnirl overflow Concrete Spiltway lurioufrunluovfrunulriitLl
"-))--;-)-tvllnuLuo.lcl n0lclYxueuul rn lnLnlty€o Dt? Ll.t tyrlnul0.lnc tloulldyo1n1? un{q1nyl n13

tnuu'ttnl.tyl tta,)

. -.)-lunrfifi fi f tood fiouua;fio.r n'r?01n1?ryrlurirdururn 16n *aiJ' itlrJrvrf,

" - J - Z "- ; , A . . . ;
a'ru2u tu o1qnt1.t uJutnouou Ltl 6tl{a1R1?f yu1uu1 t,tuunn.:t.ln1fl rtouo'tu lo n lul,tu.l

, ) " .' t "" )" , ,. i v iuonneLl0u Logl0r'uuro.!u1?JU'ruulytnu'tuo1n1ta{{a'tu't6rrxnlnrt'lur1utltou lunrru
i - -; r i, I .r.rr -)un'DTr!1:ru126nv!lnC1nUOnO6r1.rUneg {.!0'rccJul t tlnrJn2rl0u lnytl tuljryuuenl tt
ql nn [t]

5. gJnnryyllJoioa.r uc rrdou (Environmental eflects)

'luricr z-e vl6.lrrJdr.iru!'r nrfrcrrcul nn?yyruoiod'lurndou iumurvr

zird'ryriontfrnr?ru'r16onfii1.lr,iou ldinrtoonn0urrTflf.!d'utfiflrrilfr.:rioair.rdorccvi
, J " Z , "; - - - :. , A

rJo n?3vr:Jnoa{ LL,lttaoN1u col].r1,r1]1unrylo 0{nurroyrnvlf,nln (.:t[1na0Ni{qi! 
'.rnntyylu-ai1'rnnioto.:riou xuln trny!i']LLu{.!1o.i spiltway llnyo1n1? rJnou6u 1 Har,r=vr:.Laa.l

IntrnrruSnornrroir.rl nrrflurTn{azirri'rglunr:riruuonfioro.i rdourny01n1rfirult1yd!
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7.4 rdouhunl (Earthfill Dam)
f - - J i- Jr., ) - i".,
r!oununrJrljurnouyluflx6fl.:nu[oflyl,] L'tl Luo.iq'tnanEx li6lu lurytilLllfiE

.id ,
vllJogfl1l.J6tllJ.Ilm MUn',rrn06r1.ln [l]q{a']n{u.I2u uayfi1rJ1?nfi11.1 [n!u51ur']ntnauln
- , tr! -,,v-4. -!)d h,lUn ru'r!fi rJofl 1.rfl .: 611m1J lt ruur [n:J nnulytu n,]1lJ{{ tx l nun

^A7.4.1 tiiaia{ttoudu ftype of earthtill dam)

tfiororrdou6uoruil.:oonldrflu s tfio lr,lqj 1 firuflu6a Hom,)9eneous,

Modified Homogenous llny zoned type td'.rfl z.r t nlrtdan"Ifioro{tiou6unrl a'uorjrituur.lei.r

- -l,rfln 1rto1u01r0.:ouylt111J1?ou1to ti.luf r.J nofir1{tlovfin1 10'r{1ut1nr u61nru n'l?rnonr4,

ltq.! n0.:fl c'tttu1 t1r r1rlJ1v6

(a) Homogeneous

(b) Moditied Homogeneous (c) Zoned

Homogeneous Type 6o raroufiunudnrri'ndcu6utfio16fl cd'ulflrrrhu'lr,lr!

lriovt.rltr] n ouru'r1.r'ruo0nrilunlrlouFlo{N4rufi!unvluulun{clnLnaFt l0flLtncn1olo.:

-l - i ) - I ! .i.l -nd.inurlouFiouf 1.:r'r:.i Ll\oIlo{ nun'rflr.:rJnlulo.l Frn{ Lu 1Yfi1ut1rurte 51u?lrvltllurlu
- ! -' i - ir 'vuriufruunvr urfrordflrflu frrl'tia5rlriaudufrlri6o.tnrrnmt0.:x1n uavl fil lrnulAu

- i -i ,t - ) ,^' - .i . ) - 2q"
{uo6uvl^1r.J1rnu1r.r'r L.ltullr!nonuanno.: ntrltou Lo ,ruvttvl.t1Y6}r6'ly?1rfir'1.1tI0u{'uau to

Lui au GC, CM unY SC

Modified Homogeneous type 6o n'ou6unlfi nil!ndndcfl 6uti,orlisrrl'u

rn'outi'.rur.rorn dr e riLr Homogeneous type s n t{ufi1ufiratiounr dcernrca fiu r,tSo rt'tr:iuu't:.1
. .i - '.)t, -)vrrufirfrnoursor*'u:ro.rurfrilairud'rufiou$nrLnnflqu1flort1v?i'ruriou (piping) ri'urflr",u.rErir

..i -, i ^ z ) . ". -lrrnoull.r [o nrrurnuuqvrnnluHoLnuulrJr]u4.r1r'rn'l
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INCLINED OR VERTICAL DRAIN IF)

HORI2ONTAL OHAINAGE LAYIB (F)

sorL

i. llonrogcncout d0m wllh lntcrnal drninaE. on lnlpervlout foundillon

-r- F

71 ROCK

b, Ccntrrl cor. dom on llnpcrvlour foundstlon

F

US IMPE AVIOUS
BLANKET

ROCX

c, Inclin€d cor. dam or imp€rvious [oundrtlon

nocK
c. Cenlral corr da on pcrvlous foundElion

M.IMPERvIOUS
P. PEnVIOUS
R. HANDOf,I
F - SELECT PERvIOUS

I\,!!,TE R IA L
US - UPSTHEAI,

LEGENO

8E LJEF WELLS

F

TRE P€nvrous sT TUM

d. llonloBencout drnr rvitlr intcrnal drElnisc on pcrviou! [oundition

F

OFF TR IPERVIOUs STRATUM

Lors

]IIHI

US IMPE RVIOUS
gLANKET

____.[__
F

4iJaW
sor L ------ a(zg

f. Danr wtlh upstr€!nr lmp!rvlous 2on. on p.rviour foundatlon

SrJvr' z 2
-w {

lunn I uour]unuuu__61u I lndrnn,t.i "l

N

t:
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4' - .ic i I - - !
lone type no tlounun ylu rlnuoqficunnl.: n,tt10u Ltnullouqyu Pt,llrJytuu'l

,. -q,ouf,l , -i - x(.r ]lo.inuN tlru1 lua 'ruFlc r1ou lrroal'tuL tnuou n11 lru'r,llo{[nuyluu,]olcqv!1nuro
-) 4^e ^ .n, t

u0fln21n11tJ4.i10.1nt Lnoun LFt rlnyoleLlluLrulFlr.:utotou.:n tn luoqnunl?nlro0 n,ruu t1.l

tuxlr6uriui'rur1n (d'{eil 7.2) dcur:l6rnuonfi1{{runu1{6uoir.:tflorfi'u lnurdrtrhvrfluAu
! la z i^t ovalu uoydli:.r airuldriou{rrq{ (Previous soil) ruEfitifiurfloufltuunv li!ii'rutdFiou

' & -;{tr4.: lPrevious soil) ruqfrtfrfiurfioyt1:Jlil Lildonuanro.r n*,] rToufrrfirlv61l.J1rnvr1n1?'r rlli'o
. "'-l -r . Z

Lo.t1u rlnv:Jn nr.]!n Lunlrrlr [rt{rnou t6lfli yn Llrr|.r n11r]l,t1t.rL$.! lnlurLaJfi'r ltnorn

ulJrR'roqA'!fi luruflormvrirErilrlfii'un,ir rirl#rurntor riourhna.:

- J,1.4.2 AlJlltslylrl:l5l,ltuvlnO(t"l{ {Site topography)

i-
rToudunrntnrnah.r'[d1unnrn4fr rJr;rrnrfi or4nrfrn lnsranrvuSrrru

, h ,a
ullrrj1rna1.l LtnJNvto.inlulRouil.irlu ltJut]xni1nurL2lul1ulu50.i [Lauan Ltny F n.:vt{ao.l

- ; - ^ ) - - - " - I r,
nou{l1.rsu Luo.ic1nfin1 rt.in61/r neru1ouT{ujul6 Eu{1nzun1u?! 1nrr10ulFlfl1n LLaY Lrl

- if on,-)' v X-1-
nvo,tn Lun1rlurJ1r.r2ftoq1nvrour1r1[ g{yrnofit1.i uonslnufl.uJ ruulnlevr'].t',ll-J !,]f,voxn

i - , ., ) - ;
Lvi?1y110uo un0{ n1t lx rnf 0'ic ntLnr0.i}] 0 lunlrluc fi n [rnvn1?vr1n1r:Jno rr11u1ul]1n

- io ) a , J
urtxtuvrL'rlul.llrr1l1n11n06r't'l tl0unounln cvvrl lo.!'rBLroYllrvlruan,:1rlouau

7 -4.3 dr'tv{EfniavrEr1rtav51ufl n (Geology and toundation Conditions)

- f . . i
6n1'Irvl1.l6t lv1fl110.1UrL?ruvrno6r1.r 1rO.:€'l{ rnuu'lLra v6n1 5'lu51n o rn

- J c a e a , -- q ! -vln l nFtonlttnonnunlo.r L10u elt umo{ finH10u1.invtounnoun0t6u !q n{nyrrunn0nrJ.

rud{m.:rLavic6}rlo.rilr anrnlne}i'o'l:.lfiu.rurvardt,liunir.rrfioufrufr6o t) rfiohu'iiuuuto.l
t' c ; - ""

Bedrock frnc'rrJuu1r..,1n 2) fiuj1ur1n1il ui.r ut':ilofrcviurlrurinro l n'ounaunin 3) n'ranfi.i

fi.i'ufrur.ruru3ofrfrufrhiui.:utr +) firirrndr.,rir:nirl spitlway rl,rrr'rrau unv st fi6r"rfi5i4ru

n1 Ll,tl]1yog't.l t fl.u10

- -i , e ) , x ; Y i
fin11I {1Ur1n!111tuvtn06i'l.i n{u!'rfl0.:1trr'l cuvo':u1LraY na'ivl.lfi0.1il {flnon

) . i u a c - ! - - ) qe ' .r

rtulvliv6r'1.i tn0u cvFro.llJJ'lurLfl.: Ltl.!?{1 llnluu11runlo{nc Llou Lon'lfl Ln6n1flrr'l.l 'l Lu

.! - , i - a i
rruyfirLfr.runv{!rir uavuotJ'lfidrirlairuldrioe 6.rrfluarruqrir'hi4rUtaudlrnvtfluau0rtlil
, - ) u qva) .4>

oiancl,iou ?1n1fl1a.:r'rufln ltjru lJ( c1L uno,ItJnlf r1]1lr{ttn !fl llrnT.! fi'ltJlrnvll lrl

--.3un1 16tuofl n:1fi n1n10.!{1ufl nunnvtuoNJ'
)^ ^ru:rnfi rfl ufi u Inafi'ctrJlrifi :1ryur'ludrunr:iurirurin rrririnn:r.r':Jryurnm

J- | "iofirro.:rir nrrdl?'rqJ'rutrnfr rflufrufio.:virfirun'11l.lrounou rfiom:colnouurd'nl1n1ri'l
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6ld.rorcqvrfinqln?ouLrnn mrrio urnvglnt.raariufru r,lrnyru,jrfinm*riu4.rrfiuhJ ,ivfio.:

, t ,Y -!Y,d i). - "u,'rnlrartrrl rlro'ruu !nfl n'rfooonll'tuuitr.luoi nlft Lr?.t 0iuLI1ntn,t1tJ6,in0{u'tyttnunrttit't tu

qnurrnludo.:"jr.:qurfiunnoluu,rriourflurirufil flo.rriuil#rjrlundruoonlrJld

gru:'r n lfl unec nyr ri s d lfi oc1 n nrrriorxr unyri'u nr riu q yfi ii'nuruyr,fl uiu
la !

nmn vri1fl unvfl:runyr6enfiri'lri'utl rinqyfirlrgurrird'ry z ilrvntfio inrrir6riro.:rir6.r
. v "*.ulahinumnrfirurlfldrn-fl{flo *nynrr'lr,lnaordrilruiufrurrsorc rfionr:fnflr rria6u

i ! -; )
l3trrufiruriouyqoroonl:Jrir'hirfialTnr.ruarrfludunflflrioDTtm'ou n1fltiuilq.!SluflnLfio
4 v la ctr. , .!-. t
o{nun1?rctr! 4'rr.J1rnn?yyt't lF a^fl')6rnu n1r.{ rr?o'il,tnun{.iuriuytL]u'r {cutoff rrench) n1?

nonrirfin (Sheet ptte) un;ntrldre6ufiudr (earth btanket) rflufiu uoiriouri'ofir"r1cvirnm

- ! -i z )-
u?uuE{ ncrflc'r? 1n.! tl]1ruu1r{ryrfiil liln!ilrx1ruu1y]no.:n1, tn{lu yllnl utfl!Lvruu

). .) ,--
n1 ffic1uytno{yr1nlrlru:lr{I1ur1nnu ?JLflluyrcy Loflu4 alu?o L}.1r1\fl{ tn eirl 11,

arrrrn16o ni6nrrrJiu:Jqlnrurnlff qn fi 0.: un;rulr:nrfl ryr,lrnmnlnyrr6uu?rorurirfl rdou
_z-ia f .61lJ1tn o{nutn n'tlo0nuuurJltL.tnlra rtttt.l t]uu1yt.f,Noonyt1.rft1uyl'tgrlou Ioun'lrntln

tflu drain btanker u5o toe orain d.:rld,trinqrf,or,luru G.rqvrirufirfid'nri1trovnn!re.!o-u!0.:i'r
!r , "-.; 3,,- ",- )
m luflal1u Lnrltoul]1 u0ytJlJ1uyr{ t1l Lnfl Lx nn r.Ilynuy]lgrnou

grurrn6umvnauunyAurufifl I :Jnfrgrumntfindrfl uhurdonv16co 6.:lfntrj
v Ja , " - | - t - ) -L,tN',rJryUlAlUnl??'r{! rrFrctrJ1l ryu1olun1r?uu1l.tunllnyn11r.lt.Jun{10.!0r2L1ou n.:uI,Lun1t

dmqqrviournrrrui{ Lrr.uo.i{1ur'r n6r fio.:rirfrrsnm!rounou ir'nrurnorr urlurt a.iq'ru., .l'

ernlrrui6 Standard penetratton tesr rflui6fiierll{d'ui'rhl irurunil'lunrtnonyrnno.: rio
f , , :. -!?vutuu.ll^ifl (Blow count) eJ ona{ncl rL ulo.!s1ur'rn nlroon$uunlonti.roluru oul

v i i ;",dt) -! - i Yxi ..)ttnI luulnlrnl nlJlnlu 11\o [ulJ1ru11!']utltu'tyunIln:Ju yt.tul]uoqnun?1rJ0.:1o{ r 2[1ou

6t,tu

7.4.4 nlirlunvruroro.!rdouA!
.<

nouLru.l'']u00 n Ltuultu't n ttn y?!t'1.:1to.: trjououqY0 o.tyr1nltfl nu11,0{ nx
A - ; d )etnilnutfl ou tuaYIofl onnlu16fl naL qn t6lrln

- I ) irlruLraJR unr fi fr rurrvarrorfi ufi qvriurnl rfl uri',:riau

2.) 6n1fl Auj'rurrnfi nrmuuriunrdqyiurLr,rrinfi'c16ouldvrou6olri n1lri,:6rr
, l - " ) i,. _ ;

tJ'tu1t0.iu'llllJtnuouLrt].: tn ryto!y LRfl1n1monl'tuuJlut']nunJol.irltou lrqnno.:



-3.) nlrriof,il.rdouqvl{rnin.:{neylorl?.rnu 1u1or0.rrt'oucyfio.rruurynrr

-)-anurnt0.!cnrLn?o.r o

+. ) rirl{'irfl fi'{uu nlunr rrjonhs uiu nr rr or nr aru ua ynr ru rro'or

-5.) aniilAufllnlnrnluvio.rdu Intrronr;.rirrqqud.: rvriscytdyrm!,iiruouiu
i . c--;
vrnM?nyt1.i1u LnlrlrJYl

Iosfi'{1il ruro n'nuruv ua;pjdr'raorrioufi uqvfio.:6rfu 6.:nrrlriuolun'l
q - )- - -!$?.irllu nn !{rJunnLntufl $nyr'rgayL0uno.:u

1. rvriuncrr6+ro,r#ura'ou
J , , -) - - )

rfroacrliloaornierold'r riou rvd':.rto.r{um-oucvfio'in{flofiq:trirfiurirlran
v -) u,v.) 4 -3. j i- )
1l'l}]rlC lllOu !11 Ltl tr{nvnO.!nc1r 'lni?vrlUU'l tutlloU4{4rlll YyltnO flood R1'llJ4.11O{nnu
) . , . Y. -)[uo.ttt1qlnr]?1l.lr,r.lnrJ uaynil u'rQ1io'lo1{ rn!u1611rlJ Llroudurfifl (Low dam) lu,lrutvn,u

- - ) a - | ,^.- 3
11.i tFlr{ n1:n1uunryoul0.16ut,I0utyuo?y0tltu'r {.: fi a l,t n.:u

n!1ilfl1rn0!flr!1la1nIr{'2lffl! rydrd'urtouuainxd':rdr4qa

([NFrr) (Llr n?)

1.00 1 .00

1.50 1.20

4.00 1.50

8.00 2.00

uonn,,r oqrnryd'r.rn-urioufiriruual{fl nrerffr.rrur nne rrq.rto.:ri'c rdo'.r'[{

;-
rfionrrmrod'rro.l5ru:rn unvol'rriou6n r;rrrru t uilofrfiuEi- aorncrrqrto.roi'crfiau

2. nmln{r.uor{urdou

Ioer:lnfr norun{r.lr o.rduriaudufi riorqir.: drfl rndo.:{n:nroczi nc rrr'avncn
iu'[unr:vrr.rru fi{'lrirrctnir.rrjsun.il 4.00 rxnr rlnvtrino?rfiu 6.00 *ln? dcurfiou6r.nur art6n

.j. ".- )ylnadl'l.l rlcErLtt{au ILA: Lri rlO{ n']? l{ttut'llOuLLlUyl1.:rn11}]O1q1YnOflU1On11tln']1{ tUnO

z.so rlmrfitfi rfi onnGrrnrao.r6unrfi'crdou

3. o'tonn.!nlutuuoulLlnrvllgul

nrtriruuo n r o tdou druu,rfl orlr uovvirsdrtoufi'Qt lqv fi ol ri'l.ruolfr na rul r v

f .i a J ! a t'
frnrorao.rrTouns nrmrriun.:ul'.r uxoqjldotnoo rcnr Tnul intrdouvrvarunr'luttruvrio

- - z "-airr lutruyrfiurYnrirl{4.:4rr ua;lusruvrir'ludrrrfirrlrnna'todr.::rorr5r
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J - . )t , a L - i "., ,i,., ,.a
n1nl0.lr,lounulu1ornn noc1rJn,r'rNrun{ltt.rt$.lyr11fl trni Lnnurl,1]0fio

t :e druiunrndrun,lflorlruny t :2.s ziruirnrrrdruvireirli{flnrnrosrdouorqqyr:iojau
r hr

ttun{ tu n1}Jn nEtu!Lrnvnru6}lUnfl1,: n1fln1fl1fl,t ounu rlny{'tufl n

J^7.5. l,rouuunlJ (Rockfll Dam)
. J ; " Z J."- :.

t:lut10uvlfit1{?lU uu1ulrrfll.: I n!0fluUu tllo tll LnnnllrJNUn{ (Srability)

rrnyair.lari.:frr.i'r6ridruhild (rmoervious membrane) rfiorfilrinri^ ani.rfi'urirfiorcnh.:ia

nlotiu[iou drurufrorirdruinqfi'urirld uiu lmpervious soil, concrete slab lrni asphaltic

concrete riludu uTosrqnirrriuunu6'uduil1 {core) orjnralufi'rriaufild
.J -.rt:louuulJFt,t'')lt ruxlyfix 111 1l0rionir'rlfr.irflrLavLlrvurin n'rfl'Ifr'rlnlv,i ri'r.r

'l ,l.ruFro 1) r1.lof,Mrnu1uu1lf 1ruu'rn 1L{n1uln I.:o'tcq3 lns1nlrr1ru Lnn Lnfli uroqln
e ; i - " "":-ioriorir.r 2) nn1flfiriouhufl1!ou1n rloyno.: nrr06n1?rionir.: unvrnio.:fiofr.i'ui'oust

i - ;,
x1.lrla1fi11rflJn1?n0(t1.1 tJuofl Luo.:c'rn{!oln1fl LrJolulg 4} LrayuJoflo.: n1r'tJ?rJrvnulo.r

d4 a q r r,
nut1I0u I1rfl.l1u luoulnn uonclnutl0uuunrir.tttMtnytlnlrn0drl.lu?o0xlru Lllflto!nll

nlrooonuluuto Hrl ryy1[ns,]ri'! Uplift pressure unvlriirlryurnr:fi'orrtrvriruriiou rdo.!
,La Y , -;11nn1rflt{rJ10.ru't luql1,10u

e 1 di - " ^-; -l0rdulro.lrnouuunrnnlgnn{nurlouounr Ao ivrnnncllJL6uu1gumfl.l
i all . -; r ai ! " a .r-i .ylJn.gu.lofuu'r lr.rntllJ n.l Lllou Luntrumnl{?y!1flu1nul.J1u1Fr luru Lt]ho flnr,ru lunfruy lllu

