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ThC' need of a water development activity arit;cs from the demand for Wtlter for some 
purpose. After the demand fOI a purpose is estahlished. the availahility of water IC

sources in the vicinity of rhe demand cCIlh'r is :lssesscd thloll}.!h applicalioll of the 
principles of hydrology. The reconciliation of the demand with the availahlC' Icsnurers 
in an optimal manner is the ohjective nf waler reC\{llltTe~ pbHlIlin!! \Vhcre the rc
sourccs arc restricted co,npared to the demand. as for irri}.!:ttioll in some n.'ginflt;. the 
prohlem is appro:lched from a cnnsidcratiol1 of how mllch demand can he satisfied 
with the availahle wnler reSOttlTes. There may he conflicting demands when Illnre 
than nne purposc is involved. Thes(" Imvc 10 he resolved hy estahlishing n priority 
ranking. amon!! water uses. The 100:ation. type. and components of f1 project as well 
as its functional chat acteris'icc;; ate dependent on 'he purpose and mngnitude of de·
mands. Thus the pro.iec' enst ie;; a Ittnctinn pf tht.' demand. But the demand for watrr 
is aflrrted to some extent hy Ihl' cn--t nf providinf! waler \'ia the 'Ho.kef. Th("rcfnrr. 
dellmnd is not :l static prohlem Ihnl can he finally delermined at olle time. The tenta
tivc estimatcs made initially ate reviewed at a laler stagr in thc rlannil1J! process. 
Thr projC'ct estimales arc also revised acconlin!!1)'. The pro("cdun's for makit11! 'entn 
tivc C'sfimatcs of dellwnd for each ma.jnr purpost' of drveloptllent arc dic;cussrd in 
suhsequcnt secl ions. 

2.1 DEMAND FOR WATER SUPPLY 

Definitions of relevant tCllllS lollnw. 
H';Ol(lrtll\'(" tI.\(',~ atc divcrsion of ""'face watf't or groundwater from its sourer 

of supply. sHch as ini!!alinn and W:ltl'f stlpply. N""I\';,,/(I1'(,,\'(11 ".'(',\ ale on~ile uses 
stich as navigation :Iml H'I..·rc:Ilinl1. 
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(·Off.\lm'I";\"(' 1I,\('.~ + nrc that porrinn pI \l.'i~hd, awn quanfity which ir.; 110 IOflper
 
availahle for fUrfher u~c hectHlsc if is usrd tip hy rrops. htlman hein!!C\. industrial r lant

fHOccsses, ('(,,'apotranspiration, and so on
 

\Vater supply requiremcllts u~lIalfy ha\·c Ihe hil!hest priority ,IflHlflg Ihe dC\Tlop

mcntaillses, and \vafer of good qualily i~ nceded Aflhnul!h th(" total qu,mtity nr wilh

drawal in hig cities Illay he relatively la'1:!('. fhe cnll~umpli\'e wall'r liS£, i~ sillall since
 
XO '0 90'7(1 of thr 'o'al intake is rctllrnrd to fhc ri\Tr s~'s'CI11 fof course. irs quality is
 
deJ!radcd). \Valet" rcquircl11ellrs of a city can he divided inlo 'Iuee hroad catc!!orit's:
 

I. ~'"nicip:tl !("C)uiremcflI<\ 'I 

2. 1.:uJ!c i"dushi:)f requirefltents 
r' 

J. \Vaste dilution requirements 

The mdC'I of magnitlfde of three kinds of r('(ptift'lllent, is indira'ed in Fi!!ure 2. I
 
for n Iypicnl city of a population of ahout I)0.000. If the t;c\\'ilge and industrial wa'le
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"ll!urr 2.1 \Valf'l !t:'q"irellW"'" "' a fit\ "I I'O.OflO I'flr"I:I'illll 

.," lite, "ul(' 1(1 or ar,ie-IIIf,,,,'. Ihe ("OIl\lIl11l'li\T 11\(' lI'qllil""WIII (If:r fIliI' '" drtilwd ;1<.. ,Il(' ;1I111l1l111 
nl "alI.'I 11('('dl"d Inl ("flip J~Io\\"h 

Sec. 2.1 Defnrl/ld for Wnter Surp1v 
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'1'0!JJd 1I,).\I;l C II! J.)CII' SJ~"I JSCJ.JJIII 1I0!ICllldUd JUICS JIIIICIII SJ,)I'!SIIO.1 I'UIIIJIU S!II.I. 

P041illtll 41MOJD JUilUJ41!JV Z''''Z 

'1'~IH1JIXJ I"W I',)U!U!" ,)JC SIII!llll J,)11I11 Ju P,)PIlJIXJ I'IlC I'JII!U!" J.W Slu!od 

IIMOII~ U·\\IISCI ,)IIIIJIII,)II·\\ lIu ;l1l!I'II,)d.l!, "I,)I'!'\\ IIJC,\ .iClIl IS".>J.lllJ JII.I. ·AWSS,).l.l1l S'l 

'IUlli .l!II'I/J!",jul JU ;lUjllIl.1S II (jll! ~1:l1I ,i'l CI"I' Iscd ,)111111 I!J JII!I-lllil!CJIS C I,);l III pJIII!" 

S! I! 'JII'I IIpIWJIS C PJfo.lllul JICJIl,DC J.lUUI I'IIC 1"')!",),"lll.) S! I! JJII!S 'llll!ICllIlluli 

pJPJhlJJ JIII"IClqUIII ,).U'II11 JIII"IUI .l.\JII.) S!III.ll,!I'"JIXJ I'IIC 'CICI' JIll SI!.IICIII J.\JIlJ 

C illl!IPI,)~S . ,)11111 '''I!"aC SJll,),i S'bll')') Iscd JO Illllllll"lh,d JIll illl!II11ld JII SISISlIllJ S!III. 

P041illtll llO!SUillX3 Ill:l!4dI/JD l''''Z 

'SIlSIIJ:l IXJU Jill I!lllll SUSU.l) ISI:I 
J41 1I10J) SJlculllSJ ICSII.DISlld JII S,)SIlSII.l:l ""'\1 IIJJ'\\IJ'i JCJA AIIC JOJ SJICIIUIS.l ICSII.l) 

-J,)III! J.lltl!J JI'.' P,)SIl J.W SI"lllpul 1Il1.lI'l.lIllls JIll. 'llIl!p,)!"uJ(1 Ull!lCl'ldod JIIJ 1'.l'1l Jq 

Pllhllis 11I,)III<!JS 11:111 Jll ,11l1'IIl'!II!jJJ Jill 'lolJ JIll JO Jlh:qs Jill 01 jU!llJo,nv '1IIh,,;l JCI

lit 'llil.lJ e 1111 PJlIlllli J4 ,(""l "J.lC '\I'"IS Jill Jll CI"I' 1I0!ICllld,ld J!JOISIiI JII.I. ·1I1l!'''j.>J ;)11:.1 

,cJJS C sc" IIIJUI;/as Ip"':1 '111.\\111;' .I" JI".' ;/llllI!I.);'1' I'IIC '11I.\\IlJ;l :l!PIIlltl!J1: '111.\\\1.,;) 

.)!JIJllllIJ;) ,'c III I'JJJJ.I.lI ,)J" .lS.l'I.I. 'Z'Z JJIl;(!:l JU "IIJIlI;lJ, J.lJlII All 1I,\\IlIIS '11I.\\llJiI 

Ull!lCl'lJuU Jll SIIIJIlJ JJJIII SJIIIIlSS" Ip'lllJlld" IC.>'IClIIJllIllllI JII.J. 'UlJOj IC)!ICUIJIIICUI Jll 

:l!IIUCJilll' SJSAII'"C pUJ', AIII"IIIJS',) JJ" SI'"IIPIII .lSJII.I. 'SJI'I'"!I',) IIlJJI'PllltS JIlj I'J'II 

JJC SI"'IIIJIII IC.1!ICIIIJltI'llll I'"" 1'1.1!lldcJiI Jll SJ!JllilJIII.) Jill IIl1lJj S')llh!"II,);)1 "!"I-I,).) 