J ! if )a c r,
rlrouvrnultloylJn11r.,q{ NrJ'rnun uonclnur10uuunlJ00.:n1?r1uflnylrn11rrL?{*t.l !r.J

vEo6'1 d'urfluf,1luni11fiilf{rqnircun:hinr:.rrrnrfilrinrirl{ld ni.rrlugrumnfiu,lr.n;ar
e ) .i.- - ia-fi1utu6t',l.ll1oulrun nno{'turlnytruuuu ttoJnllnyn1Elo0tLuu uutnil.t Luu?r? vll.tlru

-.ir--i--)-inrun1fl rltl1n110 Lurr?L?ruyr trJ{q1']"l50u1uuyM,}J1J61.ru't6r'r.r rllurlouauolJu?o ['J].J?r?cuyr

.,i 44
n'lrri0ni1':rT0unounSn irrnrr6lriulrJ

1 .5.1 {un10{ rlouuunr]

L10uuunrJ61lr1rnuu{oon [n[1Ju 3 xun n1xnn1'ru.v1ro{l.]u.rumttnunuul

fio t ) Central core 2) Sloping core 3) Diaphragm tri'rpJfi Ls) tltiavtfiFrfi{oo'uav:isrdsnrs
.,t ,- - ;

rYu nr116o nl{iuo{riuiaEfi urldunyfi n111xo.:jlurln
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(a) Central Core

(b) Sloping Core {c) Diaphragm

,-i-)^
?'llvr 7.3 tunxo.! Llr0uuuor.r

centrat core ttny stoping core tfl utlaaufr unrfi fi rrnur.rio ruri.r riuriro"jlun"r

tnou o60yl t{jfi'lttnuufltJ lttljuunufiuoFrttuu central core tiluununuyt4t']{ laqtr.:rtn'1.i L10u

. -3.ruavoqj'luuuc6.rulooi'.:nx dru Sloping core rfluunuhufrair,:r6n.:r'1 n1r61uruf,ou'] Inu

yl,t tun16n1fl4l.llj?vt 6 ttnc51ut1no1u.lfl tt sJutt.lf,tl.rt.Iouvrxl.tnum{nf{u1nn,]'LLnLtou.l
;"

ruo.iq1nftn'tflyl1n1rno611.! tfi.:1fln?1 rrnv [tif,4t-rounel ofl1{ ttnrrlrJ unuLofl.i :JF].J1ll

. rJ - - ! ' . )
LU!1vfirJ tunf rUfi rrul nlro noorul!u{ rlrunn!rrulflugnn1.:LI0u ttJolJ turru'rLou?nu uon

I I ; ' ) -u.qlnunlroonlruuInurou.:0.llJf, 1urvlN rL?.: n'tuvr1unl?tnn0uu,t lot]1nne1 10010{ n17

- ) z)- ---!, ,

611{ unurno'uJr1?J !unno lruvluc'llo irrnufi!JtJf{nru1uofln11 unY61}.J1?nuo{ nuounrlul.lro
,)

arnnrvvrulln6nlrolnlfinluuon !qn filu1016gnno fla{rlnlrn!n'r L10u lllfllaLnu! F]0f)

.,i " ) v,u ) - J .
tlnutl0u rlnl?Dtr,tqaouunutnou Logln ttnvl.JLLr.tulunlrtnnoun'l1lo.ltlouuog

., .a B

Diaphragm rfluriaufiunufilrJfi unufiurirlufi'ctiou uoicvnir.rtilurrilrrfrurlr

(membrane) uun'rnn6{fi'luLl,rfloriruvru rfioilnri'urirlilhilr,rnfiu.irud":riou fiflu'Hroair.i
)t -ia ,-) -i...Lu]t 1ru t 61l]'t?nu1fluvrl.Jnrur1vrrtN'ryrlunu tn t10u1uou 10o,ta1B'!tJnl? no 1) ,l

) - -) ' .,i . ..J
Ft'tlutlaonaflnonltrnoouotql0{ ,l1tI0u}]1nnc1tflgutuft! Lrnu 2) nMtnvllnlrn F'lL'llou

, -Y,., , -Y""hlniorrilnmri'odorir:lu 3) liln1rn?icrto:.lunvdo!Lrrr.rrJfnriuldirr +) uaiur:.rrilrTurir

i -.ia1N1rn'tnlrn0zqi1.ln1fluti.:vln!n't110uL6?qt?uutouLL6': 5) Lnruu u.lLlo{ nun rrnfittlJ
l" {?r'. - 2 ; -..ndrdruruilorirhl'Lud'1 uoncrnfiudrtftlrifi:lryu'rrfrfl{riu Uplift pressure Ltnvt}-xv1n1rfio

; Z I d - i - .i 
' 

<! 'ca, . ) eLXlYtUO{qlnultlJotvlglJnlJl1oUOUnU tr.:eYno.ltdun'l ttC'lg lunlrn?,l.l lrlter tflOtln

rlrgur piping
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7.5.2 nirltcuniu?rroldriorirs {Sire ropography)

anrnqfr rJrvrvradrurrvdruiunrarianir.rrdaufiunrfi 6o uBrcrudrfl r.u1ur:rr

lA t, i -.jr ;-- - )"- - ,x d
Ltnyfluvr01an6.,lflou1r't{$u l[.:qyultruytrJnrurlllfl !nfl1n g{n'l t!uurtcruyltulru,aqfluur0

, -tr!!naHlnurl,lELt6l^Jytl l1,tf,1x1rnn0a?1.: Lut1n1 rYlru0tfl.rlu urt?tul.rut1r1ttnuturJlv allu?u

')a;a)n1?f,11.lrflouuLntxun! tl,nu ruo.relnttr.rou luLrnuQyr]rJonryyllj [0r.]or'r0to{'tu31n [unrruvl
lll

:- - 1- ) -) . .r tnn.lxn.r'r!n1nnuq.l}l1n n11c3rJ'uruu1rnfl.ln:Jnlrytrnnlla{nl L10u lun? tnuun,l?
. "':c'ttu1 ltLlrounauntncttu lv6,]n,t')

7.5.3 6nl Etfiiytoluns{1ufltfl (Geolooy and foundation condition)

f,n'rsl0?nl'tvlulLtnY{1ut'tn 1]n11rfi1nrutt6vuovl6nnn0n1lloonsun110.!
.i .c- - .J."., J J :"
l1loufin1 vl1.:0?ru?fi9110.1 site 01qnyl:lufil luEvlyl'l trrl0.ltnouttultlnutnou ttnvuUlrN']tl
a,!-lr.)
n{nlrulnfluxuo1o.r Llouocu Slurlnlo{rlouuun qJno.i6'l ltnfiuyr1unon1?vt?on.l llnv

n13AAlUfle{1u?1nrt!Un?1nttnJ l1fl 41 11n tS6?1.1L'I]OU Un Lor trotnO{}Jn1?nonff i

",-Y^. -r.i ! )
uutofl ! ann{ lun{tulru lunr yr{lurln rluoullruuc !}lnerf,,1.M0uuu

rlnliu:Jl.:jlufl n rfi o'lrinrrren'ltn1u'hiruxlvnrr6rrmnrirldr.rnrfli6rdu

n1?6r1{ cutoff n.i I n{tuuu nlttnorruluul uJuri l9] cutoff u?onu,rrnouryr0il0.: nun1rr2rl.,l
, t,c ,'n,i,l o !.a o

t]lunu 0tJ't't [?nn']Nn1fll11l1l?.ltluqvno{ nY{0 [ogn']u.in.i criteria ,lo llju R0 !n1?mtr!u0g
i,"a-t;-ylAO 110.t nunl?n nLs1vvt1utl0u q1non1flilanll0.rrlau LrflJrJrrr':n1ur1un1trnaounllto.:

tl0u0Er1.! l11E.tyl0

5.5.4 olFlttsulgd.ldlJlrns rlntuulg (Spillway and outlet works)

n1r!n?n1un10.!o1n1?ryL1fl lfru rrffv En?vulrJiiruiurioufrunr incu
-)-.i--)--):.61nrux'tn HuMg.Jnurloununx tr{xncJxf1n1nlno6?1.t{lt}Jo Lytgunutl0uflnuntE [ngyl,)

" ! a - i ).-- )
uJuulJfi?f iyll.rryult]u'r6u[luufll{r nou'l?fl l,llotur]ou .'l yr tinutnoununu 6'rrJlrnrnon

t{n'!l:touuun Ln yt{uqyno{R']u{n.t!flJ1ut6Ey1n0':1tlIuc1nuofir'l.i rr8y(1x1?nu'r l'! Ln

.,.i )
:lrvluttlodr.rdu i.rcvilHnriorirl{i1s rnJfinl r.lnfrorid?s

7.5.5 dn1naio1n1fl (Climatlccondition)

f -: - .,i
rlol.ruuvl{fi 1rJ1fn tt LqnufinlTi{xolnlflvl?1,lrrr.r uullefl unv unnln Lnn

nlrf.JNn.Jrll0ufi1rJ1?nyl1.:1uolnn0nu [oLrtJcrtJfin']no1n1flElJ[$,: tulruJ n1far1.tLlouou
i - !:. i.

nr L fi'tultnn:vvtltq rlounun a't:Jltooon t,r'L tIL1,luvr1.l tJ'L1uu1vt.t tulrruvvtv'.n1rna

". ".3, - -) . -!: ^ !"
6r1.i lrrfl tuu'l lun ']u'u'ttt n': t10u1t'1.151.1lrl lrlg tx0lo':tlr1.to1n1rgtuu1rvl! LnlJ u0nqlnulu
- ; 3. .i " f -urlc vrlrloul Luqqttn{ n1r]1tnyr'rn1?nof,r1.: Lfi tul tuyyrn'tffit1.! Llrounucy uruulrJln
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dd/.o. rlAUAOUntn (Concrete Dams)

rdourrounioaurrnurjroonldriru g rfirr 6o concrete arch dam, concrote

buttress dam LraJ concrete graviry dam uoinvtfrorldqnoonrruri'ouilnr hirur.rynlfirnnrn
to.rqirJr=rvra grJir.uour,:r1.r rrnydnlflro.r!,rurnluur.lnilnllrrnfl0nuuurfluuuuarfir

6.: i ri.: ao.r r fr orlu rio u ri'q rd fl r fiuld

7.6.1 Concrete arch dam
.,j,dnuruvrijuui-ounouninl6.r udnnrafr crarurncruru&ry6rlur,,gs{Huqy

nqr:nrd'orrrdrutoldo.rrir nrun{rloianrr!{.1 (width_to_height rario) ri,nrrdrufidfi4n
d'ruiuoir.rur'aunouniorld.: fiorjog s.00 ziruful{n.criounouniorurr tpJfi z.+t url.olr;
,1,, rfi ounauniorldr 6ru,ooonuurl{frrio.:r:rrfi ndrrn.i16.rio,or,drunrun{rloio
nctr6,rfr,r to,t

SrJvri z.+ riounounimtfi I (arcl da m)'tsj21 11 1 npls

t

s

i

V-shape

:11,
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grJrrrto.lrlurtr rfl urlc{fl ufi{fi i nmldr6'19oio nt16onriounourEsr'lfi-rfi fi
.i , - -"-; , ., )n, t'-t,v

6 non?l uu't'lto'tnttfl?uttnyn?1Nl_l?3l,tuo Fl.:uuuJotty{ntfl0tou1.l0u t!n']1.11101u.!10 Ln

, -i
'jrnmtilut'n-ounounSomin1n i dr.:na.rurrrr (canyon shape) 6.rrflurlq{ti rirriq,rnrr16on

riounounimlA.: Iurt1eil V-Shape fiaruua!1y6xn.j1 u-shape rdomrn riounouninld.rfi

oonrluudluiu!rrl V-Shape cvl{Grrrunouninrioun.jr [nvn1?0onrru:J Srress

- i ! -) , -;drstributtons Llluvluol.trurJlnnll LlIilJu'luunytntvylluu6lunl{10.1fl1t1J0ulJ1nn'l't og'1.!l,

flortr qrrargrJ U-Shape lduiuriur?.rinorfic1rrur6.:rJn{uduilrynoufirs trdounouritrld.r

nir.rlurluun V-Shape uav U-Shape uan.rlflugrl z.+, z.s)

dnrllulurl nriluiu riounouninld.r nc lfl ufi ud ud{ ut{ rnvfi uvr1ufl o0 a

-) -i ; ---'.o1qn1r L"I.r1u1o'!0rl Llrou uur4nroulrtoQn lalu trtn'ts rro6 rJdnuu'r urrulnlntra!
-,1 ..., " - )

ncl1]ou lrJru lYf,,]vrlYlxnju51ur1n61u?lJruounaunrnta.:0u1{ttnn'lr.J 0'ru?1n!'r"llJuu

^irv 
; - ,"- -t ^ h ,

,JvlUnxoq u 'l1.tu'ru'r.lo1qcy t, to n161uvr4 LraJvrunrofJuulJllr!1ru tlJlJ1nttnvuu1
a ,, , z .j"

a!'lr4tJo fi1r.r1tnllrulir.: rrn Ll ln Lafll0nondcuuoon [ lrnyu1r.y]Ftaunrn 111['1.]Il'yruyr luntru
i-.ia
vrs1ul1nNa21llrLlr.!lrtorlJtltn Lo t[JFt 0'tcvl']n1rkn LI tn LnuoanrrilurvllJFr2lNuu110.r nountfl

;--- - i ti-i- g
!u6?uytfi x 6nuuu LYt0 ty{liltuyrtuttr{nolu

,J i
el.]vr 7 5 r1ounounrnLFr{ tu1.lLr1't U-shape

:,ir!.

,: Itr".

ll l. ,r:,,,
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1.6.2 Concrete Buttress Dam

- 4' i' - l.
tiltJrloulA t1': olunoun?rr !nnutu:n1l,t1r.r1r'].: rrnJUntll {Buttress) Rlrl'ru

lrli'.i {eil 7.6) a'rsf,i'r{rfluruzFn.rr.r3old.:fild ruur;dtairqulrrdriouir.rnir.runvfiarand.r
,j , j i .'.",txxuN'rn lunnlllrnuunltFroLtolr?J1rl'r.11.!url1rrn:nlrlouqJnrryn !o.11urlnyn1 lunon.i

- -) - ;
rlq{rJ6u nlrdil.rriou Buuress Dam'tuanrvrrprtrn{1.:ficJQnn.jrnmfi irrriounaunior

dru (Solio Gravity Dam)

.j . .r,, - i-r
{lur',tnvr LvxlJa1l tolrvl.r t!qvf, r'r.l luu?rlurr.r q'turlnluuuu ofl 1{ tlnfl 'l!lrlJJ

"-) --ix,.n1n2110u [N6.rx1nun 4..) tnf,11.:uu5']urlnuuvr trll'u.: rrl.irJlnunurojlurlnruuounl ln

Footing Slabs unynMrniu loqjlurnrur{firiruun fiotilBsuflu Gravity Dam 'l{nounin

. ,i e .*te ;,' ,\e
ur:r1ruuafln.l'r rlnruo{clnr unollnrnu'l{q.! no.:Nnltrat:Jrunnrlnvn0{ t"d ttJrtuun{140.1 Lt

rirl'ffiru6.:iu fio66nrirvnmud.:fi60 Butrress oam r:triirlrpurrducriu Uplift Pressure d

-)q1uI0nn'rrlrou

a^i( li\

;:Jd z.O rdounrouninrLUu Slab and Butress (Stoney Gorge Dam)

,!i!
1i t'

.,I



oam biqnn'h Buttress Dam

7.6.3 Concrete Gravity Dam

ruuLl0ullfi11n0t.J nountflntu loti01fluu1uun10.!fl?r1r0uL'llunln'r1lr$.lou

ta.:ritir'hirinnruriunl (Stabilily) al rrnairlld'luantrrluLrlrfioulnnfialnuronrvqu
i.rllfrriouillnni'l.r uayriou{rrrru fnrrricu Width-to-height !1nn,jt 6:1 6M?ndi1.: Gravity

nn',n5',ur.nri'olilaurrnnirl Concrete Graviry oam 1d firrflurd0uprollnln
J ..r h,a I ! u ! u,-fl1rin'r'rx({ ltltnu 50 qFr (15 rNnr} Bny}]Rl'tr.tnl{ rlulo.ltvoiunlutuuoultrnJytlflul t:J rnu

zo r!or oejr.rlrfiorl n?rrnfio!finlnnitrrL urtnyao1r.]?t'tN1?n'lunlrfi.Lrirurin:ro.:gruriou

" .r!" . ) . - !tuntfififiorntnirrriouq.rn'jr so rln ulorvd'urirfirurufioriruo:ri'uriurnn,jr zo rin
,f

5rurr nnr:rflufiufiu un;finmlyruuruoionrrrln:ou rfrolqrnnrtdrain r umurnrg unv

ur.:pi'u

nttr ufi.r ut.:ro.: qru1udrunrriurllyfn {Bearing Capacity) rlnynlrriruttr.r

t6ou {Sheanng Resrslance) cyfincudrdrurrnluntrn'onrir rad rurrvnrlouron lyrdou
..i)"aoun?nfi.: rlny6r'r.t tu{'ruflrny]tuunmn$aJuunynou n{olcqyno{rJnlruru'tlt{qlutlnn a., aJi

llavn1 ttl']flq{ 11ruuno.:rJnl to6ou tunytounnou

rxtt{16ffi}flijiff i$Ia{e.$(a0l' rlr:aPti i'
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!b7.7 olalffirulgrilnu(Spillway)
!"- -; . -! .i -o1n1r:ylJ'tgu10uN nl1rJq1 Hluno,t6r'].t 11(1uru tl0utnLln nu1 Ltny L1lounn

"" ; Y , - .{ C !x l",di. - !
ultYr0rYlr'tflu']fi?uLnuutou'tyllu6ri'rlJlneu I Ny]d'lu11rLn!nn La LLa: [rd'r]Jlrniiuu1oon
{, - ! A t"- " , -Y ^ i - ) iut
tllyr'r.r?yuur.ruu10u tayru Louunflu1filurnuusvgnry!'lEoonyll.tdur1lauuroq IrJ.iFtyr La

, |.9 ', ! .i
fi ,'l.r !1 a!4ra{u'r6rr n1flyrlurlou

3.r ir, a , -o1n1fvu1flu"luA111J61nI-XXlnyl lrJFl'tt!o.:111 Lll t10uun1uulrr:11.1flyn1fl
) ie.t J -n{ tuo{qlnnltoon[uLo1nlrtYu1flu1au lu'l0tonLnul tou tolllytlaunuorun ytnouuu

i - - ) 4z ' " - a v "nl]cYqnu1 tr 1fl.lyrin1gLNouu1Lyall nutlou nlmonttuuolnlttYltluu']nu,lgFto{ qn

tlO'l7l.1O1Utnfi1f{ntUAY [n?{fli1.l ttnyLnOnYll LAnOfir'l.lylLlrrJ1Jfil] L Oyltl.JO?YU1U'1.11'lO n Lll

J , )!h , ",i*doqvlrifrnrarin L{ivfiluriou uavdarvrrlfrri'r1ua ilrul:l fr{cvfio{rioair.rornlrnnlu dl
-l^,u.l'lU (Energy Drssipatron) Ur0111'161]A{ nU L2nefl

nlroontl,!u1tu'loto.roln1r,i1lfludo{vlt1!dnuruvnlr.l']u1ro'!o1Fr1tdu'1 fi.t

' , i f; t '"" , , ! , i
a1 1rnyr11r1-l'rr rylnflul€on L !nLtu :lry4?Ylr1uu'r r uau o1n1trualud1lJ^ rnvr1n1r

3 )$, t, - ) -,vLl'tuu16,tulru.t L0r qyml Lultu'to1t0.t01Fl1?rJ'L'tflu1nuN1u10tffnn{ n1?160n1u1r'|r nltFlo

fru'lqlorefiqrorur6lo.:rirlrynoloir.i "l Ldu qrnivfll tnflldrri nltoonul:.t ?1Fr1ltaivncl

rdeurflfiorncvufiol'u ornmrvrrrrirdurril.roonrflu z rlrvr.nvr6o Service Spilhuay tar

Emergency Spillway fi rcvvirurirfi unnoirlriudlorot:1fl 6o

1.7.1 Service Spillway tfluolFr'rtvu'lflrlr,fiufinhr{u,fiorirurirfinru4rurrd'lrir
- 3".,i -;- lt

Luo'r.iuluu1 [l,|oqv]rvdu no{fl1?n'r lJ? 1ruu1Luau'ttJlncu Brnl 'rtnqvLnLnn 12,oon no

ltl G:lrcudr drurfi ucvq nrvulfl fr .rldvrr* drurir udr tur ou, ar spl ttway c v fi o.idl vfudril
id ! r.-

'rulnlo.! Inf low Des gn F{ooo Lno'l [a 61u1tn!vtvuluul tavlu ttav L! tl]uouFlllHnoFl'l
.i A j i a , )a q.
r9raur,E?flo'r Ftlrflu 1 rLo:.J flood lrul ntyllnuutouofl nl1 Flood ylLnon te

fi n1fl qfi ilryrvrfl il3r'r udrionir{c:fi 6vr6naoiont16ondruuril qfi o, ttn;dru

:lrynorrol sptttway rriu n1?6i'r.r spillway vrrrdru'lodruufl{to{ri?H'outilum6,rfinrart'u
, i At

no{flclrru1n.irrQlu rrl.lrLr.!1o.is1u?'}n t[ucronulnm0.il n nlttvlnount,lunJnlrfilli 01n1t
it

ou1]lvnoulfla o{ nunltn umlJrt(Elrlu tl]unu n1rr00nn1LLuu.lo1lnynluuo t1?1:lnunl
i a f. .',. LAt
riouriSout:noonrilu6ndouvilloir{r1nfild ri.rfiiuoqirfr:runrfrriurir.r l Ltnrfilutflru5nc

rl lu6lAnl



.J i l1.1.2 Emergency Spillway rfluornmv:ludronriufr air.:iutfr otfr rnrru oaa

-""- - i " a)a i,.
fierhiflud',r ri-ou lun:nifii Frood rrnn,irfr'ldoan uuul{a"uil Service Spillway rnvlri

fi1ll1?nttula loons'rnd1.i rfildrldri'u iyri::du emergency Spiltway n;otjfi::d'r rfiuri'nq.r
)-^ a ) i:" ". - x- -x6oInu4u 14rooln1rou611.r'rrnr0.lt! ln tNoul luo'r,lu1rr]uu1l.lrynuq.in.:rynuuqvqn

rv!rfloonriaLfrilrsylun{rild'urn'ouri'ucy?ir1fid'orfiau{.rvrynrflld Inflilnfrnr:nan Lr'r.iu

uo) z" -"-Emergency Spillway ll tn00nuull L,ltlraTy'lt'lflu't !u6n1l1:Jnn o.luuflnooolu n1? t!.:'l:JIo.l

tnr.rnrmrcqvlriirirduoon rnafild druyr.i.:tol Emergency Spiltway rinn:nir.rt{nunvdcu
- - ) I - , e - ) i a " ) .u.
nunl tlou n.i0'rllyLliuua1Efi1unurtoun1u Lntl1u1.tu{lrto5o.t L.Il1Ltnu1a tnlnuu.:n Lrt

7.7.3 Cru:ltsnoulo'ro'la,lttculadldu (Spiltway Components)

!. Y ,, , !,, 3 ," ! ^01n1tty1J'rBulou n{tlni]infl1.lr,11qun{n1{ua'1040 :Jnoflu1n{fio'ru1rrlLr

ruErnoonldrflu a druluqj 1 6o

1. o.lnliacir4urir (Conrl.ot Srructure) lflur{cuvifincrudrd'ryr.nnvizln vir

ulvrnlun Lr'.r't u'tylcy Lunoonslnol{ tnuul LUq01u't o1fi1?n,tuq!u't1yflonl.l1u1n ltr

) i ;.
flovlc:?vu1uu100n tovrun'tumnluun [1 0n]Jtuto'tn'rtoletytlluu1]1.Lun2un.N ro l[J[J

aA- -uruncrqrfiki lun:rf,fifrnhuruyrflurirolrifi::runru4r :vri'uto.rdur.lrucvriruuortioqj

rvd'rrfirrinq.r4o dcuXrJor.:ro.rd'rrlruorqrfluuucmt{ Id.r r.rio u-sn.pe ri'rflliuoqld'u{oon

LtulJrtnynilrrlfiJlyaltolqfi ?yryrfittnvr{nl j1ut'rn :-F!rrufi'rvureaoncyfin?T Ndl{ud

fi'u Head unyno'urs1r1ro.ld'ur]rfl ,lodoieyrzr5r lunrrfid,fluorarmyu.silur,ruillua
" .;duiu unvlunrrfrfraonuuurfluvio (Culvert Spillway) ulo Morning GIory irrrufitvlr''tgoon

- ! !. - ! : z , ,i - z
lJir1.rrl1l? LLl FrllJryfi:..ru1 [r.]0r.iryntu1n1u'rcy Lu0il1! 1nyl1.t Lit''ltrxutJlu ttu trJ0?y0t'uu1{.i
2 dXiutnviurlr,la r.il Lfirryio n1r'lunro.lilrqyrfluuuuttllou un;rlFlrrurirfrr;urun::iuoqjri'u

ryd'urirraorfi rilr'lutir{ rfi urirunvriredr

anuruvtol{ul.lrtLrirduiuorcoanuu!rflud1fldun! (Sharp Crested) ihu

dulds (ogee Shape) ra6oilrad'un{r.: (Broad Crested) niur6fl,rflurYr orifice olcc:roon$!r..1

rflu Sharp edged, round edged r,lSo Bellmouth Shape

2_ ol alffJu'lltu"l (Drainage Channel)

,3
rfl ui{cuiirrirqrnornrerrcunrL rudmvrrrilrn.:{vnlriromrtrfr u?nra.r

ev:-nu 'rdruvirfldr ornr::v ru{rflorc rflui.r naun?ordruyirui'r:ror riou rfludorriurflnfi
! i- -r1ol:-Jnunrntarfiufrr,riorfluvioiuirfifl.rilrud'ur6ou fl.ld'oro.iolFrlmylrtnirarnevrflugrJd
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.l ,i ,r r, I r - ' i..
r.uaEtj nflrJ 41.:1r\ unyeuou I [n n.!6']FlNn0.:0'to1td?uuRFtolyola{IntlrJ urJ.irrr.lhovylu

, 3 ) !. , : ryt'tu00n1rnonrouI0.:u1 tuo{41nu't tu{,t.lucv luno2gR2l t?.:{.:

3. Oln,.lfyl'lAg1 (Ts.m.nal Structure)

rfl udcuE nvirero.roln'rmy!'rE fi ldufi rlrqytr,ra riruriounvrvuruo.r (drr5r
. i? . | , ;

tFllJ UtL?rueJt:JUvlUlnnntytlyln LlnYl]nCl! li14.l qlti]Urlo.inOn'l1lJtt't1lO'!nfyLlfiu1n0Utllo

- -L ,

:lo.rriunmriortry ri{fiuorou:largto.r01n'rrryrJls,ilrflufroroanlrul rfluo1n1rdrui1rdn1fl

ndr.tru (Energy Dissipater) tincrurSraouirnnn.:ds:yd'ur,ld.rdqvhirfinnrrri'orsrv

7 .7 .4 ?:luuuro{a'lart:cutsri'l (Spillway Type)

i' rr:r na{o1n1r:vrru;rdufiunrfl r ttuu inol!LlrrJlvfi rJrrfl ntil.riYuoon

"-'t,L n1rJnnllr4rll?vtvrfl 6n1nvr1'1f ,Iu51ufln ttnvt]n1a{nlroon LruLvrl{rnAlulnr Ltr!.rvr2 LU

)" - -tcy[rj.r0ono1!o'nl*ruvlo.ro'rolrFlruar]ildnRruvro.rfliillusrr{,ruil:vnoufrdrd'ryff.:fi

1 . Free overal I Spillway rirqvlr,roiu{ua.hsod1l6f, ?v unrnna.td}i'1uil1

'[uur]n.r'luuuonri o1n1ffifindruil'rvri'ruiuLfiounounloririt:o'uduairelri6n'jrtvd'urlr
3 * -i,. - -"")nlUvl'tu lnun LLnvrnlrilo.!rluvl1.i rl1uvl1flu't ulu3fl'1.: n o1n't?turtu lN tuN'tYnu?vrluulvl

ir,. - i , v
(.iLnun,r'r 20 {n LtayxsluflnnluvrlrJu'r Ll.,rrr!.i[t.l tlrr'lvN lt?'r0lnntvuvrnlo{u1no1,l!'1.1u?.1

! --,
2. ogee Spillway ifi'rorntncl4t.rrjru?adudrfl rflu;il s-Shaped fr cldua.:
i I - ,- x. , .j3h

m'rilrildrufiruurlnmrldluuuna6grJficrirdrudrrfirjrlun{u Inr.:ornrryr-.ruloqvoon

LL'ltunonatuunutnfl lnu

3. Side Channel spillway fi dnuruvrfl urlrunQUqNilfi 11.uululiln"lll Lru')

! t)e
a1n1?ryrrlrrul rirfrlran{u{uil'rusvnna{ddo.rry:rr irnr(drrirrfir ,1.:iur:lolccuoon

ruuurflufl.rrinnnoouu.l uSovio #oqtlsn'nrn16t.rnlxdn'r11{fiil?vtvrfl vr1{d1fiuu?od")
, ."3, ) - Y " .," YXZ

iJ'tufi'r:Jlrnoontt u Lrul Lvanulrt']vt1'l0r1u lf]0'luuu.llr?o11'l60.i0r1un !o vl.lulluoqn1]fin1]l
i,

q},l1J:y rvrfl vr no611.:qY?'ru?u Lu

4.Chute Spillway fin'nuru;rflurrl't'nrirqrndrtrfiurirn.rdzitirrhrl lneivrr':

rirriJn m':r.j'rorctt.l..... nr na{ frrulordrur.rfl.rlold'c rll'ou oi'cornrrncuRrlrir:lrnurl tir

6'r!'rtnoonrtlurflur.lrfl orifice u6o iornrrnrunlldorrlfio.rnt ornrrmvll'ruritdut0o
.*.-- ) - .i

rqur:noonuul1fld6rirm-au6unruovrioufiunr.r Lrnyi]nfinr1rr?njrumn rlrgurd^drxoqj

,'l.r ,r't 01 Fn,vlnl?oon Ltu'u LtnYntfi
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5. Drop lnlet Spillway uio Morning Glory ia'nuru:tfluvionoofl.:1fi0i'c

vrln?:Ju1fl1urlruoulqYaon[uuLlJu'r ? 1]1nun, ]llYnur lnLtytlLtnLnnvrotuul
. - ! i ; i ,. 3 -,lluruuoulty.lon.: !ulLu?o.t LLa,t.:0 L:.luLtu,t t'r! tuno{ Flo !1l tl.!aoFt lnnl t1l0un{{n1u't rfitl

! " : ) !; !,oluvtluu1 n'r?ylln'tu,Uo.lo'tFt't3u$1t.ioon L'tJu 2 tl.i L ou'tyl?y!1ulJu0uu1lun LNtnNyro n1t

- ! - ririrrruqrriJuryfroudr free overatt Spitrway rfiarirludr.: rfiurjrfir:6'r6.riuunvrliurrurirfr
-!" i :"-

0l0.lrvLl'1fl1t!1n rrnJxul Lua rnrro nlryl'r.iluqylJnnrJruJL u t{}10u$.1?{1tt1fntvll1u1]1tt] [u

rJirrru6.r

6. Siphon Spi|lway idnunryrfluvioilnoT {rflufll u n,ir ryd'unre'lulioe(ru

41.:qv?1.1 tc'llSYnuul rn]lnn LN0?ynlrul tnunn luo1.r rn!u't?ufl{ cr.1?vr]1JulqJ ttro t'u tlto lu

dnuruv Freeflow t nrvfirirlllariruuotJ{or.r firui'rulvrnn siphonic Action ornrflmu'luvio

qvQnAnoon rfraqryrprnrRluvio rlcylunrirviorfir.rufrcrrflunrdnrir #olqvlou tJllrrurirfi
,x ,- ^ ! " x ; - !" . !

?vL]1uoonluoqnu5tnun1.!l0t lu1n1uryu0[ayy]'Irul r]Jo:vouu'r 11"01.: rnuuln na.!n'r

,i
rvd'lrLfiudn ornrnqyluarirvl.uio.l Arr tnlet fro^r1{tv6'rrfiurin rir1fr Siphon,c Ac,tior uqer

a.: n'ttvn{'rul0.:ylo?yu1Lu'rcJlrurta{ [nuoE LurJ0r
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n1rrlrrriuHan?riludad{uladoil

t. Ctir
rLlJFt'r1llFrO{ nlrfi1nru11u5'1u10.:tJq'Bgn0 o1u't?ttn tylflnolflgn n1}] unrNo

, "-,a.,!, )" e tr :i" ,.,!
tnl tunluu trtf,.ryrnon n1f Ltnlcy rflJlto.iy16{yl a0.rn1? turgouq.! !tl Ln Ll nll n,t't ! (,t u.! 1tJ 1to.:

i.,
fitt!n'lfln.l1ulJ6nfl111vtn unonnfl11nlJnn1lv9t'1.! "t LtflYlJn11 111.: Lu0to.tnltqYtnutnu'l L,l

4 ,rr -"-" ' )- rt 
" 

)fi1r0lotl anuu tull?yryrPlvtYlBlul rtaeq{ tuut?o{n1?outnB[ny6.!,]uylrylglnmtr nlE!

hrlq !v i",- )-t . --LZ - )-lll Ufi1nru tt}r lU'tl?Vlvrflvrn1a{11lruu1{{rnl1Nno{n1r1Jqqfl1u1\uJ1u n0 o11r1, rrnJ }ln
- ,-tr.. tr . J. -olPlU t'lluoUOlt [tnn n1X Ltn n trx [1rR11tJtlu tCtlnvu?.1 LfJ LuvttvltilntLto!6nrlinnolJv]n1n{qv

, ,i I - ,! iu:ltulnauhlillniu Inrrnrmn rvrruu?olnelntr{nru1uu6i{il16i1.i 1 rflulnxrtfi
rrlrrll.rLo'rvriflrJlnrrrilrrifi;r1'1fr1#rfiorrJrvlutriql4n unlruv16eorTunlrLfiufrnillunvn'r,

- ! - ,f , -ir , f, . r" -"-^AlUU1tLUn1riL]AflUtr n.1firfll'tr1tlyl:JOq 1{OlSX nnrYvlUvll.l rllUfl'11! LdUlr'ltltq rA{UU lU

. ; -, i,r'
n1?11nLr UIn r.i nlfq {c 1L1l un 0.i rlnul.Laytl?v!! uhn rv lutUltovr]n n?vvrllvrlY Ln 0:llu tL

.i ,< , ..i a , ) \,il?ox 'l nu rnot rg! rvrgunurvu,rl.i u,ilur o[n0nr]1{:l 1]u"ro1r0{ nn?Yvllrvrgz Lasvnon

aduufi uqrunrrlfr'olnr:tor:lrvtln? uionnuxlufi ittdrirr.auni{lJo

si4.2. ru ld{u?nno ua3621uno{n1l

luntrrrg:Juuuro{IFlnnlrrdoilorfi'uuavinui6nrfl d{ rlodorJ'l{n,trlnor:.t
l,-no{nltuu elL una'!q1ttuntunrlaYlll.J t lto.rdn1vid.:ul0no rl1xv]Flo.l n1? Llnou'tr{ll0

nfl tdfi r:1ryur unyncu fio.: ntd'.:oioltld

't. n1r{0 1uarnl1xoulnldurd.rdud'ir.:un;ur,lni.:rlr rfiovirlflufir{ndou

radsulqlurfio.r
r; - ,l )2. nlmutnElrov0.i Lin.:6n1 0rr n1n10.lttlJu1 vl'lvflu [LnJ 'l ll.i Ll'{o

6161 rtuv rvlumf ua vnmrimlii nro.r dor{rlr un y{n{il1

g. nflo.:vwrnnr trnrtrF nior{ourunv{onradr':r,filrlrrdoatn A,sfilu

" - *),
tcovlfl I Lutfl 111ufi y] oto{n1?
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tta
4. ournrJ[6yA.r lcI.!fiu1y{10.t!1n[ u1 ttnJlu8{u1r110n']?rfl lvlng{Tr1l tLoY

0ti1u1

-i , !
5. ou?nunqlxfiefl.!1 v11.10?r n1nvrficu.t'rr] r{u ulnn u![?'r [nvfl']vrf1ul'J

.,i , -,.Jrvtonutuun{ Lotunx

o. rirnr:oufnrfuuai.rfinrlimuomurriu nnrudmrlhrrrund no.riir.o
.)

ilrv{64^anf 6ro^cqvrfl udunrruqrn'rrr'[dur.rei.nir un yfi ufi
z; a , ,i7. tn!rn:rlLtAya.ilLll1ryr t.! LldFr{ttaylLuFleoul.l nltuln urll]a{yl1.l6lru

ivrar
-)8. inurantrfi o{o'rd'rao.rfi tun;dor.ifi rulrynrtri\iinrr4rxr{u{ rfi orfiu

l{q fi nm uavulilnr.Jrvlut{dolil

g. {ornmunvncu.u^r*',nru.,rl.hrhidrn'irurn:Eru druir.rliltrludru

rir.r f i'llu:lnlliutlnvoulnFt

I 0 inu q run ^fl rord ufi 6u1#a tr tnliur r;rJ q n raiol{:Jrvlstdo drr iilrv
.i-6 En1 lN [y n1?[flAll tylr]]nn L

m nn1.JrJ1111.r nUr1JUfi lUtrU'l110.Il ruU1UnJn21}J0t0.! nlrrngl nLf,n1 n.:rtco

" ) av
a0l.r ttoy[tJ0 Lnvltl'lJ0.tlJQlr1Lrn yflu101lo{ nl^:] no.ln^rLta,tnltu1 Lll elr 1ll nuI1.ro'lu

ra:u5fic uavncrrfrornrmardrnr udq6{yir ntm.!trr.rulrrrlnrr'[rirurry6rorrrryriunrrt.l

da.: nrt Infl fr qlerur:cl'[rJ6lrar rt mnr:crlln:lnterrrri'.u,lra dol

nrr,iruun:lruur ua;ncufiornratood': rr.qods,.,nrl.rrmfi r1d'hiurn urifi fl rn

fi6onrrr,ltlBrrrurdu rrrrr.irfinrrrfiornmanrn ruayn::ltrfiro.rdrdr uril:r.ry'nr:-r
. L --'[doeirr.jriliurrunrrrrio.lnrrfuiGrrrurvir'ln *ayqy ryfiuraior,rr rurinto,:r1c7r,l'runr

. Y ,i.
ncrufiornrrriuoeir.rlrrfrorItLr't{ rynounr:,r':lnr.in1r a{fiQyduonhiyrrrulfififrorr,rril

dolnmoylrrrnn.jrriuluuriavr4orfiurdu rr'rltymrotumuavrnurfluo{ro.r :ytrtur.r-

nrcrldr6'ryrrn n.jrncu fio.r nmdr u,: r,d'o dacu.rrN nrr:.lryrfiuruanv'[#riyrrldruorum

runvnrrrrfluoqjrrnn,irnminurAntrdrurndol 'luyrlnxriu{tifrrurnnnryidru.rrrlioui

nrrrrldrri'cgrrirrfiflruSorfiucialriramnrnr*ginraltrfi nr:lrvriucvlfiilru{ntrir{u [u

nr:ctu ulnxnm rflufiu
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8.3. nlrrhrrfiuHanrsiluiod{uradoil
'[unrli ruununycr.:; ruuror utulnr.: n rrrfi a'hirutJ']ra].JrYufl(-x1r' ua J

.:.intu fiornrtdnrviRluoodoriuo{flunmdryun trulru Ioflri'chJlurluqrounrrrrlg:J uuu

Inx nrrfr tulrvfirfiurrrrcyrirnrr:.lty ifruarn utvynrrioR{ ucndarficyrfiniurol uaruriiardo n

i{#rr,rr.rn dr'lulrcunr:crrln:lnrtriuc.rn.rrnnlr:lryriurnnryvuriodluondord 1{rrfludu
. ,,'l { x},

5',ru tunlrul Lfi6uro 0 ?:J [nt{ nlrr]0.: [i.rural ornon [n nouqyyllnlrfi nlttul rrny,] tnrlyu

lnr.: nrr'lurTurioLl
)-i.