S31VItIlllS3 ItIlU31-1UOIIS "'Z 

Z·tJ~,,) ""eM 10 pllllUlaO 

.'''"l,Ill pJ'I!.J.)SJp sc '1IIJIJ.I!!p S! SJI""I1ISa .111 SJU,'I 11·\\1 as.l111 Jill JSII III sl'uIIPIIi jll 

J:l!lllP JII.1. .')hllll JIl SIl:J,\ O~ III 01 J"j :iIl!lSC,),)llIJ 11IJ,)I,i1lh'l (0 I'"C 'SJCJA 01 II) 1 
Jllj S;)ICIII'I'J IIUJI I.hlll' (II ;).IC pJJ!,.hJ.I SIIU!pII'JJd 1l1!ICllIll,)d JlI SJl.I,\1 11,\\.1.

' 
"I'm lldlll IIIJIIUdllllJ.) (I') pIli: '1I11!ICI,)JJl)) pllC lI!lllJ (0 'ICJ!llllll 

-;)ljlCIU (Z) 'IC:l!IIJCJ;) ( I) :SJllh!IIlP;)1 :ill! ISC)JJlIj 1I11!IUllld"J jll SJI.hlil,)IC,) PClIJII JlllIj 

JJC J.I;)II.I..SI"I.l.11 ;)Itl II! slj!IIS Jlllc4".I<I Jill J,)P!SlIll.) 'pOljlJIII 1l1l!pJfllJll IIlJJI' ;llhq 

'S',)S'C 1I111I1,1!JJ!P JIC IP!II'\\ 'SI'",).lIISllJ 11I1l.lj SlIllIlll!";)P S1I1I1I1I!I"ll,1 S;),\IUIIII! 1111I\IlJa 

111:1111111 :l!IIIl:IIAP 'JJ"'J"\"II 'lsI:d JIll JII IIJ.lIICU ,)111 1I\l)II"j 1'1 pJP;)UXJ ;)JIl IIU!llq 

-lIdlld "! sJ,ltliap J.llllllj "!JJ;)'I.\\ S!SAICIIC P";)Jllll lI!cpJd sl',lIlpIIl ISIlI'll 'SlIlI!IUII'IISSC 

JSJljI jll ",II!'IC!PJ JIll 110 JJISC:lJ.llIj Jill jU IUJlllapu!' Jill "! S.l!1 ISC)JJuJ JU SSJ,))IIS 

JI1.1. 'SIlIl!IJIIIIISSC I!J"dx;) puc I!'>!ldu,! 1I:'.l.\;)S SCII IJl'mu I'JICJ!IS!lllllls AllY 'XJld 

,UIO) JI!ub S! Ih'!ICI"Ull,1 JJIIlllj jllllll'P!I';)JU ;)111 'lIl1l1JIIIlIIIJIld ICJIIICIl JJljlU AIIC .l~!'1 

DNllSV:>3UOJ NOllV10dOd £'Z 

'SIIU!pJS 

all!Mol\Oj JIll II! pJSSII:lS!P JJC -J;)CSII JJIC"'\ CI!UC:l J;)d puc S;)ICIU!!SJ UOIII!jllduu
 

__(I'Z) .hJ "! slu,)IIIJJ!lIh;)J Icd!:l!IIIUIl JljI ;lu!sSJSSC JIIj SJ,)IJUICJcd UM) ;)11.1.
 

JilCSII) (PIIlJdd 1l'il'SJP)
 
cI!dc) x jll I'"J JljI = AI!IUCllh pJJ!"hJJ


lI'll L'II ( 
JJd IC 1I11!ICllIlh1J 

:l11l!ICpJ .lldllllS ;)II!MI)II"J JIll A,! I'JICIII!IS;) J.IC SIIIJUIJI!lIhJJ Icd!,1!UIII"Ii 

"\Iddlls jll IS\») I'"" 'Slh'!llfJllll.> )!ICIII!!-l 'SIIIJIIIIls!I'ICISJ IlqJlsll1'
 

-U! 1'"11 IC!)J;)IUllh)) .11' Ji!S I'uc JJllIl:U 'UII!ICllld\IU ;)111 jll SJ!IS!JJpCJClp '",)) jll J'L!S
 

'c SJlll.)I:j IpUS Ull i1lllpll.l,bp 'JI'II:!·II:'\ Alllj!ll JJC SIIIJIII,)J!lIh,)J Icd!.1!"UlII .l11.1. '111;)1
 

-SAS Ihllllhl!.IIS!1' JIll "! S;)SSlIl (~) pIll: '1I1JISAS JIC.lCUJS I: i111!,.,CllllIU SJ!'lsIII'U! .\'1 ,)SII
 

\C!IISIII'U! IIclIIS \1'-' 'SJlIl'llIlIq I'IIl: 'S\.lI'''1 ·SJJlIIJ.) i111!duIIiIS II! JSII II:!JJJIIIII'",) (0
 
'all!lqa!jJJ!1 Jllj I'"" silll,pl!1I11 ')!\'III,I U! SC IpllS SJSIl J!I'IlIll (ll '<!U!UII!I!P"II) J!C puc
 

'311!PIU!'ds 'ilIIIIISI:II\ ';jIl!~llllJ 'i1I1!~II!JI' sc S;)SII ,)!ISJIIl01' IplIS (I) SJlllljJlI! S!ILI.
 

SlN31t1l3Uln03U lVdl:>INOItll Z', 

·SIII;)III,).lIl1hJJ AI!) IS;)i!JCI ;)111 11l:,,1 JJIlIlI '(II,,;l!ls "1"11 Jq
 

11\." "IIJlIIJJlllh;)1 \CllIl ;)111 ";)ISI1." I'JaJClpS!1' ;)1\1 J"IIl'!IC)Ij!JlIU JIlj IIJJMP4 "! aJUCI
 

_,II' 11I,)!JIjI"s 'I/!'\\ ")o\!1 JIIIl:S JljI \II' I'JI""I!S JJll SJ'II.) IIC j! 'SIIII.I. 'lcllIl ;)111 jll Ull!1
 

-JIlIj IIcIUS C A\UlI SI IUJIIIJ.I!"hJJ ;).\!ldlllll'U") ;)111 pUI: 'J;)II!J JIIICS Jllllhl SJ!I!,1 11'1111
 

;)\'IC!!co\c S! ICljI JSII 11:,\\l:JI'III!II\UIIU C S! IIIJIIIJJ!nh;)J ulI!lIII!1' JljI JSIlC:l;>q AlP Icnl'!"
 

'!P"! Jill jll SIIIJIII;)Jlllh;)1 Jill Jll IIIIIS Jill III \Imb;) 11111 S! ,J!I!) jO J;>qIlIllU C JlIJ IUJISAS
 

J;).\!J C "! IIIJIII.lJlllhJJ AldJlIs J;)IC.\\ 111101 JII.I, 'AjlIIJlIbJSIIIIS pJSSII:lS!P sc AIIC!IUCIS
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In 220,(KKI = In 2IKI.lKl(l -I /(,(15) 

or /(r = 0.()(l(i.15. 

2. ropulation 'hat can he ~erve" Ill' the p'anl: 

51.0( 10")--  = .10'1.0'10 perwn~ 
\M 

I. rfOm 'he known I'opll',,'ion <I,,'a: 

Solntlon 

") 

J.	 Timc to rcaeh the <le~i!!n pllplliation: 

In .'1)9()'10 = In 20ll(Kl() 4 0.()(l(i,'5(1) 

llr I = (,R.55 yea". 

5 LONG·TERM FORECASTING 

Long,lelln prediclion~ are made hy ledmiqne~ (rom all (our ca'eJ!0rie~. The entire 
pa~t reeord of hi~toric popllialion data i~ n~ed in ""'g ·tCllll I"edirlion~. 'I hc mathc· 
malical curve·rilling appronch i~ poplliar hccan~c il i~ relalively ea~y to apply. 
McJllnkin (19(;4) indicate~. IIll\Vever. 'hat the cnmponen' al1(\ ra'io melhod~ orrer 
grealer reliahility than Ihe Irmlitiona' graphical, malhema'ical melhod~. 

2.5.1 Grllphic Comparison Method 

Several 'arge.r citie~ in the vicinity arc ~elccled who~e earlicr growlh exhihiled char· 
acleri~tic~ ~imilar to Iho~e of Ihe ~tndy area. The population .. time curve.~ for Ihe~e 
cilie~ and (or the ~hllly arca arc plolled a~ ~hown in riglll'e 2..'. From poinl O· corre· 
~pon<ling to Ihe la~1 known populalion for ~tll(ly area A a hori7.onlal line i~ drawn in· 
ter~eclin!! the olher curve~ at (). At 0'. line~ parallel 10 on. OC. and Of) arc drawn 
n~ 0'n·. () 'C'. and 0' /)'. re~pectively. The~e line~ e~tahli~h a range or future 
growlh wilhin which 0'11' i~ cxtcnded. Thi~ method ha~ a ~hortcoming ~ince il i~ 
nol certain that Ihe future growth of Ihe ~Iudy area will he ~imilnr to Ihe pa~t growth 
of Ihe olher nrea~. 

2.5.2 MathematicIII Logistic Curve Method 

Thi~ melhl1(1 i~ ~lIitahle for the ~llIdy of larj!e populalion center~ ~uch a~ large citie~. 
~tate~. or nalion~. On thc ha~i~ of the ~t\1dy of Ihc growth curvc of r'igure 2.2, ccrlain 
mathcmatica' el(uation~ of an empirical curvc conformin!! 10 thi~ ~hape (S· ~hapc) 
wcre propo~ed. One of the he~t known fllnc'ion~ i~ the ",!!i~tic clII've in thc form 

l' 
__ o __ )Il.L.;;; 

, -. I ·f tlr 
(2.R) 

" 

wherc 
1', = populalion at any time' from an a~~llllled origin 

''." = ~aluralion poplliation 

"." ~ con~tant~ 
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lIi~lnfir: rb,~ Eliltfinrf"!'d 9,nwlh 
,no 

o ,160 
I 

,I140 ,
G ,Ic 
~ 1~0
 I~'
 
0 
~ ""I .18 

,~ o'£ n""v, ./c 100 ,1'/ A'<l,:\' /0 
f ...~'	 ~/.~ ,~~/:; 

0 no ", (,~~~,. C\\'f ~.. ·Ie
 ,~'1/
of ........ c·
o ,,' 0 ,(:..... 

60 . '.J _....'•• •. ;]1 . .__ 
I ....• /0,

I .' . 

~ 
'., • __ 0 0\"1
'.'~O f". " 

l;,,'70 
f:f!n'IJS '\. 

.l-.....J......_.L-L~. 'J • I ! I 
30 ~O r.o GO )0 '900 90 7000 

V"/H, 

·O'R'I,r:.rl'lH"ltn Ot~ 
"'C' I, r'lr;,I1.. , 1o O,Cf'IRllrf' 2,.1 (il:'lrhicnl rmjrClion hy 
O'O'i'1l"'iJII"'tI10]D

('nU1p1tri~,'n, 
O'It' is rrojl!Cl~ CUNI! 

The cnn~lant~ nrc delcrmincd hy ~c1ccling Ihrl'e populalion~ from the record: 
one ill Ihe beginuing. "0. oue iu the middle, 1',: 31111 one near Ihe end nf Ihe record. 
1'). a~~odaled with Ihl' yenr~ 70, 1',. and 1') ~uch thaI Ihe numher (1f ycar~ Iinlerval) 
hclwl'ell To alld 1', i~ the ~amc M that hetween 1', anei 1'). Thi~ interval helwcen To 
and 1', i~ de~ignated a~ 1/. The c()n~lant~ are given by 

21'01',1'2 _. 1'\(1'0 + "2) 
1'... = (2.'1)---,.--,.-=--,.r-

fI 1. I 

l' - l' 
II = ,,' 1';:J1 f2.1O) 

I [1',,(1 .... - I',) I" = _. In --_ ..-.-_..	 (2 II) 
1/ -",U·... - I'll)	 . 

III e'l. (2.R). lime , i~ counled from the }'l'ar Tn. From l'lJ. f2.'1l. "." IIIll~1 he 
po~itive and mu~t exceed the lale~1 known p"pulalion. A Il'~l o( thl' validity of 10J!i~tic 
J!rowlh i~ thai the populalion dala plol a~ a siraighl line on ~I'ecially ~cal('d (I()j!i~tic) 
J!raph paper. (The graph of Illg 1(/'... - 1')/1' I versll~ , i~ n ~trnight line.) 
EXAmple 2.5 

In Iwo m,yrar f'<'ri(l"~. a cily grew fro,,, 4~.nI)O 10 2.~R.1Xl() 10 4,1R.IXKl. h'ill1afr 'al Ihe 
~all1rarinn poptll:"inn, (hI Ihe equation or rhe Ingi<;lir curve. :'1IHI (e) Ihe p(1rlll~li",n 
40 yea" affrr fhe 1"'1 pcri",!. 
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Solutl"n 

1'" = 45JXXI
 

1', ~ 25R.lXXl
 

1', = 4.1R,IXXI
 

" ~ 20 

(A) FrOfl1l'lI. (2. ln (eJtplt'!'~il1)! 1I1111lhn'\ ill 1111111~allciL 

2(,I.~l(15R)(,I.lR) (25RI',·15 I 4\R)
I' "' .----.-- -----... ---------- - .-- .... -- ,1(,11 IMXI

,,' 1'15) (4.\RI l25RI' ' 

(h) !'r01ll e'l. (210), 

4(,1) ,15
 
" = -'4~ --- = ".'12
 

FflllIl e'l. (1.11). 