LflOn.l'rr.r?{yfi?n lunl?llryrlJuBran?yru0|0fi': r,r1n60l.t n1?yis1trullue 10.:

ordtlevnou uaydcu:Jrynoudrird'ryriord.:ucordor.r d{ursnoontfi + nrjrdour{u6o orrf

ilrvnaufiruirrrttfivrr (Ecological Componenr) or nilrvnaudrunlunlfl (Physical Conrponent)

o.lrirlrvnor firu{ruu6ir (Culrural Component) unvorrirlrvnoudluanlufivfnrioulltiflulq
" ;". g-

(recrealional Component) vTs + n{rfrldnsirrtr tilunrriruunlou U.S. Water Resource Councll

.J
ruriqvrflunrdruunndrrfionorru.rur:nr1u:lrvuflttuigor$nr uoifiaurrnl{rflur,rurvrr.t

- i -tr'Lunt:..l ryriurfr sc f,rlfr 'r uco tiorldri'rirl

8.3.1 Ecologicalcomponent
i 'a,- i. " !d

olri:.lr:.nou mr'LrJfr.l11runrnao.:6r uco6or.rfr i nrtrr d r 6'rg'[unrrtrr ururrr{zuur
, B Za-i A -ltua.iulttny uvrnux{ tnul nul.JnoluutlFlu,tvtfll unnnunlvl't.tutcPlLcvtfl'lqYrvu ll !u

n0u:J1u10.rt5 Lru6lrJlSntvnluunljuLou{l.J0'tu1q tunl?no6u le m.: Lrn nr oullro Llrlunou

ro{nlranullnr{n1? o{ri:lrynoulo.rilrcnrfivrer.triqoonlfl u + dru do
.i rrs i- i

1. lr n{{'lavrgl (Biological Resource) t{ ttrrLn tlun{v]riluvrofJoldutlnJn'rr.l
1 '-.;v -A -i rr

iiorro.ldm,iunvfrr uitt'urifrfiorournuruo!rnunnvurwrvu r{ nrrrlr;rfiuln nrvttu'rvvir
..j

nlrAnul'[uuFinyneirilfrsrnn:;vrucrnla?.r']'r?rioorcrtlnvn1?drr.itinrt1nfiosrfr {'Lrr

2. rruui12rfaral (Ecological Systems) ldurianrn6.rucadorfro{?orl tj'2

)) "" a ), , . B

vlLflu.lio.taLlo.lfinrl]ulftlltava,]'ll.lf,cfl.l'lu ixu 6n1fl0lJu1 1ru0.:11{ yra}.t tnlJLrn.: Iavn1u']
,-i ,i, .,1 -"-d1fln'r'i 'l vrrrtlo.: tlfluun{ nltr]lnflurrun{1o.1?Yultur'rPlu'rvrgl r1Jo6n1 6rt1r1'ln lunluuqn

rirarfla{i'.r1ur nLrn:nnn'lvr cvfio.rfinraosulfiun=rlolriutrnn:rvlulou6x1nx
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3 ), ,3 s, - z;, ,3;
3. ?{Uyl 1nll U1[[ncylQ {Esturire and Wetland Area) n0 fiUflUlnlI U1n.:

c, ! , 3d : . _i,. i -i- i. i ,

LUU'€g n0rvu'r1.iu1lnLLayu1rnl] unJmq Luyruyloulnn'r.: "l ylruu 0qalflu1ro.:0Fl1rt(ry1\n
,- : :"
xurl'r11c hl

3d,, - {t.,J.j4. flul4 1[Ac6n1?{6lt n1n (Wilderness and Natural Areas) L0unvluvl
q q rr 3 ..i )- y" )6r .t'I1n U1l,U {tlll u1fln.Lnyou "l yDt1yflo{[nLtn19lttnvfi.rQu lt t 0r]111J6NonuIo'l

6?rut1a

8.3.2 PhysicalComponent

olriilevnor drun1fln1r1m fr.: prun'r ra{A{ Ll?odoloir.:1 uiu dr ornrn
ii-
T{Uvt tru t6u.t A,r1}.161u.r1ltFr'ttJ6r? x'r El rrny6nl yn{orrulyrEl

z - - td4. i, ,

arun11r10.iu1 lrtJ'tEln{ rtu6!1]0tFlluLFll] n1flr]'r rLn;fl.i I,ttlvl'uviluefJ tu

rjr fi.:rirdo rirnror unyr.lr1611 6'rc:ri1nr:in1ff[uglaornorrru!'rrdx {i'rufiJnr:'[{.rru

ruriny:lrvrryr
a )a

qrun1 01n1fi ulJ1u0.: rnnlc JnlunlunlntLnvrn lo.i0lnlfl n.l un ni'vvru

traa
no n1?0 1 r.r.trI 0110.! 6.1Lt{,1 n

a omlllytuylou lfiJ1fl n.r n u6 !'L 0ln 1u tnrJ n1fln1yt Lrn:tnuvrr?r Luoul4

) e - z ) ; , i-
Ln .ti€'l duoxl:Jlyl'ryf, lno.ln=ufr rfr on1?,1 1y 6 n Lrnyfr finoldg

i .r
nrunlflvll.]o':tliuld Uisual ouality) tdud dcuin n uai.rlortro??xxifi fiFt?1!

A ..,), , i- j"
fi1u.i'l,] fufltu LlJuy)lj?Yytu l11t0.tNu:fB t nnrYytlryltn nluLnunlryllnltr ?!nlu[nyLntl1

LLJ^J']tiao1ucn L,r

; - .j,
$un{f ,[u2ytuln{LLurlua{ut ur0tlun':Lriqn{nlryrEJullto{6?rutyru1y]u'l6u

. ""- i-
Lel'ta v L.tr H]urfi n19lulFr,].trJt

8.3.3 Cultural Component
, if,

ldudr{cutltvnorfirfitLrriulnt.rfiSr.rnol?nilqrrti trn1ufi Iur.ruinq

fin1llnfln?t! rtnviruuorallri'r.r 'l olas;uanoontdrflu z dru 6o ur,rriryr.rl:rarrun d lduri
-;
'tnnvtLnFr{ LuLuu nlrn'tt.i1ln 0'rfl1I LFrt.]11.:110.$]uBg tI1fluqn't'i 'l tuonn [nJRun{vl'].:

' i'
lJ?J.rFrfl16rrr LnLLn uun{tldn{n1tun10.!!lrtr11fl.tr10l tr.l0.itnl nltyroJu1l0.lt5trayfi.!nrJy]11

nrrtldti'rulun1td nr*rynrrlrvifi nrani
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8.3.4 RecreationComponent

tduridcurlrynoufi nror.rnrnu!l6sullsi.:rir ritir ryrnnr:l tleuro fi rfifl lffi
- i.ira .J.r - .;- ,

a,lfl{1}] n1!0t5}.t110 tlnyfluytd Lltulyl Ls Llu4nluyt{n zuoulruou [c LLnyn,]1! LT{a o Ll^iiu tl}.J
r h ro a

vl.llluyrylrq[11 LlJt]l ruunltuaynu Ftt0.: tltoourn$ tar1lu6n1uyl110,t tytEJ.l rrnyflnil0u.rfl,au [nd, . -- i - --- - -

L'!U Ulnn n1 l'tnJ 1 Iu r]lu0ru

8.4. utrarToj.luntilosliu

nrailtytfruna:l:yluxftrnv,Jn nr;vrl riod.: uc ndol.tro{ln r{ n'r rFl't}.Jo.: Fi

,i
:lrvnou unvrhu!?yno!fr n6i1e 16'ril1rnf1nlr4oloetlt'rlucnrrJin niu :.l3rrru ranmrn

unynmr'hiarrrsn Lolnd!6u!rld 6.r'runoG!rErldd{fi

tJiN.lru (ouantity) n1llusautrornrlJfri6.:rutoltnr.rnrr rrc:rirnr:ilrvu.ru
i -lLru6i.:vriflr.r1nlnflc flidr uondor.rlurrrinyo.rrirl:snorunvrranr ro'lupJto.riordrrin "iruau

- t.i -," f r,. 
"irrru rrayffnrufrfrEori!1duay:xr?,r rJrfielr 1fr.:lrjirriludor6oroonllrflu\arilvn.r

nrrGu

4rxn1v{ (Ouarity) rfionr:ua rx zundqn fio.r nlrd'oAuqrun1lrflo'l t,Luri.r

vrtvlfl't nrqJno.:vrlnlr rYrrulrnylrclrrul tullnavluflouvtnnll l LLnrru nl'lnluuo
, i :i "b -srln:jruliudl rdu 'rrrrslunrumndrrfia'lffluiqn'rrri1.! 'l Lrayxanl.lvto{o1n'tfi tflufiu

'.4nlrrqLrlr.Jl0r.r6al.i l rualu lLvro ttlJtJnoLnlt q'1rru1 n1?:..1?v$]ul.tn nlr1IQ'l?ru1n.l

-ii A ^ i - ' e a<, t
rlvlntno16r'r.! ', flrn 11o{LLaJvll Lx4ur1}\rf,o a{n.!?vFlun1.i I x{cv nno{rJttuFl tu

"iaY^irln1:iu rra;{fi fi *urtirqvli'vrintrlnrfu iliulrufr nrmtnrortl'lflduavrfi al{udrcvd11#

qrunru d1^.u.J1nrioerfier{10 n1ru6 n.i rJan.r:o;urfl'lurfr{ rt,6eu rfiu!or.lrlnnllrdrfi,a{r,rcr n

. i- l " iitn'{nl, rLAvdnlllvlLnfilU lunnlUvlOU 1f n1?UAYtvlnUP Lunl?ltn?1vvnl? lu AqnEO.l tt
i -,. -i..

n1r1d uaJrioiold rfro'Lria'urrnionqrri rnn rir.ifi'u ?yu'ii{In?n n'r?Lfiordsnfidot rrrr uav
, -i - : i c ,i.

rrnril{fr !vLfr ofr urfr ohiilnrarnreluouro n

a21 1 (1'lrorarnn"uf, urnlfr (lrreversibilrty) vrinfl 1nflJ'r.lotl1no'rqs v(ry

L rrnv LrJ61l]1fnu1nnu 1 tt Lfion vanclnnn6u 11011[uL tnr.i n1rlta1 txu Lunt dtl'r0'1.1

" 3 - "-!
rnuu'r..DL'r Ll,r3Jo.iu? un.i rnurindrudrqvhiarrrrnr ourruai1liufruNr'Li-lddn rflufiu n1,

lJt:r uirnn?ivtlt tun:ruuncl?tu1 nitlr l tl6vrJo!.]rv !u5uvrt,lrrl!qln rlun{r?v{ u'l'lruu
"- ez
ri.rflfruoqjfi'r-rffir.rruLLaynxlu fiol nlrluuriavtfinto.:rincrnr vivrflrnrLr.rodr{f,1 'm0
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Lnoourj'ru lo 01n1t?t't.r1jry10rf,'rfi fl? o'rcqy ql?u1rnnaufl1n L!.loinyl LulJ L0loa txLnnn,tllJ

L6UU',luttnYlJ Hn nfYyllrrlnun

8.5 aailrvtatfun;flanrryruriod{rr2ador
, tr . a" - -a ) ; . , : -

nnrvvl'L0ro6.r LLlnnouvrtllFlrlJ nno 6'lurrJn tng,ll0.:nun2lur uoq!0.1tl.1!

tl,lx.llyn.i a 1n'i!uDfl t'.l11i n nryyrlruuxtllnuoutJrtu tonn1u afll.i ttno iiflntyyt:.lqo
: . )" - - -! )
6'r tLx0rnoxvltll FtaJlJn,t'tIldl.J ufnununll no.:n1flo{dnnilttu1rfl n{uutflonll'.l nr1.,r1Y

a!nmfisranlln;1rfiorntyn'rd.:nrlrlnlorrYrranrsnrfirficriu u6vuunoonclnflurdo
-i - i " , i

ur n rJar tn nlu luttnn J6 nluv]

Inr.rnretn :yvrufi nlrrduorcfr q1rtu1l.rnnrvvr!d'ruanilrvluxfdo{.rnx
,,.

unluutYnl tu lJn1fll?ljjt:y{u?l LAflutylrutntltJyrlu ,io{rluu1yt2! lJu1 L,itfl0n1t0'J u]0

-ullnnr ar6nntyualr,lfiru{lrir r.iiuilrlncurryrrirriuuuziruryrdsldn{ilr unyrflunnrufi

r{nilouutiau'[q f, r rueirflur.:druorqcyinluflho.imrurfr qld

ru n n rvvm Fi0a.i ur ndor.rdrulur;jrvrf orqr n nmrioairr oi'c riouunstjt rffurjr
A - " i ; . ) ^ i u,
n.ieYlJ'rnurouorJ1uofJnunnl111ro.16.i rr?oa01]noufl'rrLu Lnr.: n')r rJa nryvl!vlollcirf oluLrl
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Z ;i - !
1\UvrulvlltJ [uo 1{ Lnuu'r

-i,-qcp rfr ufr oqjord'r:rolrlnr un v{n.irir
-i,-4ru r4rJreqal fl slro'r fi n1Ll1

c,-qcurffurL nnu,
a z )^

-{ru16nfl uvll_J ?r?uyurl'r

-ilryioranrufr vrr.rilryi'fi arnnfunyinnlurrru

-u1yl1lJ ttu nn no n2yl1.:fi ?ru,t7tfl 'l

z. nrtril6euuila.inryrL6drvi'ruriau
i,

-a ofi o!ioldfl tr.lr.l nr unvdn{rlr
- Y" . )-nn rlJ'1tu1 lraI1fltI0u

-rl 6 ruurJn': 4 runifl la.ri'r
a t )- , ,

-6 ry 16rfi ufi fi'n il ouudou'lq

!o.lu
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-6 tu rfigFrQl:t6 e B{1rJ 1',rUVr rluul
-a nfr o {o 1 n uro.rdn{l r I ilr

t,3. nolct.tn1?o flttfJlBnul'tultt{untrtnyanr:lr

-r arrmr nrrrhuyn.: rfi ocr.rkiao.llnr

-:Tormlntriuyrr lirtLdoqjla.:{n.irlr

+. arnnrvuuniaqfrrlr:ryrn

"- ! r,.
- Lufi'tlJltn!o.! LuuvrlvrFlu ,nir?u1 [n

-tr - -l. zq.in0fl ?1{rnnnutJ1n1]1B

-io{roElo.in^flJaduunyn r:r[.:lryn1Bs1nn1?rio6H1.l
a -r - Z )' . I-tnon?1 [t\gu'1fl qlnn']?tnafl )1uyla1.t Lnuul

. ,i iu
-4n 111'UO.rlJ',r uJ n fl u0lc n ntyyruLl ?,J l ruul oluyr lu

,r a n ty yr u li'.i 1r ! n fi n ni r c fi u r.r o d r { 6'u.r 1 r n u n' n rA u.ll fi uri r r.: oei rttri
a ) ',-). . -rf,fi't,.llfnunnLnu I lo n.: noleqyl.l1f'no qr6 ntyyrua.: tnnl LolJ n1rfl nulrlnyull6yrL?t}]1J6u

8.6. i6nrfllrcriuHn
.tr

1l tu111614 CUm Lnfl114.:n!n1rljtYr!Ur.Jn ?v LtltULLAtuAnfJvlUlO.lfi.l lt?rlnO:.,1

fi6o tilaurrnrl*,luriufroi.ruun rlu? io.rMruqficunvfi'rRulfi 6r1vuo{d.urrodo!

cvfinrudrnr''ryrvci'u'loqrndr{iou4ohJnu6.u'rnqorrfiEr':1n {uot jriuanruvnr:nirfivrlvuri
;"

avLLr,i{ rayfifiunFta.:{filfifurunn?vyr!uio rv{'urLr{ru?.rN tdfi{u-liaunnrnfi.rucndorli
) a L-- - "!r1rlrounun,11li6?u.r11.1 i.:sy n'r'r[.J61nru 1nuoErr11u.t Ln luoqn flFlunn $a y61fl n 11Jo.r {vr

"- .;d -),ror uiu d'rriu{fifir.rrirfr:Jrvfiuunvd'nfiurfifl1f,!fln1flro.iA.! uo ndoll6{fio.:ooriirrlntn
-i - Y", " - ! - .).,.

Fl11'.lqf.:r4Fl11 n0llnJnltn a6u1o.i rtluu l,].J qn Ls rLnvrluvtuoltrlJlo.t{oun tFl

tnflilnfi udr nrrilrs rfiurail:vlstritra vr.rn n?v L1o.id{ ur ndorcvlriLlr;rfru

oon 'r'lu? 10{ Lfl?u{ncLLard'e fiu urifii{oonriulr{nrnirdulunrnin'firnfiulurirunv'[u
a.,

- - f . i
olnlnSuLrt{ Lnutvn! nluuo 6r.:qvt:Juount'rEFtor.rar.ln nnl:rnlrn, n1rlfl1vt6g{nfl{d1 oio

rrlutiunrfirfi6i n olqsvrlryrfruruanrvvruoonr.Jl'[u1rJd'c riulavrnruSficfifior4rp rfitLJ
.i-,1

rf,olqr nHn zu6 noirn.r ua;rirl{^irorlirrJq.lqrunrvrto.lrilunvalnlfllfi6du o{1'u*d'ufi

:lnoodurfludu



165

";'tutr.:v,nmarfr ilrurrldfr (6arduuny{fl ulsvuLnlnlrvrfr uzuanxrufr .r urar

nol]Iuu'l Lt Lofl1{fl'lulrJauul Paramerer 1nfl110{n nrufl11\1ro.16.: rLlono:J L,ullllllq r:ru't

' N c - !-, ,d^-" - .;
0u1.: Itnm1 Luljl1LUUu.t LlJ!10 LfiLllUytu0 tllnuL!uf,1nn [11t']Jl.tnnJl6ru1.r'tifi]Jnu

dnl uloldor Lroinvuil.ldumnri'r.r rTu unri6nrrricu'luc!1{ryrnflrrnr:rlryiiulorunrr{orvri'u

(Scahng) 1,llo Luuluuntllurin!nYrLuu Lnfl n,rvuo:JqcuFtl.l 'l rtnflllon .Lnvflulullts ltrnqlJ

no.illsA'uri1r r rveitiu'hirfluryur rfionorrrnyoln'[un^rilryr,iL r]ryr6urirdrurorfiiirnrr
-rJr.lrvrluiho ryoior 16r ni6frrurr:arfif,rur:n.lro *u nuflyLLn:r Eru rfiurdcutird'rga anrr

.i-
ll,ltFr tquLu].r't J6u nL l'at{ n1?ytylc1tru10fJ

d'rotjrlfi ua n'ryir sirfl ui6 nra..l ry m-uanrndl *ro do rulr ril.r 1 fi uric tr.: ru

6t''t.t ..1 v Lonluuollu Lt

1. Water Resource council
, - !..i ,

,t'tfl.inlfllrvLtJuurltall'Water Besource Council Proposed Classification of

Environmentat categones'rlflnlrdLlryfiuuu.roonrflu o n{r.rluqj 1d.ruenoonrflu ta drd'l

drflfiu tuurinydr6'ur-ltynoufict'i $11 ?'rfln1rdoe dtrfi.rldrfluuuoyrrrlunrrirnrrv'f,

WATER RESOURCE COUNCIL PROPOSED CLASSIFICATION OF ENVIRONMENTAL

CATEGORIES

Class-Areas of Natural Beauty and Human Categories

A. Open and Green Space

B. Wild and Scenrc River-s

C. Lakes

D Beaches and Shores

E. Mountain and Wilderness Areas

F. Estuaries

G. Other Areas ol Natural Beauty



166

ll. Class Archeological, Historical, and Cultural Elements Categories

A. Archeological Fesources

B. Histoncal Resources

lll. Class-Biological, Geological, and Ecological Categories.

A. Biological Resources

1. Fauna

2. Flora

B. Geological Resources

C. Ecological Systems

lV. OualityConsiderations

A. Water Ouality

B. Air Ouality

C. Land quality

V. Class-lrreversibility Considerations Category:

A. lneversibility

Vl. Class-Unique Resources Category:

A. Uniqueness

Beference . Federal Register, December 21, 1971, VoL 36, No. 245.'Water Resources Council, Proposed

Principles and Standa|ds for Planning Waler and Belated Land Rosources, Notice of Public neview and Hearing',

pages 24159 to 24162

2. Battelle Columbus Laboratories

-4x - tl6u ruulnulJ'ui't1,tiu usER rfioldlflur,lri'nrnnrrfunvNrnasru{i'ruiu

tvtiuatalnr.: nr:r{nrur ur,rri.rrir loeuil.!{uio.r'Environmental lmpacts" l{d'.: orrer.:fr'rflil 6't

fi + olri'rltvnorua'n ?,: rs drri'u'luuoinvrirriuuuno?nrflu 79 ?lfln']r n1? rvriruuria;

al oll1v LunyLrulullurllo?L{unn'l! A1't1161Rn.t1to.: uunvn10 or.i LuFt1t1.1
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ENVIRONMENTAL IMPACTSA

Number of items rn

Category

Percentage weight

o{ Category

A Ecology

1, Specres and populatlons

2. Habitats and commentates

3. Ecosystems

Esthetics

'1. Land

2An

3. Water

4. Biota

5, Man-made objects

6. Composition

Environmental Pollution

1. Water pollution

2. Air pollution

3. Land pollution

4. Noise pollution

Human lnterest

1 Educat on/scjentific packages

2. Historical packages

3. Cultures

4. lvlood/Atmosphere

5. Life Patterns

Total

10 14.0

10.0
!u
1b

B

3

2

5

4

1

2

3.2

0.5

5.2

2.4

1.0

1.0

C

14

1

2

,1

31 .8

ao

0.4

4.8

5.5

2.8

3.t

3.1

100 7o

D

4

5

3

4

3

78

a Frcm Environmental Evaluation System for Water Resources Planning to Eureau ol

Reclamation, U.S.Dept. of lnteriot, Jan. 1972 by Batte e, Columbus Laboratones.

b Not counred in total since it is 'desctiptive-only" item.
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8.7. nrtirnflc#untu(n{Bn
f,," ,

16n1?Urit u ovr Lonnl!!1tllutFlf,1f'r.r (Framework) d1.rfu1{1'.rnT

tltvfiun nnryyrtordr uco,dor uiturrrni.r nre{odud'uzun nryrr:roldl *c ndorfinorr

erndrLrnfii'[udruilnr]ayler{unvrunrfiu uriidrnrryfi6ozua:ra.rnmlJ:yriufrldcvfio{uao.r
, ).

rJ6nJqnno{ rflo Lu61}.r1?nao6u tc Lrl

rr nrqrufr li'qiorl"IntLri'rhlhiarrtnn;inoonrr rfl unltorolcriuld

,l.tuuc{! r.,Jrlnu1?6iFto0nx1 lut uljlJnl{ ] f'.iL no n1?afi'lrl]1ru {ouantity Measurenenrs)

lo.r,.lnnrJyruo'rsinoonrrtulrltol:-l3rrruniu irurufiufi6u (U) yr'uil1 1x.31 rrurmr.r

drucuau ,iruru{n{ lflufiu nrrinnrunr cla n:vvn.rrioruuti uav*yinrnoirdmffllruror

nrrrrnolq fruuinlrnyuan.i'l#uiutpunm{nrflutvri'rnvruuu c1n G10 dr o svfirirdrfin ulo
.i - - )4)

LAlytfi n LtnY 1 0 tyL]luryfl:.lylFrylfi o

-:.-
6.r ti r 6-rylun r ri tnrr vrifr.: ur odollri'j rcvfi arn nrvmu rio:'vt tu

[nru6nc ?on.:nr.Jnnrl qvcrnr.rsrdfr.i u,]o60Nludnlvrr]ce:iu (riouilnr.:nr:) anrnfiRrcrq:

rul6flulilluournorrio'Lriilar.:nr: ua:iln:.rnr:6{orcqvtr'uiruril'orn'onunrflttilu ri{o1#