/, = ~ I"l~~~(~'~~-~~~!I - 1l.122 
211 25R(,I(,'1 -- 45) 

The Cqll;ltiol1 of the InJ!i~li( (ur\,(': 

,\(,'IJXX)" :-: ..._.- -_ .. _-- 1.'.12) 
, ,., q .... 2r n 1~:"1 

(e) The lilllc [rolll Ihe he!!i""i"!!, , ~ 411 I ,Ill ~ RlI ye",,: II,,,, 
4(,".IXX)

J1 = ~9:'~2;liiifliiii := .1Mt.7 t1n p('r~nn~ 

2.5.3 Ratio and Correlation Methods 

1\ cily or 'malic I' arca i, a par' of a rel!ion. ,laic. n"lion. or lar!!cr arca. There arc 
many fat· tor, and influence' affectin!! population growth ocenr Ihrou!!hn1lt the re
gion. Thu, Ihe !!rowlh of Ihe 'mailer area has ,,'me relalion I" thc growth of Ihe 
largCl' area. Recan,c a careful prnjection of the fUll1l'e I'''pnlation 01 Ihc n"l;on and 
,talc, (Iar!!er arca) i, made hy the aUlhoritalivc or!!,mi7.atim", Ihe,e may he u,ed to 

foreca,t the growlh of Ihe 'mailer "rea. 
In Ihe ,imple,t ledmilluc, a constant ralio ohlaincd fron' Ihe n1\"1 rccent dala i, 

u,ed '" follow,: 
1',

"', - "r; f 7..1.1) 

1', ~ 1<:, /'; 

where 

1', ,- I'''I'"laliln "I' 'Illdy :tI,'a at la,t censlI< 

I'; '" p"I'"lali"n "I' larger 'Ilea al lasl (Tll<n, 

1', '" IlIlnll' p"I'"lali"n 1'''1' ,,,,,ly alea 

1'; '" e,limaled fllture l'''I'nlali"n of lal!!el area 

"':, -- nm~talll 

Demal1l'f of Water Char. 2 

In a rdined techni(l"e min!! fhe I'arialion in ""i",. 111(' rali", of Ihe"naller 
arca 10 Ihe 1:11 !!er area poplliation arc calclllalni for a 'eries "f cemu, year,. fly ,,,in!! 
any of Ihe !!raphical or malhemal ical melhod, of short -leI'''' e,t imate, (Sect;"n 2.4). 
fhe Irend line of Ihe rali,,, i, projeclcd. '1 he I'l'llj,'cled ralio in Ihe year of inlere,t i, 
aPl'lic(1 to an e,tinlate of the ,tudy area populalion. 

In anolher 'Iati,tical melhod. Ihe correlalion tcdmi'luc (Ic'nihed in Chapler 7 
i, applied. nelween Ihe Iwo 'erie.< of cen,", ,lata relatin!! 10 the <llIdv area ;md lar!!er 
:lIea. a relalion i, eslahli,hed Ihrollgh Ihe l'{'l!re"ion analy,i,. h'r example, a <imple 
le!!re"ion e'lllalion ",ay he of the followill!! for",: 

1', ~ 01'; t " , 2.14) 

whete 

I', = popllialion of Ihe ,I"dy area 

1'; 
a." 

= 

= 

popllialion of the re!!ion (Iar!!cr areal 

regression con,lan« 

The fllture p"pnlalion i, projecled from eq. (2.14). 

2,5.4 Component Methods 

1\ p"pllialion ch:II,!!e can "l'rur in onll' Ihree way" ,I thy hil1h. (2) hy dealh, anrl 
(,l)lhlollgh migratinn. The,e (('mponent' of pop"lation ch'"'!!e can he linked hy Ihe 
hal:IIK{' eqllation: 

1', '" 1'" t· /I -- " 1: M ( 7..1.~) 

whele 

1', = foreca'l p0l'lIlatioll al Ihe enil 01 lime' 

1'" = exi,linl! p"l'nlalion 

/I = nllmher of hirth.< durin!! lime r 

/) = ollmher of "ealh, durin/! lime r 

At = net nUllIher of migl:mls dllrin/! time r (I'",ili\'e 

\'ahle in"it'ale, moving inlo Ihe ,llIdy area) 

flecau,e migralion afkrl' Ihe hirth, an" dealh, in an area. Ihe e,timale, of nel 
migralion arc ma"e herore e,limaling (he nalural change dn{' 10 hilths and dealhs. The 
mi!!l:llory Irend, may he e'limated hy applyin/! eq. f2.I.'i) hackwanllo Ihe pa'l cen
<II< "ala on popnlalion. hirlh,_ an" dealh, tlnrin!! a 'elecled pcri"d. The <chot,1 allen. 
(lance methnd. comparin!! Ihc aclllal children emollmen( to the l'hil"r,'n from hirth 
tceonl,. i, al,o IIsed for esli",alin!! mi!!'ati"n. 

For delerminin!! the nalural chan!!,· dlle I" hirlh< and dcalh,. Ihe <imple<1 pro. 
r('llure i, t" mllltiply Ihe exi.<lin!! poplllali"n hy Ihe expecled hilth an" dealh rale,. 
Ihal is. 

/I '" II', 1'" ,\r 12.1(,) 

" ~ 11',1'" [:,.r (217) 

Sec. 2.5 Long-Term Forcen'linll 23 

.. 
,r, 

22 



-----------------------

.'._._--- -_ ..... _...._-------.__. 

whcrc 

K,.K z birth allli dcath ratc. respectively 

~I forccast pcriod 

nctler estimates of natural chan!!c (hirths anel dealhs) arc madc hy thc cohort
survival teehniqllC. which makcs projcct ions 10 each s"hcomponcnt (factor) rclalcd 
to thc natural change. 

2.6 PER CAPITA WATER USAGE 

Pcr capita lise is normally expresst'd as thc avcragc daily rate. which is thc 1I1ean an
nnal "sagc of walcr avcragcd for a day in Icrnls of gallons (or lilcrs) per capit:1 per 
day (!!pC(I). The scasonal. monthly. daily. and hourly variations in Ihe ralc are !!iven 
in percenlages of the average. Which of the.se shonl(1 he "setf for the design cap"cily 
depends on the c01l1poncnl of the waler snpply systelll. The layOl,Is of tWI' walcr 
snpply systellls- onc for e1ire('1 pll1l1ping fmlll a river or fro1l1 a wcllneld and one 
for an illlpolln(ling reservoir -. arc shown in Fij!ure 2 A. Thc perioel of desij!n for 
which the pllp"lation prnjection is to he made "ml the de,ij!n c"p"city nilcria of dif
fcrcnl cOlllponent stnKturcs of the syste1l1s arc indicalcd in Tahle 2. I . 

Y
n;y~: 

/y..........CO?,,"'.P
 
..... ~~b,;. low IIh Hi"h lif' Oi,triblliion 

p 5y'll!ln

", ""m\"d,..m Smo.. 
............	 ,,.~~'yoi,
 

~ L. ''( _ ,TflTfl,I ~ Inl,"" C""Y'V."" 
Wr.IlIif!1II tont!"it l,~,,' r:o"rlllil _[lUJ

pl:mt 

~1If1I'IV 

l1 ipr.!O 
S,..,yir,. dty 

"S"Yn;, \ 

-c=>- Cn::,~:r~::;c, ----~-=iJ J-[illI~ 
hnrollnrl.'nq 1 rl";'!lmrnl 

rrSf!rvol' "I;,nl 
Oislrihllli.,n 

'v,t,.", 

n~"rt 2.4 f.;,y"nln' IYrir:l1 \\':ll("1 o;lIl'l,ly W~'("lIIo; IflOtH bi,. Ci('~·ct. "n,1 Okun (Il')(lftll 
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TABLE 2,1 DESIGN rERlOI1S AND CIIPIICITY CRITERIII FOR
 
CONSTITUENT STRUCTURES
 

SlruClllrc	 -----------_.-._----
f)('\i(!" I'nitltr f~citrq 

R('II"irrd C:1r:tl if)" 
1. Sllurre flr ,,=upr'Y	 ---._-----

:l. Ri\'f'r
 
'nllrfinik


h \Vrllfirlll ~f:l~"lIl1"l ,bil~ Irrlluil("IIl<'nlo;l
 

<:, RCo;t:fVflir M:nillltlllltirtil)'
'0 2s 
;'I,li ~o

2.	 C·"ll"q·:mcr A\TI:lfC 11l1nllM IICIll:lnd
 

:1, In,,,kc cllnclni'
 
:'.ili ."0 

h	 Cn,,<Iuil '0 't(:lIIIICnf rill,,' "':n.imUllltbily
25 ~n

.\, PlIlIlp"	 ~f;nilllllll1 (hily 

a. I.nw.lin 
II) 

M:nilOlIln, "~ily r'no; lmr 

lIi~h.lifl H'<;:Cf'(" 111111
In 

M;niIllU," hnlltl~· 1'1110; ,mc
 

-1 Tlc:ltmrnl rl:llli
 1('<'('1\'(' tllli! 
II)	 I~ 

.0;. ,C;rrvin" t('~crvoir	 M;nII1HHll rt ... il~· 
]1) 2.~ 

\\'rtlkill~ o;!fI,,,1'C ,rHl111
 

hl1l11l\' flrm:lfl,1 :l1U1
 

"'('r:l~" rlllllf'ill,l phi"
 
fi,,· d("nI:1ll1l rhl"
 

(,. Ili~"ihlliinn ('111(",:"('"( ~ 'Iflr"f!('
 

It. ,C;;urf"Y ripe nr CllOllllit 
2.~ sn 

r :'I":llrr flf (II Ill:l~illlllm 
,'"jly rlno; fire lI('lI1ltn,f

II' f2' rn:uimtlln hnnrly 
rrquircm("nlh. Ili~"ihtlti(l" (!rirf	 )FilII 

dt:\'tl"rmcnl 
._----_.__._-~----~ .._----

'''rk:lOi~n periC""" tln('~ not nrc(',,!';ntil~' infti(';,lr lhr lir(' tlr Iftl" ";'",('111'(' 1\ lk~i'll rniod loth" in In "tTnnnl
 

1

1

11u:r f.,(·ltl'~. ~lIrh II." ~u"'!';(,tlltrnl (':10;(' of utcn,inn. ,:Ile nf rq,lIIhl,inn "to" Ih "m' ,lIin, in Ctltn""mi1r.
 
~l1rl jndtlo;Iri~l/('f)m'"('t("i,,1 tl('vrlnrlllCnl!';:, 

2.6.1 Average Daily per Capita per Day Usage 

f'or ho"sehold \1St". the per capila rt"'1l1irements or water range hetwcen 20 and QI) !!al
lous per day. wilh a rCllSlluahle avela!!c Ilf (,0 !!a"ou~ pt"r day. ~luuicil'al waler \1St" 
sholliti. howevcr. also include conullercial nse. small iudllstrialllse. pllhli<- lI<e. ami 
losscs in lhe system. /\ typical distrihution ror an avcragc city is !!ivcn iu Tahlt" 2.2. ii

f

TABLE 2.2 TYPICIlI. IIVERIlGE USIIGE 
-------_._-----

I\\"('r;)~r 1,~(' 
"e,ernt llf11,,1: 

rllial-_._----------(rl
x
'"'' 

Ifnll~chnld (.0 411C"C1Illm('rci:" 211 1\ 
Intfu"I,i:l' 

4~ .lfl
"liNk I ~ III
I.n~~ 10 J
 

Tnl:ll
 '.'il) 'Ol} 

·I.iln - ~:lllnfl" Y .tR 

Sec. 2.6 I'm Carita Waler Usa(le 
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--------------------------------

where 

Q = required fire now. gpm 

i\ = total noor area excluding Ihe hasclllent. fl2 

C = codficient: 1.5 for wood frallle construction. l.ll 1m onlinarv constrtlclion. 

(UI for noncomhustible constnlCtion. amI 0.6 for lire-resislant Cl'l1struction 

Thc following lilnilations apply to eq. (2.20): 

t'· I.	 Flow should l1(,t ncced (,000 gplll for a single stmy. ROllO J:1'1lI for a single 

htlildiog. or 12.lKKI J!.pm fr'r a sinJ(1e file. 

2.	 I'\ow should not he less Ihan :iO() gpm. 

The duration for which the fire lIow has 10 he maintained is given in Tahle 2..1. If 
lhe time periods indkated cannnt he ominlained. the cornollmily insurance rales are 

adjusled upward hy the insurance cOlllpanies. 

TABLE 2.3 DURI\TION fOR fiRE FI.OW· ---------------_._._-- .. _
Iltlf:11inn nnlRequifret rirf' nnw (J!.lllltl 

~<1Il00 
sIIlO1J.-12sn 
(,

12~1I-lsll(l 

l~oo-l7sn 1 
R17sn-21MMI 
?2IM)()-22~11 

10o-22s0
-_._----_._'--- 

·Sfluru: Sled ;met MC<ih~~ (IQ1Q, 

Example 2.7 
1\ cily with. popIII.t;oll nl 2ll.(J(J() h.s .n .ver.f." d.i1y usof." 01 1511 f.rrd. Delermin" 
Ihe fire dem.nd "IllI 'he desi!!n e.p.city lor ,Iifferent eompnnents nl. w.ler supply pmj
eet. The workinf. service slor'f.e ;s 1.5 mf.d. 

Snlnllnn 

I.	 Fmlll Exalllple 2.6. 

m"illlulll d.;ly usof.e = 270 f.rrd 

lll.xilllulll hnlllly	 USAf.e = ~lI5 gpt:d 

1511(211.(J(J(1) 
2.	 t\Vel"ge d.;ly ,h.ft ~ -\0.0<,(1"" ~ -' Illf.". 

2711(21l,1J(l()) 
3.	 M.x;lllulll d.ily ".. ft = -j-,IJ(J(),(J(Kl = 5.~ Illgd. 

. 4115(20.fJ(J(1) 
4. M.XlIllUIll hourty d..ft = -l,iKilj"J(]lI- = R.l Illf.d. 

S, Fire nnw Ilrolll e'l· (2.I Q lI: 
Q = 1(120\1:/0(1 - lI.O"(:/O) ~ ~J5R PoI"u or 6.27 Illf." 

Ii. Maxillllllll ".ily ~ (ire nnw ~ 5.4 I· 6.21 - 11.67 Illf.o.!. 

Oern."d of Waler Chap. 7 
28 

7.	 I'UIllPS: Assulllc th.1 Ihe required nnw i' ,,.ndlc" h)' Ihree uni" .nd Ih., one reo 
~rl'\:C lInil i~ im;f;-tllcd. 

" ifn.	 Lmv.lifll"llupS = 1 (maximum "ailvi = -:115.011 = 7.2 m~" 

,I 4 
h.	 lIigh·Ult pumps = ~-(maxi,m,m houri}') = j (R.I) = IO.R mf.,1 

R.	 Srrvjn' 1'C',;('r\'(lir: 
,~.:I. rire n"w dmal;oll (lII1m T.hle 2..\) ~ III hr
 

III

h. To,.1 qu.nlity "I lire now in • ".}' 24 (6.27) ~ 2.61 m~". 