-f,Arrrlrnv{s1?ru1 nnr:vurunnrit.rriuld't'orqu

dnoeir.r'[unr:rrrirarirrfl unreudcr.:2nnra rvfi uclnnrvytrri'aR'.:ttror

ro.r Batrelle Columbus Laboratories d$irnrnlrvriuhifi'L usenao! [nfl,]6
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EMIIPLE HEASURE}IENTS FOR THE ECOLOCICAL SISTEHS CATEGORY

Present Fu tu !. CoddlElons
Fac Eo r llea suremeo ts Condltlone l.llthoul AIter. A Alt!r. e

EcosyEtem Types
CraEsIsnd (ecres
St reem (rnlles)
Lake ( ec res )

Ecosys Eem quel l ty
CllrlBx

irasslaod (acree)
gerlanda (acrc6
S tre.m (mlLes

Subc]1tnex '

c(sssIand.(acres)
l,le !Isnd! (acres)
st ream (mLl.s)
Lake (ac r.3 )

Dl scl tmex
Crasslsnd (acres)
Lal(e (acr.s)

Unlq u€nes s
Ares (acras)

r0,014
1

1L

7,08t.5
2.5

1,057

6 ,896
2

j,251

L0 ,059
1

57

zl

r20

50

77
70
66

70.5
60
0

61
55
0

5l
((

5

I8

55
62

5

l8

50
45
2,5

1,0t8

48
28

2

I,751 r

9,945
l9

9,419
5l

5,18r
39

5,955
l9

27 21 21

120 120 r20.

s0 1,500 5,000

Educ. 6 scle ttf1c VaIue
Areo (acres)

LeBaI 6 Adn1n. P rot ect lon
Ares Protected (acrer)

EMHPLE HE S(AEHENTS FOT TIIE ESTUARIIIE ATO
l.JETLANO AREAS CAI'ECORY

fsc to r - lle6suremerts
P res elr I

CondIllon9
Fuauro CondlElong

tJlthouE Alcer. A Alter. B

E!tusrllre Arcta 0

ll

0

IO

0

l6

t

0

I6

l

g. t land Type6 (.cres)
. lnl.nd Frc sll Hesdovs

I n land Slr.lIo,r Eresh ll.rsheg
InI end De.p llo rsh€ s
In l!nd opeo Fresh l,srer

P roducr lv I ty
l,l.te raoul UsG (No, broods/mL

Educ. t Scl.nrlflc v.lu.
Arer (ac r.o )

I2
I5
20
70

l2
26
20
70

6

t2
l5
70

I
6

11
,0

Lo gol anil Admln. ProrecEton
. A r.e PtoEocaed (acres)

2

l0 70 r05 95
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nrtirRflcilarrnrt
(Pro.iect Analysis)

9.1. dtir
ra{':crnldrirnr:fi nurnmrrflu1:ltdlo,rlnrlnt1udruoirl l uiu frruryrnfin

,;x.
n1?na1o dlnt ttnvdr tttrrdou unv{rrrir uarulnr.: nrt (Plan formulation) Tuudr riounrrrindu

Y " --./ ^Lc tnon9rlruutlr Lnr{n1Dr?ooutln [nr{ n'}ruu c'tr u0l0{un1ra rn:1ylilR?nnlr o1un1 .lu
)

rLnymUrJnClo.: ln?.:n1?t?!Bnou Lfl0rltlcnOUqll AC'lnn1?nn1lu !n?{n1t Llll,lo'l tlO

. Aut- " 3
urJ tflnuno! Lrlluvl LFI _Js'ln LA?.1n1?uuA nlu:2LN[Lay lnuofl tylfl.l to ulnHn n']r'l LFt'i'lJu

.4r""- ",u - " Y - )
oo n,]"rlJr'rn!r'r ilr-ul?y Luluu lFtru trJnrnl urouoti rnu LU LFI?.i nlruuolqeyq nrJ.iu160LL,ta1

nlrdlrfiunl?oontrl uSoffcmrur16onlnr.rnrrfi6ufihirrn:lrvlerfnourLyrutl1nn.i1

nlt.ltFr?1Jl, lFrt.:nltrtlunl LltuulylU1Jryu11.:n1n{ylu (lnvestment cosrs) n:.1

..iu.- : I
ararltylwrifrldiurfi:..riu (lncrementat benefit) n'ls'lud,r.:L?n1ri1{'l rtaonolqlo.:lln:r nr r

tnrufl0'rtyrclrrulacunrlryar#sn.Jril rflutl1fino{lrrxnrrl'uoriri!ur?1{0 n1u (Criteria) fi

^"-n1UU0l t'l [!AYtu']14tl1fl 4 n10,1LFlr.i nltUU j

ln r.r n r:rorflaur n1u qjfi i rfl rurrr rd o nr rr[ruur rdo nrernSrp rfiu},rrrr
. )- z 

'diurarusnq cvfrcr:rurfr.rr.rn r:btdmauumufr riaiuriorvur rnrusfiqlofldouro:.uro.t

:lrvrrrtrfluun'n IoulriFrrilril{.irrrnrJrvlfltdfucsoqjrll{1or rirr,riulrr:.rnrmrurnrfirfrfirflr

"i:urlg rfro rfrrruaar6oiridunrarfruloro.rilrvnlnruSodlu!l,rnourlmrmndto.r rvtrnm.t

n{r n:tinmrzirirgto':rnrJr:Ialriirfioriuftrru d.:rfluara'ifr:.lrvtrnt finturtr{6fiud
a- )aZ

r].i'rllyr1 Lrn3nrun1lln,:n n'rju lJ1nn.j'l rJn rJlertfnaruvrudrurflru{nc dru'icudru

lnxnr:lonturiu rvrilirnrvr{ronlvr.r6ilriltifnouLtrulns nr.i rioln?.r n1?}liod'r1o'r

9ytvr

ln:rntrvirfu

9.2. rnrurinltrJ6aurfi aun'ras4uuarqrarlrctstri

i6nrfi rnrvv'Inr{nrrlnunr:r ?uuriaudrar,4u (atnn ?ylu{faolr uru

" i- i.lo{tA?':n1t rn nflU [U'tr1.! tOn1n1{ 'l n1 'lr01rln.lll'l]ttlLltvluU lrl LU 2 dnlulnl:' nO

.-ir.
6n1uvn1?nifr ' ' Inxn1, rir 'lrifi' lnrrn'r: rinvdnruvnl?ni?vu'i1.! 'riou' fitnr.rnrt'ril '

un.:' Illn?'rn1: i6n1r.irn11Yl,in'rurflrBSnq rrnvn1lL.rulo'1LPr.: nl, cv[n16n']tt r"d truu
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) . i , . , -ivr6n'rLynltnlryul'r.t "li' Ln?{nl lnt 'ht ' [n?.!n1?t.I]uLnru {{cY[60{ a r!tulu4vlfivl

rfiniunxdunmrrfluq?{ ornooorsnmrirrfrunrmo.rlnxnrr dtrirnrfirnrvfril?urrrfieu

anruvnmniriouilnrrnmuavyd.ritrr:.: nrr qy1#iln riorjeylutrinvr6fiin rfioul:lq'rnn,r1r.,l

^."- "- ia
LUUCT.: O',lqqyrvrlnu 1nnl1 u?au0un.Jln?'tx Lllurr{ n In I{ulru0qnufin1n! onIn6v

. , ,^j
[n?.in1l ,].1,110u'l.r flo Lrlu

" .l i.i a i -Lun?IuItuvl tnunrnrrJ n't?nunt nltgol]rutvtR Lu Lafl6! g LurJ 11'u]1

:Jfu rJ1.:i{nntl{ fl rdrr!n.: unlrlc{s5L 1 rfi r.r6u rir'hirorrfiuuuotriuao.:ilnarhnficr
I i .i -, .: i -3-LII}J1ULI0U 1 LrlJ Ll]lJ Lnr.tnl: ?(tJtlnl1llrlJflU 1 0/" ylntl LuntruUtflt1nolqCylJo.l LlrLl',ln')

, t. z )"- i ,,"
fit1't Lnr.:nlftn tyvnu,tiu [u uvruu eyrl Lunlrvl a]u'trt1uLn1t0fin1]?rvt'tu !ntt'lltuu.ny Lfl

- .l . - : - -, : -hntlnnln [uOqlldn1]un?1lnr.l 6lJ r.l tl']'l Lvl ! L'llu 5 7o C.:tlOfiU tCfil,l.: !nt{nlt LUnlr?tnt1y1,!

drusrnilryletilcyrfiucrzuo:lrylerrifirfir.riuq3.:rfioilnrlnraF6a 4 % vlntis:Jtfiuuaa
.f,: i.l i ,

'UtvLtJtUvlI xnoultoSun.lu ln?nnl, zuolllv LEtuv]LllNqvtvll nlJ 5 7o n!!1fih11Fl11u t!Uq?.i

(0eur 9.1)

" -i- i .i,.a v
Lunr vrrn'l?6.rL1tn r:vrluLou Lnnna.:rlu,rnYrnltrlx!10.tu'lq'lnnno.l

- Y",-. , N )
r11t1l tLrrllo.rL1\1y qnnourj1.r4'r yt1 tlrrynLlu'r lnou Lurr a{q.:1Jur:ou "l uruulnlrfvu'lg
Y,, ,i - - . - !,,",
u1lrJoon(nJ l tuounoa I rlnuuan'rflr unutn nrJnqvllourlnn?lrJ Lru,r Lu!non.: tu

6n1flrduflu1nfilnr.:n1?:1fiJil?.mvur.Lri'rrir IorarildsuLfluna0{n'lnnouninrnr{Rr1.rrr u
:-i Ja t x,!i.""-!;

rslrlgu.]vlrurl^ufirl cyd'tx1rnlcq!ryu111?r,)!uLLnyn1l3JU'tgu10fln t1l lovn l1,r?ruv LYI1;

, ,,,J i,.i.r.
!qn LtJLdolJnaunln filultn qnlri0Jno nruaotyt LrrLto lFrf{ nlflJonqlnqy lrJnon.i[n1u'l

lg.. " - i - --ill" inO'lclvl}JTUOnntfl LUnrrUt1UUnlritnfl :Urln l'Jltri fiylfi yltlMl tUnnlllylrJUn t llJX

In:.r nrmrhinir4.i n.jl1udn1fl riouunvyd{fiInr{ n'r, (q?r.l 9.2)

" i- ,i z:,) ^i a -,,tUAnl vlNnlS t'UnUUrt:.ln.iyiUyltUO.:q'lnn1llJ Lnr':n1?Ln6l'llUttn?[tU Ll]0EJ.1l

,".2 )' , '!r.] lnt.!n'}, rnunlnrf,lu t ru t17{uyr!Qn11,t .uqqrlu 6,2u tuq8 tln.: tnBn?nr qnrrylraurfin,r

1,tro14i Lt n.: LrJaa': [tu1 1nun LLay tnr.]nr.rn anoul1{n.:yr rlnr otlLnr{n1ffia ?yyt'rulnnlu

Ln]9n?n ?61l.r1rnu1u'll.J'r !n Lun1 11'r:r!qn lfrv.!ngr.lulrasqqLLn{ rn:Jnrnrc.r runiruxluS n11.)

a a i". /,..'" - ". 3 . -l Ai I .uro lvr t{tlFn{'r{.i L'tru'r1llnrlYlu tlnyLnliFrnr flru tr]4{nu tun:tuuHau?J tflnurr11uIufl

', ")fio rflldcrnnr:rJqn{mluqqur{{n:rdourruldfrrnaldnrnnm:Jqnr.r{r fi.:nrrirnrrrvr.iln

:Jrula'rri4niluanrni un;1rifiInx n'r, cr'lliri.,,oonrrrvirfi'urtnrvrriouLravild{ilFrrnnl, (q

+rlort
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9.3. nrtiraflcfrrldrunrtriu(FinanciatAnalysis)

nrrirnfl sr[drunrrriu rfl unrrirnmvrf,fintrnrvuf, nmriu (cash flo,w) non

-iitn:{n1f noont.l.r L,la1n1{ 'l 10{ n1?cl't ruunlr LItoLn?gt,lu1r.luytu 116,{11rt]Jr1tic'rgn1.: 'l !.t
i.

urvno:Jn.ru n1n06?1.r n1tlJ1r{?nty1ltnJ{ou [!1.] ttnJn1, Lnnur.tutgx0tl}l rrHu.lluylnluun

li n:vuanrrriull4u16uuinrurirn"qilrialnr.:nrluirvfiriurluri'.:railaatjr.lrfie{ilo r,rifir

urnnrrGuarnrir.rorqyh'hilnx nrarfi gyrrrrnru ulo{lrunro.rld

uradr rturluri rr.rfirln r{ nrm yrrcr n *ueir riu4unr u'[u:.]ry rvrR vSoi'rao.l
af -. -l ,

uuei.:mlrTufild 'tunrrlfrrilulnrrnl?roniufiri.tui{ nilrylurfcrnntnrluua;lnar nrmol
- ;diglrnfifi rnrJr;Iatfnourytulosnr.irliu Inn nmzufiorntvunlv{r{r unylnr.:nrrilel:lr

, ) '^" . )vlilUrlU !.tUvlulrllU[l?]Uf,CUUU.I lr lqlnaln ?SlUnUnO![yluyl !Oq1nn']flllfltl6tJOn[nVn1?

r'rflu3n1r"ro.ilnr.in1?fiu dT uiulrrr.inmrnlryyrru'[ur]ryryrRlyu hiinmrfirrirri'n,llorir

u?n1?q1n[nEn?n, Lngn?{ r.lufluI0{ Inr.:n1r(,]u !uruut0yt.tuun !nrJ1c1nt{uwu?J}J1tu

'..ie-i--"--rLuurru tr.r rlJut.tuyrry[nu4lnrn1,r]rnt lu?'!n1:Jol n?10'! n nnmrm{r{uQq1n60'tuunlrr.lu
)--" .i . -vl?5cn8'rty{of, ?'1.i [nr{ n1,

"-
n1rlrfit1vlrn'lun1?L.tucyLL6tt.l LuruuL'tlune L{unln.:ytuvr.llrlJ n tl6vtJn

r c .l- l ,

u?v tuiuflrno:rumo [nr.ln15urotc1n0{qrnc 0ul,t]utuE!.1 !c turJnl?n.l4u$nJlJ qJn n rnlt
vlfiNU1r11UrFl5'lJEnqn0{:llyLfl fl LO?t6lUre A.tg

9.4. nlrarnrlstiytl{drurrtughn (Economic Analysis)

nlrirnfl yflnrnnmdruM:usfi q rflunr:irnmyrf,i.rnilrylatriorouuvrudrdl.,
I" - i-
iu1upJarnrn n unyu3nr: ilfila rirn1tq3ry rfiulnno{ryu! rflrr*Jnelousilu?cxro.r ?yMfl

ourULn'u?n?'rg lorror rvryrRtrfi (Natronat Gross Products) lnEhi6rfl.r,jrarnrl:vlir.I{firfr4
t ,- - i,lUCvnn0qnu{,o Lrlr Lunl.iyrflxr?ltyrtJ1ulJl tn!n1fllu1u1NllrulJE{ltnJ c1?ru1n.inltnrv

|,1,' ; 9 ; 
'1',1flr'ru !0tt?1l.J1rnfl11o.rnlfl rLnn'tyt1.t o'tutR?tfjnccy i}llln,t.txrrFtnnl{ taruntutnJr\.1ttn

odtln
roqtnnrrirRmyfdrurnelrf fr c qvrflut'otndr6'rUrirufililevnou'l:rnrtd'rr

6ulnlufu4nviru"jr f,r nmo:nrlulnrlnrniialri ulnrurrlyrtunltrirrfrunt1ur1c1:iur.r?a

urr.r*1{riu, ,r nrr{rtoro n',rmivrern#ioqlnurrorirl:lfir'r.lrylerfadr{6utv'Ifiiln
.J , 4!1,

Flo:lttvtunnllulz LIJ
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9.5. a21xunnd1{ft u'irrntirntr=ridrunrtrtuua:drurrtn5fin
nlrc Ln?1yu nlun1?t.: ulln y n lutfl r1,JnqN n11tJfi x11.JE nu'lo nlrFIr]du !e

o ,-..,i " - .i - .-)[n?.inl, uort.l6.rf,1aru Innn1'rnunz 1n1]?tft.rhlo.in1m Lnr'rg1r4i{yrna11:J11161ltn3r'l1tr]

?1n1FiT'l{'i1s tcos0 ui;arnrlrylfltffi1dfir {Benefit) dlincrrumnrilnffuualsLhynlrd'{i

1 ) n 1?i ra fl vfdlum ?uqfi cq v1{?r nrd rfl ur,r n rirfi uviqS{vr r-r rR:uq icd.ic vJr!tt

fiorfrnmrurfr':Xn nirla.:yrin urnrfi1t1tJ rirrfistonrd (opportunity cosr) dmmriurfis ,a'qr

,i-
nrrunnr nauriuar'r0i'r{ ?yryrFr lroyanloynalo {6Fi1yr1.i Lfl?uJfrcolciiril Lvilfi'u rln1

no'rn (lvlarket price) lr.mrovnnrnfiinmuri{riuar:;rniuoirirrflr.rrrcynnlq?rihj}J'n1rttd.{'n"u

arr;rni qnnirvn.:!fl?ujirsyQnfiorioul:J fio.:inTarlfurjrtoet{ernrr{r (Shadow price)

.,i{
6'tu?1ln'ttltFl?lvUnlun't?Nu nlrnt'tFt1Ft1 [qc']flLroYua rvtu{unolJLtvru lx?1n1t1i01'lu

n3.r rJrvqtiur {Farm gate price) uioiltqln?nn1? (Project boundary) lunrritnrvrf

2) Liuq nuqu {subsidies) 6r i5 rfl u{iru fi ri'svirhin n fi u1u ( riurirfl rrt6o fi ru
:,

Ftuvlunl?i.rnn) rrnvrfl nul.4uln?.:n1? (fln1 q{r'rnl orJnn} Lun'r?zLnflvutr'tunltt{uqYu1

-!L{UAO UUUNInAOlfl LrtUrluU?OUnOOnC'tnnuvtU fieUnltlIntliUnlUtfl?B{nnn011t{u
,!-"-- '.! e-

qouquuN torilunlt [xv]tl\u'rn, c.i t ululnn tunl?ltn?1Yv uaqJ tt{oalvlLtvlcr.:

3) nlfi fiaxes)

nluvt{vl1l nr{ ttnvvr1.l'aot.t notllun'l, iouLlnaul'o (Transfer payment) lririr
- d .r , iv

}J'lno LunlrlrFt:'rvu nlurPlf!*{nq ttnqvu1r.t1Frn tunlrl Ln?1v1,{o1un1lt.lut?\flvfi0ll]uFl'l t'il

11U10.! LFlr.: n1'

l) oon rfie uovdrdtrvufl (lnterest and debl service)

x . i{ - . ,!
nonruEJrLnvRlnltvuu n0 L'Iun1?l0ut!nuu!€ Lilu1x1nou?ounoon41n n

r:Iflt Lun1re Lnfl:uyr1.t16rB{nq 61un1?irn?lyuntun'rrL.:un0 t1lun't l{c'lg10.t m?'r n1,

qvoo.lulNlauolll

9.6. nr:rircriuirarlu(lnvestmentcosts)
i 1.r,., " ..i .,rr/ . +

n l6.lvt uulr1u n {4 1 Li c lgvl'lu ovl Lil [utn:.1n1:L 0 lv to l.la rln nuf orJn

:.1:;Itndno:ruruarr;:niortrinqrlrvnrriro.:1ne.:nm tduri rirfifru rirrioair.r rirdrriunrt
- f -rirrnr.rinurrior u.r unvdrtlq{en1rardfl 6.i tllud'll{irtLlourt:.ito.llRtl nrt (Direct costs)

! - , ..,
uo ncrnf,orcqvfrrir'l{oirflnreuondurflo.:r.:rqrnzunn:vrulnfln:.: crnln:.tnrrtdu nlxntng
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frufirjryitrqrntjr.rrfiurjrrfludu 6rrien,jr rirl6iruyrr{6ar.J {tndirecr cosrs) drnolulnr.rnrr

nur:nuri.roonrflu r;r.nyrrir.r 1 lfid'rd

t ) rirn.:rlulnrx nrr (Project cost)

"' A,'r'.inaav A- ) - .l r,
noR1ttq1uYr.11,[JA C',tg t'tlty{O Lu lOr.J1{.:0i201n1?Unyrnro.!rn, rRtonroEtl.r

,"- z
''l $gnoon [0a{u

n. rirl{iroluntrl{ruullnyoonuuL (Ptanning and design) rfl udT l{"irariou
.1 ,,,, j jj

{'luno6?'r{oln1r {'i tRun n1?61mq Ftr,tcf,u 11.1ultu oon[:Ju [ayn1 t,lc'tuou .] ytrnfltrto.:

n]J{1uuru't?n'ru1filnr

l. rirriofiir.! (Construction cosiltduririrldirstfiecfiu.nudoair.rri.:ulo6o
) - J a ,f,-n'l'x!rtn0fir'l.i mro{cnrFtro.:rJo n1f rnrrJtJ.:luno(11'! n1?nlunx.:'tu rn'tuulyrutul? nlLLf.l

'!1u ?"lu1i"ri6ff dlfnlru unyo nrniriruran,:rlnvoroioirl 1
n. rirlruuivm (Administration cost) ldud ri'rl{irsdrufirr{rvrirddruou

v t, A^ ,.t.l}ulrLliu r{rurjrfrfrnriodrunmriu nrr tynrnrlnr litdrgrUl$nylhytt'ru.iluriuudou.r'ru

aul
.r. rirl{"irfl1un1s{@ru'r (Devetopment cos0 rflurirliirulunrtriruurd'ru

, ; - i.h ,^.. x ,-:-
,r1.: "l r.1ranuL3{1+u 1fl0 tu Lnt.:n1rfi^:J1?nolLuunlrn{r 1u!19 latr,rlu rtru n'r?erl?:.']yrnu