Co Wmkinf. sloll'ge (~ivenl = I 5 m~".
 

rl. Emerf.eney Sl","!!~ = (",y-)(:I\·c..~e daily ,,,.11) = .1(.1)' = 'Imf.".
 
c.	 Service S'Of'f.C = 2.(,1 ·1 1.5 I· 'I ~ 1.\.11 mg'!. 

9.	 Design e.p.eilies: 

----- --------------_._-
SlIuclurt H:1ti, Ci'p:tf'j1r fm~lh 

-----~---------- ----- ---- ._----.._. ---------
Rivrr nnw ~f:t,illlllm .l:'lil,v q 
Inl;lltr. ("n"fl"il. M~"jmum fbil)' q

~nnflllil '(l "('~"I1('nl
 
'.Il ..... -lift rllmr~
 M .. ,ilnllOl fbil)' rIm 7.2 

rrtef\'t
 
Hi~h lin plllllJ'!'
 M:n,irnl1l1l hnnrly rim In.R 

fC'~f'f\'~ 

TI(';lInt('n, "l:"lnl M;ni,mll" 41:lily .,."
Service ~tnr:tp:e W"flcill[Z ~r"r:1f!(' 1111 

rl"o; fire rim 
~",('rJ!tn('y 

f)i .. "if,lliinn :-;y~1('m Miuinnll" ":til)' rlllt 11M 
11,(' nr rn:uinlllTll 

hnUfI,~' 

2.7 INDUSTRIAL REQUIREMENTS 

Tahle 2.2 inclu<le<l a typical induslri.1 "'aler cOlllponenl rrom a puhlie water suprh
 
system. This is nol adeqnate ror a conll1ll1nily with lar!!e waler-using indnslries. The
 
large ind"-'lries arc nsnally served hy separote snpplies. "honl 5% of fhe industrie.
 
'''e RO% or the illllnsirial water <leman<ls: 70% or the indnsrrial pl:lnl._ nse as lillic a'
 
2% or the dcmands. Therm.II".wer ~lalions arc the hcaviesl waler mers. with arc.
 
qlliremenl of 600 gpnl or Rn !!al/kWh on Ihc avcragc. Olher major water-using in.
 
duslries :Ire sleel. paper. and he"erages. The avcrage in(hrslrial rcquiremenl for Ihe
 
enlire country lexchldin!! Ihernml po"'er slat ions) i~ 25f110 J(KI gpcd. ·nle rcquirell1ent~
 
of individual industries per unil or lhe prn,Iuction are indicated in Tahle 2.'1
 

More Ihan 90o/~ 01 all 'he w:ller use' I ror illlhlslr ic~. including thermal power
 
Slalh,ns. is ror cooling purposes. Many measmcs l·an he t.ken to re,lule Ihe conlin/;
 
requirell1enl._. such as l"'HlSlrucfin/! an arlifidal pond, recircllialing lhe cooling water
 
or using ,"""-quality w.ter 110111 a different SOlllle. The fiJ!.'"es list cd arc arplicahk
 

Sec. 2.7 lnrillstrial Requirements 29 
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7.	 City walf'r ~llpl'ly u'quirnlll'lIl'" :IU' "'1I111Illali/nl a'" lllllll\\'~ 

Srrlor 111):'11 

~hl!lidJ'rtl rt'ltnilrlluonlo:: 11 

l"tl""itrirtl fr'I"itrnWnl"i 1m 
Wrto::,c Ilihllillll U:llitilt'mfnll, 117'\ 

.. DEMAND FOR IRRIGATION 

The demand of waleI' fIll ill'il!alion ,ll-l'clllls on sc\'Cral brlors. ind\lllin!! lhe IlIclhod 
of irril!ation. Iyrc of nlll 10 ht' !!Illwn. cllndilion 01 'O,il. and plcvailin!! clinlalc. Thc 
folhl\vin!! tcrms ale relevanl in Ihe CI'mpulalion. 

1.	 (·"".w",,,'i"r lI.<r ",. ''''''/' I'r'l";rt,,,,OI/: Ihe ,"nlllmi of water needed for nlll 
!!I'll\vlh. 

2.	 /r";gll'ir,,, I'r'l";"'",r,": consuml'livc usc "';'11'.' cfkctive rainfall availahle for 
plant !!rnwlh. To this quantily Ihe foliowinJ! items. whichevC'r is "l'plicahle. arc 
included: (a) irrigation apl'liclll'rior to ClOp I!l'llwlh should he a,hlrll: (hI watcr 
required for leaching slll1uld he :uhle,l: Ie) miscellanellus requiremenls of I!er
mination. frosl protection. pl:lI1l coolin!!. an,l so on. shollhi he added: allli (dl de
crease in soil moist lire should he suhtmcled. 

J.	 FfII.", dr/i"rrr I'rtl"i"r",rlll: irri!!ation requirement ,,/11., farm losscs due to 
evaroration. deep percolation. smface waste. and nonproducti\'(' nmslllnptilln. 
The losses ar.. m('asured hy th.. on-farm irri!!ati(ln efficiency. which is the per
('ent Ilf farm·delivered waleI' Ihat remains in Ihe rnot 7.one and is availahle f,'r 
ernp growlh. 

4.	 (;ro.u lI'nlr" rr.qlli"r",rlll: fann Ill-livery requiremenl "II/.' the seeral!e losses in 
the canal syslem frnm the hem/works to the farm unit ,,/11'< the waste of waleI' 
due to poor operat ion. 

The !!ross water requirement is indicated in terms of Ihe d"pth of waleI' ,weI' 
Ihe irrigahle area. The hasic quantily of interest is Ihe conSlllnptive lISe of Ihe crops. 
frnm which the ef!rclive precipitation is suhtracted allll various losses arc mldell to 
..stahlish Ihe !!I'llSS irriJ!ation dem,nltl. 

/I. consid..rahle qllantity of Ihe wain applied 10 f:.... nlan,I retullls to Ihe livcr 
system. This includes SIn Iace IIInolf dnl in!! irril!al ion. wasled waleI'. can,,1 seepal!e. 
and deer percolalion. This may he fl'llln .11110 ('O~· (1f the J!rnss requi,emenl. /I.h'1111 
one-half of this reaches Ihe river Ihlllngh J!l'llln1llwaler IIow. The relnaindn I'l'a"h('\ 
the river as smface IIInolf dming the ill il!,"ion season "nd thus hecomes availahle lor 
usc to downstream proiet'ts. 

Irrigation pro,iecls mllsl inclllde sllhslldaec dr"in"l!e faeilities. as " measllle 
a(:ainsl watedof:!!!inl! and salinity. D'ainaJ!e is desl'lihed in Chapter 17. 

32	 Demand of Water Chap. 2 

'"
 

2.9,1 Consumptive Use of Crops 

'J he con.sumplive usc and evapolranspiralion frnm a ('fopped ar..a arc c(1nsider..d 
synonymous. Nllmef(ln~ procedures have heen devised 10 e~tirnate the C(,"sumrti\'( 
Il~e. /I. method cOlnmOllly applied tn lhc cropped arca is d.. scrihed here. S(1me olhel 
methods arc discussed in Section .'.R. The dala from acftlal fann M1pcricnce or e, 
pcrimenlal hasins. wherever avai"'hle. ar.. l!iven preferelKc over Ihe comrulational 
prncedurcs hecause of Ihe empirical consl'1I11s involved iu the Ialler. 

2.9.2 Blaney-Criddle Method 

For Ihe CI,"dilions in Ihe arid weslern re!!ions of Ihe lJniled Stales, Blaney and Criddle 
(19'1.~1 proposed a relalion lhal deleffuine,' cnnsUlnpliv.. usc as Ihe uUlltiplicalion 01 
the mean rnonlhly lemperalures. monthly I'ercenl of annu"l daylime hours. and a n' 
efficienl for individual crops lhal varied monthly and seasonally. The cnefficienl~ 
presented originally were Ihc seasonal vallle~ for Ihe entire gro\\'in/! season of crnps. 
Suhsequently. moulhly cneffiei..nt values were sug!!ested rIllaney and Criddle. 
19/\2). IIowever. Ihese coefficienls did not include Ihe cHecls of hnmidity. wind 
movement. and other climatological fac"".~. The modified IIlaney.-.( 'riddle melhod 
(I1.S. SCS. IlIM) ~plitlhe l'Oefficienl in two palt~ 10 consider Ihese f:ldors indirectly.
The modifiell l'orn1l11a is 

(' 
(I = L K,l(,'miixl lunhalanced I (2211

wherc 

U = constnupliv.. usc for any specified growth r eri,"I., in. 

1<:, = c1imalic ('(>efficienl rclate,I,lo mean Ilmnthly lemperatllle~ 
/f, = grnwlh sla/!e coeffie knl 

'm = me:ln monlhly lempemrure. T 

fI = monthly pcrcenl:lge of annual daylime hours Crahle 2 ,~) 

The valucs of !I', arc hased on Ihe formllia 

!I', = O.OI7J'm - 0 ..114 (Ilnhalanced I (222l 
For'm <: .'(, OF. usc 1<:, = 0 ..10. 

The monlhly values of "'-, arc ohlained !'rnm T"hle 2.(,(a) for a l>cr.. nni,,1 crnp 
with a year-rollnd glOwing serison. For olhl'l' ~eason,,' nops. Tahle 2./\th) is u~ed. 
hased l,n Ihe pert'entage l1f Ihe glOwin/! season covcred hy thc 1I10nth in qneslion. '1 he 
nll'nlhly eonstllnplive an,ollnls arc <llIllIoed l1Ve, Ihe J!'l1win!! scamn 10 ohlain Ihe 
sra"'ollal nmstllllpli\'c \I.~C. 

E'.IIII'h· 2.9 

For flu' growing !'caSClTl 11" !'U1!:H h{'('IIIi; ;l' Limhrdy, IfI:lhn, InC:lICII al I:llit\ldc ttr.1 N, 
the IOIl~ Icrlll mcan fI1 0 lllhly :lir It'f11rCralllrc~ :lrc ~i\'f:11 in l"oltlll1n 2 nr Tahir 2.1, The 
nop i"" planlcd April 10 and h:lrVrl:;I('(1 Orfohrr I.<i. 1:.. 'il11"'(' 'he ~ra,"ofl:ll c n.... lIlt1pti\'(" 
IIq' of \\'alcr.	 n

Snc.2,9 Demand for Ir,igation 
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MONTHLY P!:RCENTAGE OF DAYilME !-iOURS OF THE YEAR 
TABLE 2.5 

L3liroae (degrees :tonh oJt ~U~ltOri 

~8 50.1.1 .16.10 n 
\-tonth 

Jan.
 
Feb.
 
~ar. 

:\pr. 
~tay 

June 
lui;.' 
:\u~. 

Sept. 
Oct. 
:'010\1. 

Dec. 

3834 36
30 32!8:~ :6 6.17 5.986 ..19 6.330.76 f>.616.99 6.87
7.30 7:0 7.10 6.58 6.50 6.·C 6.32 

~.58 7~9 7..10 
6.86 6.79 1).73 6.65 

6.97 6.91 8.:9 8.:7 8.:; 
1.1i' i.l~ 7.07 7.03 U; 8.34 g,33 SJI .UO 

iJ8 8.37 8.36 9.05 -}.12 9.18 9.:5 
8.39 9.00i.1O 8..10 8.8; 3.90 ~.9;V; 3.80 10.53 10.09 
8.68 3.72 10.1.1 10.:6 1039 

9 ..16 953 9.63 9.72 
10.:1 10.38 10.5.1 10.7\ 10.931.60 3.64 9.81 9.92 10.02 

930 9.38 9.33 99; 10.03 1.960 9.70 10.80 10.99
9.38 9 ..19 10.3; 10 ..19 10.04 

9:0 9.30 9.88 9.99 10.10 10.22 10.009.67 9.77 970 9.79 989 ! 
9..11 9..l9 9.58 

'1.~i 9.54 962 I 
9.:3 9)) 9 ..10 :3 ..1.1 8. .1.' 

9. !6 9" 3..10 1..11 3.429.10 U8905 U6 3.38 i.~3 r
3.32 3.34 3.34 3.36 

'7 -5 7.70 763 -58 7.51 
i.3 I 3.3 I 7.85 7.30 6.07 

8.02 7.99 793 7.90 
6.62 6..19 6.36 6.:: 

.3.09 3.06 6.32 6.726.92
 
- ..13 7.36 7.:7 7.19 f).51 6.38 6.:2 6.04
7.11 7.02 536 5.05 

6.79 6.66
7 1.1 7.05 6.927.:77..16 i.35 

10000 100.00 100.00100.00loo.110 10000
10000 100.00 100.00100.00100.00 100.00100.00AnnuaJ 10000 

TABLE 2.6 CROP·GROWTH·STAGE COEFFICIENT K, IMODIFIED BLANEY-CRIDDLE METHODl 

lai P!:RENNIAL CROPS (NORTHERN HEMISPHERE) 

.-\vcrage k(" v3iues by months 

C.-op Jan. Feb. "1ar. Apr. Vlay June July :o\ug:. Sept. Oct. :'Jo.... Dec. 

Alfalfa 0.03 0.7.1 0.86 0.99 1.09 J.l3 1.11 1.06 0.99 0.90 0.78 0.1>5 
Grass pasrure 0..18 0.58 0.7J 0.85 0.90 0.92 0,92 0.91 037 0.79 0.67 055 
Gr.lpes 0.:0 0.:3 0,32 0..19 0.70 0.80 0.31 0.76 0.66 ').50 035 0.:5 
Citrus crchards 0.64 0.1>6 0.68 0.70 0.71 0.'72 0. -: 071 0.70 0.68 0.66 0.04 
Deciduous. "Nlth cover 0.63 l).:"-l 0.36 0.98 1.09 I.IJ 1.12 1.06 0.99 0.90 0.78 0.65 
DeCiduous. :1OI;OVer 0.17 0.:5 0.39 003 087 0.96 0.9; 03: 053 0.30 0.:0 0.16 
Avoc:uJo'i 0.::'7 0.-11 0.53 0.71 0.78 0.81 0.78 0.7\ 0.03 0.5'+ 0..13 0.J6 
W:dnu[s 0.10 0.1.1 0.23 0..13 0.68 0.9; 1).~8 Og8 0.09 0 ...9 0.31 0.1; 

Ibl ANNUAL CflOPS 

K~ .... alues Jt ~is(ed roc or' ;rowmg ,~ason 
, 

Crop I) 10 :0 30 .lQ 50 60 70 ,0 90 100 

Fic:id '.;om rgr.lInJ 0 ..1.1 0 ...9 058 0.;1 0.93 1.1.1; I'J~ 106 101 1).93 0.35 
Field .;om (silagel 0 ..14 0 ..18 0.55 I).t» 0.30 0.97 1.06 1.1)8 1116 1.0: 0.9~ 