(Land Consolidation) n1?fi1utln.lfq16n (Demonsrrarron larms) {1ud{163}Jltnyfl noUrt]
,i-r. ri1frduu.nJ,e'lxnria (Land Acquisition and Compensation Cosr) ldrrririrl{

, )v "e) z )- , , i- ., , - ^ .i-
c'lgvlno{ t{1fl€noflnu n1rx.yltlutlnfltlruyn06?1{ n1{rlrxflyrtlluduylnuno{t11J.0, llx
", ".ira{ntovrfl ildrEr6uJ1ull0.:11lJfl , (Settement) fictL

z. rirtirriunraunvillE.:inm (Operation ano' Maintenance cost)

no n1 !tc1flnluflJnlrn1ruu.:1uIo.!la?{n1? ttnynlulq{rnt'luarc']nna

air.rlnrlnr:u6'r lflurirl{"irflilryirfl (Annuat Cost) ilaynoufirBrir{r.r rturdou,rorr(rurirfi
, i a .i .-Ltnrqnnlnr nirrnSorfiornSo.:1{ inqunvqrJnrnioir.l 1 lunrrdrriu.:ru riTinqvr'1t1unt

rio:.r utrrirqsinulolnl?ri'r.: .l

nirdrrfruntto.rlnxnr:duoqjf,urulolro{la:{nr? dudtarl:vurudnurr:

ruiufinrtou nl?{nUnnlnlda1filnxnmnrrr:nrirriunmldadrsfi:lryfivr6nrnmrri.r
nj

1ltlJ1n].:1uylQyr|o{yr']n1?{or.ttriuult{tnlJ1 ?Jc't' o,tu



176

g. ririlc{g'lunrrru6 n (production Cost)

, )4 u ^ "- ; - .J a ..j"-no nlltclurnluou4unl?rJnnyl,:u!o LorlndlLnt?.t^ntrn?o.ix,aytt6lu
<r.in'l?tnrgl.r[[ n{ LnLtnul uny qcflnlt nnttu trJnafiu6 u t]'t?]'t[Na{ tr6yr]1ur.:.!1'u

ri'r'ldi r aur.rrl r; rnyrfi lildlNl A olunr ri ror vr,ilnr ru nr :lduri nir rdrllm nr
..t;J(Deprecratron) 'a{tnronqn? uaYfluylue (sunk cos0 nl t601l?1n113.! Ln?o{enl L}iu1tj1Rn

- .- ig* ),- ,
!Llut1Uq1fl11gLl tYltlynocl LllUyl?ylu4Uyl tn I0Ernnnl ttc'lU Ltltln.l d?UqlullUe !.: lnttn

A v ^ " .jll 
".r " 

) a
Lnr.ia?1n!r?oyrf1tfl6,{uI0.: IA?.tn'tryl Lo nltn{ru ['tJnouLtal rr.ror.Jnlry]'r IF]l.!n1t L risy ltu'l
yrivreifi udcuriurr6o rfl ufiuuulna.tnr16n

9.7. nrnlrsrfiuaailrvtalrinouuyru(Benefit)

zunrlrvfuuinouuvruu rsfil n ?ylerfarifirfi!{u vd.lqrnldfilnr.rnrr
- i -i- irfrniuudc ilailrvlu{dnouuyru?r-1fr Niuol! r ur.ra rykr{ nou LlyluTosnr.i riolnr.: n1ru6o

rfluilnrlr:Iflrfnouuvruvn.i60 driri.rfianrfluA'rriuldunyyrjhnrflud'criulriUd.:or.iusn
,--.!

oonruull?ylnyr Lury 1 tnn.ru

t ) aailecltlldqauttru1oant{t (Direct Benefit)

lduriarar.irvlatfnvr6fi ldfurfi rl{ucrnn1fl 1g,rn riA n unvu}n1fl o.ilnr{n1t

u^vfnrinlrldilrararjrvletilIns r'r.r uioorc rfluilnrlryftrtfd rdrtuludnuruvao.:nran o

- -". ",tnrtdirurerfild r{.riuoqjfrutfiaao.:Tnr.:nrruiu Ioe':nrrrfinnryuah',lflrun:ri'rrlryrJr run

-i: J ^rlavlctffirfrNiulnsn:{fi6o nrflrflly{fi1 rirrl:y:h un:uir.rmhiniu{l3tnn lnnnti:lorrlu
z , .),.- ) - zulvr?lJ au?t lfltur lR?1]cyruu:lnnilo'r nlra nn'trf,gylurqyrnnluqln LrJl.r tnr.rn''l, r:luflu

druiulnrunrmn:l:vvru nrr:ltvriunirorsu*vrufi 60 ?1s1d6rG q1nn1t'rlu

^ ii I " tr
Hn anytl.l n1:lfl:r0fvl tl\]lltu n{q']nr.t tn3.: n1r[ac n1rt11! ar]ano1qvrl lnualflantiuJtnu

nmrduarnar6orlug:J:roulhrru i.rlfiqrnnmr,rufrufirnr;:Jqn rJqnfituora 1 ni.r {crop

- ti d l
lntensity) firlfirua r.rh or:trrfir..iur.r3o nrlfil:lnritrnadn'lugrJ'ror nrrrJiu:J1qrunrrir dta

Y , e 6 crz., - .jd 4 nv
n1, LtL n n1'vu6n tlnvr1n1?FroLqtur 1ruu.0u1.:8nn0{ vrl tl, torJn arlr q rlYln lrltj to

z
?1n1q.! yr1 turJnnourryru({nu

i . i::
uonc1n rJnno'!Lrytulo.iln?{n1'fr rfi riiuomnvoq]lugrJaolnr:{nnr:r rdu

) t ; . . .i -i -r
nl?tqf1{q.!a1{rnu a nn lanlflr1]or?n1r1n1{.:1u n1:lnnou0lflarorJan t xlg LurlnloouvllJ



11)

11n1{{n.j'r ?rlli,.ln'uoofiurunl?irAfl1fid1n,tuiu nrrl{rn6ol{narn?orfiofiriufi fg ntan
nir'ldirs'iunrfl udl r,aynrrnonrt6rgrdeto.rfitrn rflufiu

2) aarjrvlstdnrldol flndirect Benelit)

t1 ! , -i- I - a i
lFrun a ?y Lusuv[fln1nlrytuuanlnr.: n1? Llorllur.]n6 [Ua{rJ1c'rn n1t!

lnrrnraudordu rdolrrrlnrmarlryrrurfiniuudtir'lfic.rnrfinnrrrnufllfiuiu6.:fifiqnrru?o
s i - * ,.-; Int{n'lr0uLn01un1Ilt1 Nn1?6r',t.l L?.ii{i11 lt{.rluLtl.Jtfllo.]1r1?ricn1ruud.: 11u tfrryrl]lu

u i 2 - . )- t !-LravnlTi'l.rrlr.:.r1urfrliu rf,ufiu ilo:lr:kttdnrioiufrrflua.rarrouutun'rBuonlnr.rn'l? lilil
ruanrvurrionmdlr,fiu.:1uro{Inr.rnrr uoifi arn oionrr{ruurdrurrtrugfi cro{il:yryfl .Jrfi dcu

?1ll oyuu n'llltnr1Juyt1.ltt1un1tt'luuo{ !n?nn1?e.l tti1.J1 n t: Lutuytl.toolllJlnn t,nnlr,)

mrmvfdrurnrulilqcyilrNrhn uoinrfi rnaryr,idruH?ujnccy{llrhnmudre

st aailtclut{dlrin'frnu (l ntangibte Benef ir)

;. I . ^ ),,
Ln0ul n tnr'rn1e fi tl.ilrulJltyN,Ja ty Lfl tun0u uyruTunyl tl]t{1r.l1rnn0oon

- )^ - , i -.l.r'rtuun'rr':u Lo 6.Ju LurycJr uiJanoLl,Lyruylrnnnud.:n!rtu !x0 [nt.!n1?inrlfiyl'1u,!flr vr')

el'[fi nra{r.: urlrrurfr:J frn1?nrycli]r1fl'ld fio1u1rn1riuf,t.llrni nlrn:Ju']nrnroir rnunt
t "i u-,'v s ) ,n? n11r.l?r,fl!?cn !{[ nluLnu Lu 'l lt nl.la-uu1n1?o1ruylu'tgylofJ nnuruultc?{t'rfl '1a'1 ou

rflulnavviouoionnlilLfiflrJfrclnsdcumr unynnlnfrinr ecrrirncrrriunuo.r rvrrrtttfi
? , c 7 .1- I - " , ) .- i -,r?u u6lJrr lflxurualLrnnluq?.i [nynryl0u{an1ytuflct.i rlnLIunl?g1ny]qynn{8n100n!'t

, ..ttlrun'lt.ru n1?u?yl un1lnq!fl1 lue n0.:n1t tuuluunutoarJl filnru tuu,nalln llny L!u1

l:l'lfflunT rrrnrvritnrrnrefirunrsriuunydrurrtrusfiq uoiodrrlrfinruar]ryIstffiruifi
, -^".Y . i,,,n'll}.luqln l n nonl?n06u lc Lunu6nyt'tu syL'r,tu tncln Inr.inl?u1.! ryLnyt x'l.l tn8{n1:?r tl.r

n?1! rl.rrJlY6l.ryn{n'rurflt'u5nq ltoc1r uFto{n?'].1tylllJ{:Jo1u'tq Lunlran(u tcrJr,.t L un.:
.J14 ,- - -j-n11!41nru10.1ita!ty tutuyttxxnl0tu61n nt101urFIr1J{ne u?o61u 0rnr'lJuao n!1Lllu

FIQI.IU LO

- - 
.i- - ) a

vrrlrri6uruu r:Ju n ?v luxun0 In?.rnlronrunuu.l Fo{nR1Yr?rlufi un{ Lu6o

(Salvage Value) rfiodu4narqro.rlnr.rnrr tduri rintifiurJrvrnr4un'u rn?or{nr rnio.rfio
, f r ,r.

runvnrnufl'lr1.l1Jrrmyl n'itxlrinn1{hiu:.rnt:Ifiofiu6flInr.!n1r 6'txlrndflnlrflud'rri:ruio
c r r rre - l- -u1uJ?r'rg Ln :J6n1 rylfln{ Lunouozrllu,Jn!?y lEnunourryluln?{n1f LullflFlyt'Ifl
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9.8. tEnrflltcrfiular.inrt
).

rfi orirnr:d:vriurirn.r4u (Cost) uoyanil?vlfl rfnoLuviu (Benefir) 14".iuxo

torlntr n.monrr udr rluorouriol:lfido n'rnjryrfiutnt.r nt ld*d nr:r:]5fl!rfiflu:v'.irstir
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u:0:Jnra6 Ln?.i nlr
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rflrBXncrilunlriaritro.:nmar4u rfio'l{rflurnio.rfior.lrvnornmor''o6u'l,clvir#* nrt
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,lnfiu Lqu{Dlo.:11q1?ru10{!qnuouvt}JtJanrJvr,ltlnv I]]J61lJ1rn?nL]lun10anN1 ttlrllu
.,i".-,rnn1r ?vLrJulnr.:n1?Lvlo t,rr ulnru?l Lun1ln0r6utc rlgnoon[0]r u

z ilrvunvrfio nmrlrvrfiuuurlriilirrirroor rlnvnlr rvriuuur:liudrrrnrr'l z r.lrvmvriio
-t . a )a
6uaviotErJ t-.:fr nrrururrvfiu{nuruvro,:In:.:nrrri'r.: 1 riu

9.8.1 nlrrJrvriuuuulilrJiuirroar
-J. a"

rllulEn1?:ltvrrutnr': n1?tl!un1fl 'l !r]u urnon.i fi1l0nrln1 rl lv4'nn1no.:

- ,; !- ),-
r.rurl]auuula{ fi'rr.r1r0 !n tnnu tn?{nl:v n1rn{lluvrrvrlnu L'rnlroulnu LLnvN0lqmr{nlt

i 4" ai.
trJu'l?r.J1n HL:lurn?o.tl.Jo Lunlruo?{u Lql1lnr.in1? [uuonl1au luntruv]tnf.:n1r!flltt!ruofl

10n'rtllrvLlruuun1fl Lut! rnu

1) qOdlAUtAAn'lfnfil3[OU (Ranking by inspection)

rfl urnrudnre{ouuu.i1o -l LrnvnlNlrnri'oau1Q1dfi'ufi 'jrtni{nlrluuiin'jrrYu

rfi e{rrifl mcaorJrirnluuunvnru*ynnmriuro.lzun tyletffi rfi il{ud":oirodr.r'lunrerri g. t

rua n{ rir'[{ire un:aror.]rtrtfnouulu rrorlnxnrt6urirrn'onrr"ra:J?vvrlu 4 rLlJL 6o

Proiecr r, tt, tlr Lrnv tv lnBfi'rhlqvfiil6'n rnrudn":firr:tu'r 2 ilrrn1r6o t ) rioln:''rnrr 2

rFrr{ nlrn{ruLvrlnu rrni}JrJn nouuvruluuriayrix rrnrrvirriu uoilnx nrrufl.:irvevrrar'hiun

orar uvrurr nn.jr uju Inelnm I unv ll Rrqer6onlar{n1, tl z) InrlnrrnruurvirrYuun vfi ara
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Table 9-1.. Four Hypothetical Pump I niBation Proiec$
(rhousands of currcncy units)

Year

Operalion
Copital and
ilems maintenance

Incremental cost Value of
inctementql
production

(tross
benefit)

Produc-
lion Gross

Net
value of

incretnental
production"

Proj€ct r
I

2

3
4
Total

Projecr u
I
2

3
4
Total

Project rtl
I
2

3
4
Total

Project rv
I

3
4
Total

30,000

30,000

30,000

30,000

30,000

30,000

30,000

30,000

3,000
3,000
3.O00
9,000

3,000
3,000
3,000
9,000

3,000
3,ooo
3.000
9,000

30,000
5,000

' 5,000
5,000

45,000

30,000
5,000
5,000
5.000

45,000

30,000
5,000
5,000
s,000

45,000

30,000

15,000
t 5,000
4,100

34,100

2,000
2,000

3,000
3,000

30,000
5,000
5,000

20.000
20,000

15.000
l5,000

4,000 6,000 40,000 40,000

2,000
2,000
2,000
6,000

20,000
20,000
9,100

49,100

2,000
2,000
2,000
6,000

2,000
2,000
2,000
6,000

7,000
19,000
3l ,000
57,000

7.000
31,000
19,000
57,000

2,000
l4,mo
26,000
42,000

2.m
25,000
14,000
42.000

a. The nct value of incremental production is the value o[ incromental production less
thc operation and maintenance cost and the production cost.
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rJrvhtri4vrGmunnonorqlnr.rnr:virfi'u udln:lnrrufi.rtiilnrlrylst{nouuyruluildur.nn

n.ir niulnr.:nt lll uny tv ncrrfiontnrrnrr lv
)4, ! , , -" -ai,r,aluflr Lnr.!nlrvtrJRln.lvlurJ0flourlvtuyrLr,q nR1{nu 10n']'lJ?Yr}JuLa lEuttJ

nCtv6'l 1ln!on lu.J1lnr.: n1t luunnzlnu

2) flaJiuYru (Payback Period)

.i-
?vuvnuruFlo ?yuyr,ta1fl (0n0u$ utlylf n1nn1f n1 ruu.:'rurnlrvl'lnLn''ln.r

. --i " - )d- ,i ,,,,
flu Lnr.inlt cfuun Linu l.nr.rnlt [u1.:qrnqflr0nr1n1?[du.rlrnvn11]J [xrluuauq{untl'uuq.!

i"" "-;,ro.tyicllrul Lnon lFrr{ nltyr tlrr.Jn mo! uyluFluyru LurJuy^uylao Lr,lufltJ !xnu ln?{ n1rrr1un1,
!aLnun, lyuvau ulo{Inr.!n1?6u rfi'{ 4 IR?.:n1rLLfi,r{'[ilun1r1.:fr 9.2

41r1.id9.2 Payback Period, Four Hypothetical Pump lrrigation Projects

Project Payback Period (year) Rank

I

il

ilt

3.0

3.0

3.5

J, I

4

3

i6rlr:riulneutvErrduruicndou 2 rvnrr 6o ilrvnrtrrrnlrifin'ra
.i. a a ' - 'lclrrulnnrJorrourlruun{tYtivnulultnl lnr.:n'rrvt I rroY ll lrrvgJFru 3 rvl'lnuttrlluollcln

n1fl.in1rn.i{ucyrfiu.jrlnrlnrrd ll {rn':iannouuvrudalrltruvfiInr.rn'n t du4orudc r"i.rriu

n'lrrlrJUv6!flu6rhjaurtn'ldrfluriunTorgru (criteria) luntrn'onrvu'jrlln:.: n rruora

In:rnrrld,ir Inr.rnraluudn,irriu
, ."l i-:.
r:n1rr 60'! n'rrulrvflJduvlu[r]ff'tx1?n L'i a nn1vl1{ n'ttn{fluyttn otu tut 2'l

rraroirr fi'u'tdrriu fiilrr fr.j1lrrr.! n1, ttt rtnrlnr{n1r tv firirnr4uwirriu6o +z,ooo ?--?uiiu\u

tsr urinvlrr:.rnrrlJrvilri'u6o a uriqrnnrrnrocnouEqvrfiuu?ic3{lat{n1t lv rnt1vl1iiln

fl ou uvru'[udc.i ffurrnn.ir

3) aanouufludouil2oila{4u (Proceed per unit oI outlay)

n1rn.rIuL1.r ni.i{oduffuIofl rirzunfl o! LrmuFioudQBriln{Iu

4vr6 fl0{ qtn(n nr tvt}r'!ul.t1r0,tun1n{Iuyr.:u}.J o (tt.:0t'tt'r.tYt 9.3)

6.rtdr,rri:trnrir
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,nrNfi 9.3 Proceeds per Unil ol outlay, Four Hypothetical Pump lrrigation Projects

(Thousands of currency units)

Proiect Capital items Total net value

of incremental

production

Proceeds per

unit of outlay

Rank

I

I

ilt

30,000

30,000

30,000

30,000

30,000

34,100

42,000

42,000

1.00

l.14

1 .40

1.40

4

'2

1

1

nrllrvrfr ulooiiilqvru.jr Inr.:nt I rny lt o{1ud'ud'ufr qnfio.ruoilnt':nrr

lll u6v tv fid'ud'rrvirriu uficrnnrrnrcqfiouqylfiuld.i'n.irln?.:ni? tv dn'irfinu rritJnnlr
-l .soouoLivoontJ1tfl1nu ovuulnylatnn0uttytuEtol,tu,:Ein1n.rIuc.r L{ Lllrfllt tvltJU nr{ n l rrJ

. .i -,. ) - - --i-atanorumulurcnrfrdr.:riuli rflolqrnnrnlt;rfrulnui6fi6rrqorirfiufiiu'luournorrvirf'r.,,riu

lufln1:iu

9.8,2 nlrilrvriulluurlr"un"] r1a1

"r .l .id ,.t .c * - , - i !r ra j
rl]uvluotJtunu?1r{uyrloq tu 0 rluuqyrJnMnnclr.luvrcv to luol.lnnt o

- Je.- i - I i {q1u'lu[.lurr 1nu Ltatunn0! uylu,uo.! Lnt{ nltyt LoiunouuolJ o nl1ita no [ytuuqgtnr11:J Lull

riol uuryr:ra'r,JlrncyillRufiioqjuioldir.rlurTnliuhJn.:rluuSorirtlslrnournrrli uio
4 q, q" i ", , .i - J
nULqY ln rlOnLlltrlllUiln ,lOUttylUy)'l llr:Jnn14{1U C1nn,:'lrJQt.!UqJtlrUlrl'll'l6n1flJ:3tlJU
c r,a , -A," , ! .
Iorehi6nrir r,rnrd{fr ldneirrlr ufiric fl douott.idoufl firurnnr:n{rurtnvarnilrylfl r{rtou

-i. ^ )t. u, -Llflulnulu lutlalnl{ '1 runn1fllty$ruyr[o1t L n?{ nun,]'tx t usr.t nlrn1uluu1n tlfj.!L.lu

flnliu,Jrnvi:gnrirryir'lo'luournn uSoliucyldiuluoulnnn'{aFi'lryi1'ln'lurJnl:iu ,irrflu
r," i ;

na{ ttonfl62uorr ((Discount facror) [.n1r]1LriB1{an Lun1fl.liL]n1 fi0l3'l6lun nuqvr n"rJu[ a.r

It r - jg ) v
tll Fl1l.Jfin1'lynlr..lUX.tlluoiJnUn'trntJ 10n16 rrnJdfl'lyt r.tUtl,{O (lnflation) Ontlt{,tua oylttlnu

- e r".-" - - !,,
tnfl nuno 0oltlnonrtu {{ ltnu lu(n1!un1?r.1u'/11 tll

rfi ohinr::l ev rfr ulnr.r n r: rfl ul:loti1.: Q n d'o.r n?{ riunR 1fl n,r1r.irfl Lc3.r rnv

6r!r:nrrlig! rfrflrriu1d irrfluno{!ntfLtfltFtlro.t r.tur{n't t$i1r.t[nyarnltylfltfnouLLflufr
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-{.,rfrnl-u'[urcnrrirl 1 riu 1fi0{uuSrurrnrrdurfiu luvrr.rrJfrrJfiiolrJiurirto.rGuhio{urrgru
{ -.i ,),, "!-[e61Uq1uu tr.!Hnn1flUrulla']Ullgnl1{nnl nluu (Present value) n1r'!tU,Ja Ft1ID.l t lU [U

dclrcnroir.: 1 fi'utirflurlarirrlnliu rir16lne1,frFir Facror qrudruouriuriu 1
, !.- - "-3 .)-

A1 l-actor r [n Lunlt:]1un1r.lurJellulrun'r{ 1 nu yr.iuoqvlanu yno{a1!{

" .-i,. v- ,',"- t
clEL[ns,.rnL?y lutur Lntufi ?1J !or1.:u

1. Discount factor

I
n(l+i)

' , - :s r. - . .'- .J I *JJ, Hriqqn,ilwJnrtl1d.lrtuf,{qdu lpt lo'rfiulr.nitnn (F) frryusrcntiluIfifip
. . l- : ;

rtgfp",i{*l@:5f# .ilii,ii1l,,i'$|" ::.ii Flul l*i'ii 'r,,,,

l{drurrurairyn{:rriuou-rm lrt larfi ultipcn
i ., i; a. ,i ,,

aEEflanruJ+1111fl:r$0F,0o : , ::.-

P Fl
(1+ iln

2. Compounding factor for 1

(1+i)n

F P(1+iln

3. Sinking fund factor
,l(-,
(t + i)n - t

iiu:Jp) .

' i:;
yrtig 2 a./

Yrln1fiuUtlJO

A

A F(a)
1+ iln -1

nlJ

I srt?fm
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4. Compounding factor for 1 per Annum

n
(1+ i)

i$$*ig.ini
i{'-,i .

n;!,l"SillFt

nt.1

,nl1{ii ltime
,i I -.'. t:rl::: rtiai'l,

^: d,-j
({uuvr Ul.ll

F
(1+ i)n - IAt----.-l

I

5. Present Worth of an Annuity Factor

n(l + i) 1

n
i(1+ i)

ni(l + i)

(

P n1(1+i)n-t,
i(l + i)n

6. Capital Recovery Factor

ni(l + i)

n

A Pt
i(l + i) I

I
n

i(1 + i) I

lnNlEJLun Factor 2, 4 ual 6 fladflniluton Factor 1, 3 uay 5 musild1r,ufl'rh:1.9ton

Factor 1 LLay 5 qldntnatn.t g.4 LLay g.5

4n4uU
:.:i,i'l

tt
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1. nltulililnliulnG (Net Present Value, NPV)
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NP/
n

t=1

Ct
i

(l + i)'

nI Bt t
(l+i)t=l

n

ut0 NPV I
1= 1(l + i;

tl.JO olqna{1nr.!n't?

iaarlnxnt6o t, 2, 3,

nrotirr IRrrnrmn:leyrruuri.rud.ra.rrlulnr{nlrdeuriu 1,000,000 u'rvr'l{rcnTrio

ah.: t tl rjr'lfi.irrjlunrrairrfiunmua;ilrlinmflar 300,000 ulr n'ln.j1c!1dirn:lrvli]tf

nouuruflnJ 5o0,ooo rlvl nnooolqlnr{n1r to i u{.:crndonir.r ra5q dnrnanrdaflnv

t ovo riofl oslnyrr"r!,i1ln?.inredcy'hialnnoLuvru{lriruSolrJ

1611 1

Year Cost

Const o&M

Benefit PWF

lOVo

Cost

PV

Benefit

PV

,1

1,000,000 0.909 900,000

2 300,000 500,000 0.826 247,8N 4r 3,000

a 300,000 500,000 0.751 225,3N

4 300,000 500,000 0.683 204.900

5 300,000 500,000 0.621 183,300

b 300,000 500,000 0.5M 169,200

1 300,000 500,000 0.513 153,900

I 300,000 500,000 0.466 139,800

o 300,000 500,000 0,424 127,200

10 300,000 500,000 0.385 1 15,500

11 300,000 500,000 0.350 105,000

1,000,000 3,000,000 5,000,000 2,583,900 2,791,500

:trarirfln1iu4r6 tuevt 2.791,500 - 2.583,900

207,600

rir NPV

CB

n

n

irirrfl uu.Jnurn{.irlnrr'rnrni'hizunf;lrir
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1tn 2

Year Cost

Consl o&M

Beneiit Cash flow PWF

1lVo PV

,l
1,000,000 -1,000,000 0.909 -909,000

2 300,000 500,000 200,000 0.826 165,200

3 s00,000 500,000 200,000 0.151 150,200

136,600

124,200

4 300,000 500,000 200,000 0.683

5 300,000 500,000 200,000 0.621

6 300,000 500,000 200,000 0.564 1 12,800

7 300,000 500,000 200,000 0.513 102,600

I 300,000 500,000 200.000 0.466 93,200

9 300,000 500,000 200,000 0.424 84,800

t0 300,000 500,000 200,000 0.385 7t ,000

11 300,000 500,000 200,000 0.350 70,000

NPV 207,600

2.1 n1tu1o"aflHanolltrxulo$Atsnlt (lnternal rate of return, IBR)

dn:r zuaoror uvrulo.:lnx nmulo tnn 6o d'nrrdcuntr (Drscount ratet dvirhi

Xa rirrlnliuro.r rir'l{oirsuavzun:l:yliltdmouLLmufirirrvird'u ri'srmz{run odrfludn ttncru

drrtnaorriun.ln rio'lrirfiorrun:.]rv 0L.tnvruto 1lFr1n!L.iu ullod ritrurflu{oE

Ft',tu.ltu Lon.:u

t=l

Br-Ct

(l+r)'

n. i. "- -IRR u:oFtlf mfld.ruaovlvr'l [u )Ll

.1 "tl.JO n = 01q1O.! tn?.in1ttu lJ

., *)t = 1110'! IFt?.ln1e no1lvr 1 , 2, 3, .-... , n

.rnn1?Frluoruu1 tnR iladrenfi{fli.li6nrrur NPV cvrLnnril.iflufr cyfio.lli1

nlrrnno.!1r'rFi'rdnr6iruan (d fid1lri{sri1:lc1:iuqrG:ra.rlnr.rnlroanil'rrfluquri (0) luvrr.r
,--i., " i .^a tr a

uflUolt o lun1tnluzfuy1n1 IBR LFrtt.]Iu o1q Lttonlt nno.:tlt]J u?oannl r Ltacflql?ru'l

e1nri1 Npv ri'r.r t'tpv irirrfluurnfiuan.r"irdor:rdcuanriortlfiorrilri'orrrdcuaor{u1:.16n



al11fi.jrldrir NPV 00nrJ1rflunurtnn.i.j1d'n?1d?unoq.rrfiutJ (nrldlu?onodnrdrunn'[u

ntmnnorurrdr NPv uoinvrrillrinrrrfru E%) rlnfulilnrrd'rurruurrir tnn IaEJi6

lnterpolation crnnradrucruu?aldfirunfl y'lri',li -

IRH = o''orrr{ouandr - (rn dr.:d'n:rr{cuorrioauot.

ri'rotir.: nrrdT urruu1 IRR asllnxnrr

t tpvil1.i'rirri'nr drun n dr

Year Cost Benefit Cash Ilow PWF

121o PV

PWF

17% PV

I 1,000,000 r,000.000 893 €93,000 855 855,000

146,2002 300,000 500.000 200,000 979 159,400 731

3 300,000 500,000 200,000 712 142.400 624 124,800

4 300,000 500,000 200,000 bJb 127,200 534 106.000

5 300,000 500,000 200,000 5M 1 12,800 456 91,200

6 300,000 500.000 200.000 507 101,400 390 78.000

1 300,000 500,000 200.000 452 90,400 333 66,600

I 300,000 500,000 200,000 404 80,800 285 57.000

I 300,000 500,000 200,000 361 72,2N 243 48,600

10 300,000 500,000 200,000 322

247

M,00 208 41,600

11 300,000 500,000 200,000 57 ,400 118 35,600

4,000,000 5,000,000 1 15.400 - 58,600

IRR
I15,400

189

= 12 + 117-12) (

12 + 5(0.663)

aJoril.i NPV no{d'n?rdcuannirnt.:

l 15,400 - (-58,600)

12 + 3.32 15.32 Yo

nlrulFi'r tnn 6rei6nflil

)



190

3.) nltulonflflnnaurrvrudoirl{i,ts (Benefir cost ralion, B/c ratio)

dorm arn nou uyruoiorirl{i'rs rfl ui6 nrri rnmvflnu un n.r6.rdnardcu

rvu.lr.:4n rlrtlelfulo{ il ailtytetriorol ururioryanir:In-c:iuto.: rirlfriruf.lr,,rrnorno norq

In r.: ntri s urfl u6 n rd r ur ruldn".r d

. PV of benefits,D/\' = ( 
PV of ao.t. ,l

n Br/(1!+i)
T
t=1 C /(l+i)

. ..i- )-
LntuT Ln Lunl?q0auLcnno rnon tnr.: nlrn1.: I illJrr1 B/c rnu 1 .n.1nu!1u

nQ 1r,i 1il nil ry:srriorou urudldilflo.tlnr{ nlri ri1il r n n,i r nirl{drsfi dol rd abl',.rio rflu
. .i"
!nr{ n1?yl ll,t 0nouttylunrJn'l

Fil B/c ratio fin-1rrr!.:r,lrruruoirfifl.r.jrlnr{nrr{u 1 {r.rriruialri urii'ldur.ns

ncru.jrlnr.rntfiirir B/c q.r nvrimrtrld4vr6ldrrnn,jrlrrr.lnr#firiT a/c girn,irra:rol:J

oyfutunrrilnar;r,ilnrrnrrl,orfinril ulninlr't{ri1 B/c ratio irRryfTnrrnrr*dcno:1{i6

nrrirntrvfuuudu rdu NVP unv tHR ?!nolnrrficmrurdcu

ol'rotirr n1,d ruc ruur rir B/C ratro 1o.tlnr{ nl,

Year Costs Benefit PWF

121o

PV

Costs

PV

Bene{it

1 7,500 0.893 6,698

2 6,000 0 797 4,182

3 1,300 6,000 0.712 926 4.272

4 1,300 6,000 0.636 a,,1 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 17,39/,

t7,394
15,2t9

1.1

B/C ratio
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4.1 d'nfldcuEnrltctstddfiGdotira.tflu (Nel benefit investment ration N/K rario)

11n'tDn'rrlJtyrtlu Lnr': n1rtnfl Honi'rficunnrl.: 3 16yrnn1?r.t'r cyrru La.t'r tr.r

1161o rvrryzirr,tfitnr:{noufi'uamldrd'rg rrank) ro{In?.tn'trorjl{ uric?{ rnu qanratlrr:rfiu

fitfrf irflufuriorSrurirufiL nrefiqtrurirlna.rnrtrviriu nrim6olnr':ntqvinrrrrurrvfir

runvfuld rfio upv irirrvirrll 0 uiolrnn,ir tnn fitriiln:lrvlutrinoluyruryirduulourrrn.ir

rirrfrelonrnro.:riuvru uny B/C ratio ryirrir.r t u3arrnn.jr uoi'luurrni.r{d'nfiu1qlnt.rn'r:ir
-i

LUUolO.lyt?'tuououn,tlrJ zq1nrula.l l.nr{ n'ttrrl0n'r?no6u Lc21nltqya1Luun1, Lnt.l nllnoll tu

ntrur L.luvtu tlJ L1{u.!v{o ttny Lr61l.Jlrn o'] LuulRr.: nlr iarJvl'lulJn Ln

i " . .i., -i6nrrfr rurrvnr unsrtyornlunrr{nrird'u nrudrdrgrarlnxnmfr riluiat;
, - -,c A.- i -oioriu 66rai-:fi6o Net benefit-investment rario 6{rilunrlil}surfisutvu,iilaarJrvlstfnoil

-id,ruru4vr6fifirir positive flurirnrlulnr{nmdoufrcyldrlnrlrvtet{na'uuvrutlvrE{drufin'rirrflu

^d.?-'' , .
negative) uoiA6f,rinhiriotrurrr't'l tunrfl LFrrlyu In?.rn1flroBun Inufirlil]incvli' IFR r,rnv

, Y J.L
B/C ratio "tr.ru tun1?cffa1ou L[fl?6n{nn11yl.: 3 .]6 iroclno c.tuu:J't lt,t6 N/K rario in tv oo

f,"n.irriurrniu'lunt{ndrdunorlrird'rulollnrlnm

ntur rir N/K ratio a'uJrrnri rldriufi rdoi nrrdrur rur,rr il nrlrvlstdd rd t{u
rlio cash ftow ro.llnr.rn1rl{udr dsrirr.rnrjrvtrtr{4vr6fi6or.rn12r.rro.irJori1flc1fuuti'1fi

,i - - )1 , - .i - l " , r
Luagunlruu'lrln ttava']o.iylunRoHamxno{{nRl cluuyl nlLuunu {{qJrnnnu luI1{u

urnto.:Inxnrr (En1r1.: 9.6 usqo.ii6nrryr N/K ratio)

qr n orr rr.: druc ru 1{i6d'fl rrdeun n (Discounr ';ltel 1 2vo X n rir:JnTiuaor arn

- -) ,)ilrvlfltf4flE uii'{crntrfrrildeurirlfluurndo us $ 22.43 (0.51+1.07+1.49+1 .83+17.b3 = 22.43'

runv4nrirrlnnriuta.rrn:.lr:tatriqvrEfirf,uaulanirrlnl:iurflurirn.:4udo us $ 12.85 nrittion

(0.97+3.85+4,04+2.86+1.13=12.85) d'.rriunir ru/r ratio 6a t.75 122.43 Q.85 = t.zst luntrflfr:gn

- ) ,) - ) - f h- -)an1:JCqturJnl ruun! un{qlnvlt nuunlt:lulJ.Jn tl'61 .d.lo1ccJtnonu trl [un? vl!nltno!
. ,{" i .i - ,) - i "^"- {
tl!ruuroFro'lrornsE{qn?,]'1uJnflu1o.i Lol ,!.r1,tNfi01qn'1, L{.i1u vn LuRl Ec1fl !u!lruq.:1u
. dt.". - )- . ^"- - )-tun?ruuluul{nnlulquuyrruunutuLluu L uno0nclnrJntt xanl]leluuyrtl.Juuln
(Net Present Worth of Benefit) u udcyro.rlJ'ru,rnfu 6?1lto'utrarirfln1:iufirflunrL (Net

Present Worth of lnvestment)
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n'rr{nri'rd'un.llrdrdrytollnr.rnt {orrird'usrrrrir N/K rario qrn rn'l ur
i.

uofl 8u1.!lrnnlx N/K rario 1Ji0c1n n614ru 2:l?ynlrho (1) nqN lnr.i nlrytu']u'r,ion1rilJFto.:
tr- - "- "riluln:lnrrvrrilu6aryoiori'u ioyriuorqnyfrlrildulo{rorn.l":rfisurrn (z) 16Li1dri'unrr{o

i-dud'rlrrrlntfrl-ncrlzir6'rydruftn!rLrnn.jrrRrutfrc u?olnnnrdrynyr )ynamic

- i. -.optrm,zation n{c1t:luFro.lyl1M0qlno LLny t0n 16!0.!r.ru1,!u Luou'rnn

9.9 nrrA'nrhantatlnrtrCoirrOunrr
i--

rfr o uaol46 nr r:lrvq n ofnrril::rfi uln r.: nrrload'nrdcun nl:lldlunred'o
t.- o Yirdonlnr'tnm rfroorr unmryu.jr.:lne':ntoirl 1 lntrld{oqalnxnr:6urirrfionr:tn

avnru nrnnrr',ort t ufiroa,o n',llrvriui6qir{ 1 lflunml g.z InrJli Discount rare 12vo

drufi:nrnlavrfrurluu Npv, tRR, B/C rario tl,ny N/K ratio

crnnr:r.tqvrfiuld"jrlnr.lnrr I u,ny Il qyqn reject fi'd'nrdcuao tzTo

,-, ) - , )
tar{n1r ll cJtlo:Jt! lrtqortJoo nr16ci{nnryr']nu 870 1.ti0u0u011 rrJo NFr' lJR'lr 1nl] 0 u?o

rrnn,jr rfio tHR idlrvilri! ulo6.rn,jrrirrfrolon1f,no.:i.4u uuadu ru/r ratio firirrvirri:.r t
a , )-ulournn"ir frdorrdcuno 12vo l?16'u.rlr0rJa!firtnr.: n1, ttt rlnv tv rnnvrir 2Inxnmfi

NPV rrnn'ir t i tnn rrnn,ir 12vo i1 Blc ratio rrnn.ir 1 rlnv N/K ratio rrnn'it t fi'vrntiu
. . -!rluln:.rnraqn,irrtorfi so,ooo rrrqyoio.: d'nRu1qrdonlnr.r nrrlnlnxnrrufl.: ryu.irllrr:rnrt Ill

rua:In:rnre lv c1nn1?1.! qvniutd,irfirrfirdfl:rr{cun nrflu 15yo lr1eJfi'rr1?nfirtd^tnr.r nrr

rdsr6otnt.!nt tv dlfluntre'onfiqnfio.rnrmvlfiRr1ufioru, unvlfiiuror]:vlsninou
i a--.i-. - f,- ! .,i

r,rvru(.ryt4o 1rroonl6,ru{nnoylql? lLnonlnggeln N/K ratio ylon?16.runn 12% ({ilq0 Luo.:

Cl nrJnnlrQ LnfltUnl nnlrl'l liOtlrl6e yltyllnUyln 4 1n n0yl 127o OYUUnltCn0lnU lnl {nl,
6{ar r:nfictrulqln NPV, tRR unr B/c ratio ld irnrryfuoinyln:.rntlne'lid'nrdrunnfr

unnrirrflu n1?E^ln Npv, tRR u6o B/C ratio orcqyhiaumn{nri'ud'u1dqnfio.r uonc'rnn1,

ltn?'1y1, LnUOO N/K ratio
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Table 9.7 Ranking of Four Hypothetical Puntp Inigatiotl Projects Using NIK Ratio
(thousancls o[ currency r..rnirs)

Year
Gross
cosl

Value of
incremental
production

(gross
benSt)

Increuental
net benelit
(cash llow)

D iscount
factor
l2Vo

Presenl Present won,\
worth calculation at
llVo intemal role of retum Ronk

Projecr
I

2
3
4
Tolal

30,000
5.000
5,ooo

40,000

30,000
5,000
5,000
5,000

45,000

0.891
o.797
0.712

Discount
factor

0%

L000
L000
I .000

.- 10,000

.r 15.000
l t:i,000

Pfetent

0vo

|Co

20,000
20.000

- 30,000
+ I5,000
+ 15,000

- 26,790
+ I t,955
+ t0,680

4

40,000 0 2.402 - 4,t55 3.000

Ncl pt.s.nt $/orth at I2 percent = -4,155,000
Intemal rate of reutnr = 0 percent

Behclit-cosl mlio at 12 percent = O.88'
NIR ratio at I2 percent = 22,613 - 26,790 = 0.84

Discount
factot

E7o

0

3

ect rlroj
I

2

3

4

P

- -30,000
20,000 + t 5,000
20,000 + 15.000
9,100 + 4,100

49.t00 + 4,100

Net presenl worth ot l2 percent
Intennl tutc of retum

Benelit-cost ratio at 12 percenl
NIK ralio at t 2 percenl

0.893 -26.790 0.926
0.797 +11,955 0.857
o.7 t2 + t0,680 0.791
0 636 + 2,608 0.735
J.038 - I,547 3.1r 2

=-1,547,000
= 8 percent

= 0.96"
= 25,243 + 26,190 = O.94

-2t,7EO
+ 12,855
+ .9t0
+ 3,014

-la

Projcct rr
I
2

3

4
Total

30,000
5,000
5,000
5.000

45.000

30,000
5,000
5,000
5.000

45,000

I ay'o

-2t,3t.0
+ r,518
+ 9,450
+ t5,392
+ l0

Presanl
rg1.trlh

t 6Eo

- 30,000
7,000 + 2,000
19,000 + 14,000
31,000 + 26,000
57,000 + 12,000

Nel prescnl wo h at 12 pcrcenl
Intemol rate of retum

Benefit-cost ratio dt l2 percehl
NIK rotio al l2 perc.nt

- 10,000
7,000 + 2,000

3l,000 + 25,000
19.000 + 14,000
57,000 + 12.000

Nel p4tant $,otth at 12 pcrcent
lnlemal ralz of r.tum

Bcn.flaort rotio at l2 pctc.tlt
NIK tutio at ! 2 percenl

Discounl
factor
t 4vo

0.893 -26,790 0.a71
o .797 + I ,594 0 .7 69
0.712 + 9,968 0.675
0.636 + 16,516 0.592
3-038 + l,loE 2.913

= 1,308,000

= 14 percent
= 1.03'
= 28,098 - 26,190 = t.Os

Discounl
foctor
l6Vo

0.862
o.743
0.641
0.5 52
2.t98

2

c

A

lePro
I
2

3
4
T

So,rrca: Table 9-1.
a. Thc derivetion of tbc b.ncfil-cost ratio is hot givch in thls table

0,893 -26,190
0.797 + 1,594
o.7 t2 + tE,5t2
0.636 + 8,904
3.038 + 2,220

= 2,220,O0O

= 16 perccnl

= 29,OlO - 26,790 = 1.08

- 25,860
+ t,4l]6
+ 16,666
+ 7,7 28
+20
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9.10. dorrjEeilrfiuuif,ntrlrcriulnr.rnrr

nrnirrorrirrdatonr6rolRunluu (opportunity Cost of Capitat) url{rflutinrr

filUnA tunlmtntlyu lunn!1o{ tnr{ n1t q; tlr n00nr]'tLiuroUlnull Ln?.:n1ruu 'l cv

nttr turrvfiucqrufi-Lrllfrunmym u n{LL nl?i Lnr1y, tnr.inlrfirflu6nrvoiorTu (tulutuatty

exclusive projects) qyfio.nirntirnrryrifin{rlrorr n.ir rdold tnn, B/c ratio u6J N/K ratio fi

oru drufirnrrirnm;f NPv, tRR uav B/c ratio riu 1{druirltirnrvdlna.:nrrnrtrl rlnzc:

uorru,r'r LFrr.ln1?flrrrannr ruunralfi ur'e NPv fiFil!f,uu?n (+) tRR firi1N1nn.i1Fil occ

(Opportunity Cost of Ca ital) trnv B/C rario irirrrnn'ir t dru uuruxlYfi'tuflin1?
)---i rnm yf rfl oA'oo"ud'u nm:i rur r vfi rnollnrr nr e In fl Flrcr nlnr{ nrrfr fi nX rario q':fi 4 n tfl u

oud'uurn
YX

n1rrn0n16n111 Ln?13u [n?.:nlrelcJrnon 15,]fi luuuulu0qn!rLnnv,lr:rru14

ravnnrnrurirarnnT :iuntriu.irq;floriuuuu'to uarsrr .:rloliunrrirnmvrfuru tlpv 6'r

rflr,nrtirnmyr,iruailryluuiro.rlnrrnmoan rflu:trnrirlounr.: unvatrmn'l61drYu nrtrdo n
a l-- at.--) -Int.:nrafrriluinr;rionu uoirincvrJno rntts{ rnuinunlr'lJrvuJuv'rFi1 occ rfioiltrr'lfhrnrr
- . f * - f,,irnrvrf ftriflurTrgurfi{.:ern fir,lnrsrqnr:iufrfio11{ tnn lunrfirnryrf, 6sararo.rnm

i i. ;ea "r,l Lntl vuqJ!0n n.!0 flr14.:6 o1o{ao n r!gvtInr{nlrfi1 'rrns1flnul.:ua{Iufiqg x1l0r unv

inrn:JevhtrinarLumuriarrinsrnrdn.ryrululnxnr: ournrrlonriu:rrlfi tRR 1unl,
) --irrr:rvfTnr.:ntrfiod'arr1ryurn'n,lrrir occ rol!:yrranrrfinfiiunrafi$nn0ir.iflu d'ru B/c

. )" - - i . * . d
rario iuil'Iifi'uilavrurr6n 1 fr rird'r{ruur6l.irrilufiolTlrdrfzuur tvtvrn
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9.11. Sensitivity Anatysis
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Switching Value 6orirrrcrrrrJfifl uula.!to.! Sensrtive Analysis 1unrfi rarrcif
--; , ,l

rrorr'Lraorlnrr nr:rtr16rirtorrlri'tLfr nrn.irqyuln- uu1:l'[{udcurd tJn nrvylrJ riotn?.t n1t
.,i

aonrrtfiaq.Jrnvti.:4.:f,r!1rnsorrfi.Lin:r nrrlduin'lri uoi'lunrtrirucruul Svritching value

gu rr1dlulruu1.i1rirtoi:Jq{erriucvuJ6euUlfiilrnfiourfie{1o6icvvir1#Inrr nrrian nrv
re ) .Le, - .id ' .

vlUcU l!fi1r.J1lnUO&?U Lnl{nlt trl Lyl€ tlr{?UtlrlX0Uyr?'l:.r n.!1o'lnqnnO.i qCflylxnO !nt.ill'lt

oi'rotjr'tnrrirnrrvrir,trrir Switching Value u6nrlfluraraod 9.1 2 unJ 9.1 3

.,i...,,t
rfrolnr.:nr:ini^ oCC u5o Discount rare 12yo rrTrrfi 9.t2 *ao'r l.ra nrrirnflyrro{IFrr.r 11tfr
, - ik.,

drqvrflu i':idrir ttpV = +1421 134lRR = 21 % L,oy N/K ratio = t.8O lunrrilfi 9.13 udrtr{ n

nrtvorfiouutdr Swirching vatue rfio arn rh fin nn.rludnrld,rurir.r 1 rTu fisylfiFir fJP!'= 0

u3o N/K ratio wirriu r riol{rir OCC u?a Discounr rare 12 % rufioulAl nq1nn1?vro fioullu
,Jo't uro n nna6ra{ 25yo cvLoFir NpV = +11,985 un=rfio nqrhonool 30 yo ldri'r upv -

14.044 1un1?1,r1ri1 NPV = 0 rdor.lr:i?lrruzuarhorfinnn.r 1di6 tnrerpotation r:iurdfl,rrYirfirdm

" i --llr{r':duudc i.:lnnr:nrurrury'ldnrlFlrrurun ru6 nfrnon.::.]:ylru zz 7o qyrir'lfrrirto.r

ruev lfi ourfl uquti d'luno.:lflunmrfi +t3

1unrrirnrryfurrir switching Vatue 1a{rlc{udr:r:nrirldlaea6rdtlcnlu uiu

" -/.j.lunenffido.:nru'rFi'r swirching vatue ro.!Inr.in1rfiei",ff" Inonra16our, orfrqvldirn:-lrvlutf

nol uvruoonl:l#luacr.:1unrmtfi 9.14 clnlla n1:11nno:.Lyrr.jr rir Switching vatue cvfiniroqj

,vv.j'r'r 2-3 fl lorudrrnrrir{ 1 lriuJdrurrln.r



i.'

Ei

E.

E

=rr1ll

i 
",i

dE
EBFd
ao.rl-a

.6
u0'a'o
a.i
noE
,EH

H
En
E

'6

6.
co

o
"i

|z

t'
o
-d

o.3
foF

=.nn9,

-t

c

B"

tl

..:
o

+

ll -.:
Cfl

3R-
+F

ri3

Xo

R<
l
E

o

T

E
o

l{

+a
cV
;Iri-NE

r-t
i

=p

H r,1 t ! o co ro !t N € rt.,t N I or l-.i;h c a o F- +..) F(o d i mr- HFN € v Ni i ri ;6 6 io n c N r N < .{ t- o t- .,r o or o
o\ o \o \o.o r| :t N o\ @ \o ul t ra.{.{ < - i
OrlNI I I + + + + + + + + + + + + + + + + + I

o o ^r o.o.{ o co tt F to o\ h t r^ ro..l.o !i N ln
6ar;N NN<F-!i49rl I n!.! ^t'1 "r- qc q qqq qq qqq
oooooooooooooooooooo6

!r .{ \.r ..1 ..r c, rl rt ral @ F \o

Eqfr\SqECiAEE€EEESooooooooooooooooo

.in.or|<.o.{r|rlor.adl
-d6.o! ut-6rF.\t<r.l
u! - - rr rf- r-- F- \o- t- _i - rl. F- ro- ul-.o-.r.
or F o F o\ o t o o\ F ri I i o o\ € @

r|fi FFI ..lNNiiiiiF

tsNll-Nt-FC rt.i-i\oo\oY6r|.{oo\ol-l-ovl 9n:ntF_l .l ^l ._.r..1 -- - --- '-ooooooooooooooo

.r-.o\oo.ir|\o.aF+Fdi6@6Norlo-)a.l,rr-\ou! €- q -- \ oI \o-.o- i-..- o: t- <'- ol -i!,'|!r..to\<t..rrlcnh € F. F F F F F- I'- F F-r'' F' F F

F\F-FFr..FFFFFOG;i:.;*FaFii6 O\O\O\O\O\€
F- od- 1 1 -- 11 1 q 6- o_ o. -- o- q o- o. q o. q o. 6-

- !(' \o @ 6 (o 6 @ ro.o lo e q. € q9 vr'i\i f F 6 0r,6 6 o, o\ O\ o\ O\ o' o\ o\ o\ 6 o\ o\ ro

':
rrt\oo\iF-tN-\loNd + c 66 6 O r"r \o - tl F .o rt o\ o 6r t a{ - I

6 i -- -- {.^- o- 4 ro- -: !r. N. o.F- 1 o- o.'1 o-q
i,' o oi 6 

^i 
fi.r.{ N N N.{ N N <

-F

F- 6 Or C) d N n) rr r' \o F !. o I =?x HsSF S33 gSSSSESSeE 38.6
= 

;- :. :. :r 
=:-: 

;. I < F i .{.] Fi

202

+++++++++++++++++

r r + + + + + + + + + + + + + + + + +

q4l

d] -o-

tt

9 !',I

q.q

tt

r:\

t--

I

oq.
t!

I

..t
l'.

I

$tna.-

gts
E i^

gtx
{ }'-

:
T SN
;,tt 

^;

I SEs
ai uo
'5,8-"ta

f oxo
6 9 oq

a

Ess
5{;
!so

sie\l

,3e

IIE

o

o
s
B,a
oL
a"

o
+

v
j
U

o'
a.
!o

t!
a
\

o
A.

o
o
U

s
cl

qo

tq Y)

o\ 'o
oS
d;FE



56
P.9
= r'lfxE6gE
ag
J B!
- ?o.

E ET
E tr:,g E5

; E;
E !iH r!
.E Eb-e ;i
4 V4
5. Eg"

g .E,B
E b (,d

'E
A
e
4

-d

a'g

1

,.o

E

(E

D
._5Tc

=E

69

l!Ea\i
E.9P{ E

qde
A

203

E

I

b&
sF
ET
5i
Ni<
r+

$T

l+
i8
l+

t-

l*in
:r
E

P
A.

hEesesBR6SsRSRBStSe€S.\,t !q 0- oq \o- - 6- ^l - o- \o. o- \o. \o. !- o. -- \ !- u?,

o\ F U.l.{ ct F- o lo r- \o..1 6l < (h o\r- \o ItI I I I + + + + + + + + + + + + + + + t +

.o..lO.oOc)N\OOrF\Oul .\()t F- OOF -.!d ia + i d - rr _ + in \o..r.! F _ n @ F.a a.o
F- r- Ft ..r- ..r- .E- {- F-- A. ^t !- 

-1 r.r- o: 6. r- q q !. vl €-
6 ! t a rn !r <. \o F- o ur o\ 6 \o a\r u) F. \o O\.\r q,
-66 - di ;t + i + 6 { a ri a l^ c .c tr t ur o
I I r I + + + + + + + + + + + + + + + + +

\o6(hF--tlO@<-666:-@dr,ri-- xx<<ro\
{ .o- F- q 6- .rt- F- F- -q- 

\o. \o. .o- 
-9- €. -q- -Q- o. €. €- \o- \o-

+o6j6 r--Fic,- ; di h rr o o F F r.- F F F F F F F t- F F !!.t

+t

6 t- o\ € tr n| N or F - + \OF q cO Fri - o o 6.a o\ F N t-- o t.{ { - ral
6. <- t-- FI €- .1 \O- (.- F.- ..r. Vl- <- r.r. o- lo- rl. o. o- ur- \o. q
666€6 .a € ri q ct\ N h I \o o\ o@.o€ 6 6 !' \, + t i t !t t t * { ! ! q 

5I I l I + + + + + + + + + + + + + + + + +

t' ar - 6 (6 o @ @.D.o @ o6aoco o\; et n dj F + 6i c € \o \o \o \o \o \o \o \o \o \o € H
O. ol ..r- r-. q q oI a" \o- \o. \o. \o- \o- \o. \o- \o- \o- €- \o. \o. :1
- ; di + ri.o.o \o a ..i € \o \o € \o o 9 \o € 10 o

_.

.{Nr|-rt6ri-rocrr|d 6 ri N 6 - |ir n F N - r.r -.i N..,t or \o \o r- (o
: d ; L a- 6 6i <i o\ ia € ; rr o O F. N Fl o\ {, o\
ch \orrt < c .@ o or t €..t r.) < o (, FF\o?I r I I + + + + + + + + + + + + + + + + +

F. \o !r d 6 6 F !t N € or i N O\ ra.{
6x-.i6 NCn€6FCruln'tt!6
.o- o- l- F- 6- \ ..- €- \o- N- i- q r\{ o: \ t- q q r. n- r'r-

\o \oo o\.{ F - o @ t F (h (D F tl toro€ F)fr!t t rr vrtrrrl!rt.c s s h6fr
r I I I + + + + + + + + + + + + + + + + +

-| ri -|.a dl 6 F) ri..).i nd ^i di 6 6 - 6 6 r- F- F- F tr F F F F- F F F H
..t-.1 <i-..r-.{ rt-.o- -o- vr- ur- a)- 

'rl 
ul rt rt- vr- vt- rn rl- ur- !t-

a F- * ri o 6 o a{.rr 6 m.i..r.i r.r r| m.i dr r) t;..r l'i i6 \o F F. F Fr-F F F F F F F- F F €
^t

'\r6'6\Or"Oq'o-.i6 6 6 6.6 6 6 6 atr 6\ an o\ c'r O\ O! O\ O\ O\ c, c| j!
o\ 6 O\ o\ .n O\ O\ O\ O\ Or O\ O\ Oi O\ O\ O\ O\ O\ c, O -w

--rN.{F

o\
o-1(,:-O\OO^lh<O\O\!O+<N(h_o\..r<c)F0r

tf- (l- F.- o- vr- .r- o- \o- 1 ^l N. 6- ..1-

O\ F- A { r\ \O.6 F \O rl r\ i C)F\OrtI I I r+++++++++

F
F. F

++++++

IEs

E 't-

6E

t -e-
ETi
E rI
EEd

Ets
p 9t
d-

E,a"s

irt

Its
Ee's

Ef*bB3
EEd

F1-

6P

.3 !I

.:'b.
E

E

F
o

tSt.

I

.:'b

.o
E

E
9

N

5
E

.5

.lJ
ts
o

s
!9

E

sl

5!
SE

.ct

o
tn
(R
I
Ia
oo

I

Q

Pq
o
oo
E
E
v
d

cl

ho

a

vt9

O\E
cr9

=i(!;
t< -9



Jo

n
.3

o

vr'.,o\n|ril"
h6F6* NF\f-.{.{o-o-aqq+-r\1F--11 q1a. 1 q q |---.o- rl oq .l dI
r,r o o\.{ rtr < N :'..r o o\F r,l !l F o c'\ € 6.{
66\o.itrt I r + + + + + + + + + + + + + + + I

oFrE\.,oral €ts)a-F6!+,+Nh F N O ql O r') F f) l.- \O ..1
o- a 6- q q Fr- r.. h. r'r- 6. F-. o. 6- q Er- q q i- q o.,4

or|!trr( -!ttirlo\-o\oo\ur <t. o F F F lr l- 4.. F F F F F O

r r I I I + + + + + + + + + + + + + + + +

FF-FFl-FF
FiN;o+F.-O\O\C Or Or O\ O\ O\ O\ O\
@- 1 --.i- dr-'-: q q q q o. o- o- o- o- o. o-

(o@.DrO.O@O
i\i + F € 6 O\ Or O\ O\ O\ O\ or O\ Ch Or o\ o\

t\
ll.i

\oo..ttr\o-rF.n6+ F dtF dihN o6o r,r F!^ F o
6 6- tt- b- @-;- F.- q o. @- <'- I of q n- ol -n.\o<r nmc i!.n@o\.: ri 6 6 F N F. F- F. F- F- F t'- F- F F F
+++++++++++++++++

F-F.FFFFFFI''FFF; di ; ii .-:6 in ir\ in ii c o\ o\ o\ o\ O\ o\
-- F1 dl 1qo- -O-o.o.o- - -o-o- - -@.o@6ro6@
F- - o. 6 6 6 o 6 O\ (h o\ O\ o\ Ch o\ or o\

vroorrt'-la^l-?o.l
6 + +..1.o o o rri \o - t F.o I o\ \o.rl t.r.i \cr
6 :- 6- - rt- i- 6- o- o'- rl ;- q N. .o- F-- -- \o- \o- -- o- -

'oFlr'ril(o\Onltrr{O\Oo\o6!n..i..r.\rNordN.l .\r.{ r.{N N N4i.

F6c O - N ..r tt u) \O r- O O. O = ?ili iri d, - 6 iD aa - 6 o' 6 o\ oi o, c^ oa or o\ o Q :o\ o, o. o' o\ 6 o\ o\ o\ o' cn q\ o\ o. o\ o\ o\ or o o.e

tt

O- \o-

tt

di --

lt

th'

F.-.

tt

.1 nl

tt

t-
o.

o
+

F

F

+

t'- t.

++

qo-

++

t--

+

c
t'.-

+

F

.o'

+

+

1
t-

F

+

FF
.o.

+

-.F.

+

F.

+

+

^!.oF
+

a-

$

+

€.
F

+

204

o
+

F

+

F'
CA

+

9
F-

+

q

l'.
+

F.

+

o-

o-

+

l'-

+

q

f

t-
+

q

F

+

+

o-

o\

+

+

S - r'.

-i 4-n

i+r

R vv
3nu

:--03'
n-B{.Et
.9 EE
6'EE

o 5E

f "n".

- EE
; ]i
3 $$+ !P

o t?

€.

ltl

llr

\€-1

EE$E s-o

IEE
\ E.5

iEi
E::P:T
E E.O

rlg
i9b

Ers
EtE
E E.O

IEE

IEs

gEr
A.-

lEsa._

$s*
pEE

*F.

{

d

*
\.
a

!r!

't|
d

'tl

s
s
a

o

o

o.

q
a

cl

a

tr
oo

s
S

6
d

o
o(J
dx
v
!i
nl

s
!o

.:>?

."{ o

o.:
oE
.o:
ile.



205

9.'1 3. nrtn"af, u'[q16onlatlnrtfl u6Aeyioriu (Muruatty Exclusrve Projects)

lunmr]avrfiuuio16onryu.irrlnxnrrrflu66?yrioriu fi.:fird'aGu1c.6on
s .i , t,, i ,"-
trrr.: nlruu{ttn11v L]Jfilrlrntnon lnrr:n1?ou Ln0n rtu nlrtaon tnt.: nlmulo!onrtulluln

turuua?1.1 l,uy[fiulnu n']?[nonyrruu1n1u'tB tutlruou'txroyl']uu1 tun1u1tnfl?nu rYt?o0n

rtuuo'rnlf rynoloirlriu unvnrefrcrrur16onlnrnn'rrloun'?yfi{ri (fulultipurpose project)

nlratnilvrilnr{nrdrvunydrfiofi'eBr.lqrdanoirrflunr: nre'[i66irnryfLLUU NFry lrre'ldrir

rfi slonrnla.:iiuvru (oCC) rfl ud'fl rldounonrliliuurfi eulnel{rir tRR roy B/C ratio olcdr

hJ(ntd'ofiulnfronnrrrld qTnn''coeir{rirsiu6rxnrrimny lnr{n1, A ua: B drfirurnrir

nluuuovzun rvkJtfdunnqir{flu fi1fio.:or"'orfrulqdrrfiunrrrfis'!lnNnt'lolnr.rnrnldr

la al nr: rirl{drErrc,J zunnouuvru4vr6oioiJ o 1fltn?.: n1? NPy (8%) IRR

A

B

B.A
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100

1M
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13Yo

9.4%

nr noi'oodr.:c;rfiu,irurn1{ tnR rflurnrud rrr finmrdonlnrrnlt A Hlnn'i1

Inr.:nm B rnmvlnxnrr a hirir tnR q.:n.j1lnr{n1, B firfrqmrurcrnrir r'tpv udccvrfiu,jr

rir npv to.:Inern1, qyl.Jlnn.j'rlnrrnm ryirfu 17 (d1uu1yt) fi.rll*nuncrN.jrfirr6ontnrunra
h,.i - 2", ,;-

ctolo.i rair?'rr.r LoT.rr u{anluc-c!uc'ru,ruu l LrFr.!.ryiqlrru'tn.:n'r L{c'}flltn.l [nr.!nlrqiNnlt

A.ivluvl{{n11nlU nYUunl?sYnndU LlllnolcytnOn lnt.i n1? [0rl c.lc1t:]Url€nflq19rll'll,l0 LIJ

, ;; xno frc1:rur'jrldrorrirl{irudcufrlfiliuEo zza lrJn.r4ulufinnrfrqvhirir tRR oonrrlrvil

'lar firurn tnn fildirirq,rn,jrrirrdelonrnlo{r.ru (8 yo) fiunoxbirfiu"jrnr:a':r1u1urit"rd{r.r

rir nrnd'eodr.rldnir tnn rvirri'l s.+ v" dlq.rn,ir ay. 
^iu'lunraf,ndu'lc6{ne?r6onlnr.:n']t

B 
']1nn,i1lnr.:n1? 

A

. -i-'lun:fi fr Inr.rnrrfior uri.r nr:rir rilu.lruoanrfl unmtias #o drrfiunrlfl udr.:
iJa ) - Jnn1 (Phase) {.! Lr]0r6ronyllnt{nltr6nutolnr{ n1r:;r]y, 1 (Phase l} unl u.ifi1rJ1rnrlt:rurvl

2 (Phase tt) 6.lrflulrrr.:nrrlurlld nrniflffioturln.rrio 2 ayus!flulnr.:ntr6flrrYrr nrri

tnmytilnrrnrrztr!r:nrrun?irldrfluuoiayrys;Inriinr:rlrsriud'.:dldnnircrr ufro firr.iru

ntrvofiorfiarrtndrrfrunr:ldi.rd unvfirvrrniriu4urfirrnofiaurrnrirrfiu.rrurriorriu
'n" "-i - - -.i ,'Ld 
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