Grolln sorghum 0.30 0.38 0.60 0.~3 101 1117 0."9 0.3M 0.76 0.65 0.56 
Winter whc:J'" 1.16 1.14 1..1; 1.39 1.35 1.30 1:3 I 15 1.03 IU6 0.78 

Spnnl;; ~r.un) 0:9 0..1; 0.67 039 1.09 1.:8 1.31 1.17 0.90 0.55 0.:0 
C0uon 0.:0 0:5 O.D ').50 O. ~9 t).lJ~ 1.1); ,)"; 0.31 0.65 0.:9 
Dry be:1l1S 0.50 0.59 0.71 OS7 1.02 1.10 1.1 : 1.1l6 0.94 0111 O.6i 
Supr beets 0.-15 0.50 0.01 0.79 . 1)."5 1 10 1.;0 1.:5 -\.: 1 1.13 1.04 
POfatoc:s 033 0 ..10 0.51 O. i~ 0.9~ 117 I.ll 137 I.J6 1.31 1:3 
TOmal()(S 0 ..15 0.-15 0...; 0.56 0.75 0.95 I.V3 0.~9 0.90 'l./lO Il 70 
.\-1eion) Jl1d ..:antaluupe 0..14 0 . .18 0.56 0.05 0.76 0.31 O~I O. ;3 0.75 0.71 (loi 
Sm:JH vq:el:..lblc:s 0.;9 0 ..10 0.57 0.09 O. -~ ;UI l).3~ V.79 O..... ; 0.58 03R 

'Dala gl\'~n only for spnn~ume )casun or 70 Jay'i pnor to harveSltatter 1;,&)( r'm'll. K. inC"C:l~~ rrom \).50 at ,ec:ding III l ..u, Junng. ~nod wllh average tc:mpc:r..l· 
!ure ~Iow }~ ~F. 

Source: Davl!l and Snrcn)cn'l 196"'\. 
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Solutlon 

CONSUMPllVE USE COMPUlA110N TABLE 2.1 ------_. 
nl(II 121 

Mc~n 

Mnnthly
 
Temp.
 Numh('f flf 

n,.y..('I')rtr1H lt---------_.--_.. 
204·'. , 
.11

Apr	 10-.10 
".2 

.In~"y 
(~'.Rh,n(' 

.IIm.S 
(,R ~ .11

luly 
Allf!.. 

Q W 
~rpL '7.

41.QOct. I-I' " IRR'fol,,1 

.~~j!l~~r...!(l miet~c~~.~~l~~ 
'(ul,,1 et~)'~ \n 'f<lwinf!. ~('''!'('" . 

'/i, .. 1l.011.1(enl. 21 . 0 . .114. 

'u .. len1. 2)«nl. ')(e<>I,.!i!l~~
1110 . 

Sc:t~on;\1 con~"mpt'vc m:c: 
20 

(.1, 

Mic1pr.rintl 
rC'('(,l1lof 

ToI:l1 

~(':lo;n"· 

,
 
IQ 

.\~ 

'I 
(,R 

M 
% 

lJ ~ Jo(O.RR) I 2.1, I .IIJ~ , 1,01 '1.11 I .1')(, ~ Ji (2111 

2,.19 in. 

2.9.3 Effective RlIinfllll 

The portion of Ihe r~inf~1I durinlt the growillg sc~snn Ih~1 i, utili7cII in meeting theh 
requircmCIII, of crol's i, lermcd Ihc. "erreclive raillf~II." The rem~imlcr i, lo,llhrolllt
'\lff~cc. nmoff ~nd dcep pcrcol~tion. III humid ~re~'. Ihis nmy provilte ~ m~.ior I'Of
lion of Ihe requiremc.nts. whcre~, ill ~rid ~rc~s il may con,titlllC ollly a ,mal1l'arl. The. 
ncccssity of irrigatioll ill humid regilll\' may arise dlle 10 ullha'anccd 11i,lrihutino of 

the raillfall.Effeclivc. raillfall i, illnuenced hy many faclor, relalillg 10 the (I) Sf,il ",ni,llIIe, 
(2) Clnppilllt paHern, (.') al'plic~tion of irriltalinn. anll ttl) rainfall ehar~cteri,tics. 
Ra'ell nn the ,Iully of e~len,ive data. the Soil ('on,erv~linn Service (I'1M) Sf'ltge,tell 
the relation,hip showlI in Tahle 2.R. The li",il~tinn nil u,e i, givcn at the hnlto'" of 

the tahle.
Wherca, the cr0l' conSfnnplive u,e require",enl' v~ry fro'" ycar to ycar hy a 

,"'all ,"arlt . Ihe variatioll' in rainf~1I are larlte. {\, such, the frequcncy analy,is of
in
 

effective r~infall i, made a, follows:
 

I. I'm the reltion unller con,ideraliou, availahle Iiala on ",olllhly rainfall arc 

colleclell. 
2, U,illlt Tahle 2.R. the effeclive rainfall fij!lIIe, 1'111 each month 01 recnlll are 

de.lc.lIninell. 

Chap. 2 Dcrn"nd of W~ter 

--------_.__._----_... 
(,)	 (1, (Rl

('I
 
rf'fcrnl"
 

rlmnK, hnm 
fI'T"hkT,hlr 

(in,l
1. 6lhl ":." J.' 
--------_._-~-- ----_.._. -

n RRn.M, R.?RnAR 
In.12 

.\.Q.,
o (~l 0.1.1 2 " 

n 11 Hunn.R7 
1 n2 111.11n.Wlun 

Q.61	 1 II 
~ fl(, 

\.2.1 n R1 
n (,Q R 41' 

0,2 1.11 2.11 
I IR 
I III 

--------_...-- 

I~ 

TABLE 2.8 AVERAGE MONtHLY EffECTIVE RAINfAll RElATED TO MEAN
 
MONtlllY RAINfAll AND AVERAGE MONHtlY CONSUMPTIVE USE
 

-~~:~~,;-l A\'r':1~c ~:nlhl)' c~~~'~~;h'( u~·-e-.-,-' '-;n-.-'---·---- 
':1n _~~~~~~_~~;- [~~~] __~.('m 
,f.1I	 r~~~-·.~~~.~J-~--;;.·_[-~-~r~'l;"~~~ 
'.J 

t\\'C'f:'tJ!" !l1tll1fhly ('I (('("live f:1inf:llllin " --_.	 -_.._, 11 ,,~ll.lO II 2, 11 ..10 0.10 n ,\1) n"ll; n ,lfl (} ,''if! 

II II 5, fl.ril O.~' 010 (1 711 n 1~ o Rfl n R~ n '1~ 

n \'(l() 1.2, 1.11 U, UI I.C"C, I.r,n 110 I.R'
I q,.0	 I'~l \.R, Ull ] JO 2 In 2411 2111 

0 \.no 2.0n 2." 2.1n l.t)!) 2.q, 
2 ~~ 

.,.~n.' .1n.I. " 
0 1.t1ll 2.00 .I.(XI .I 2, , ~n 1 ("I .' R~ I <1.0, 01.'" 
.n	 \.00 200 .Inn .IR1l ~ III ,t ~~ , In 
.n I.II1l 2.m .100 ,1m I.W 

,1 ~n ,t.Rll 

4 Rn 14n~ o~ ~ 7n 
0 100 2.00 Hill 4.nn , on ~ .m ,r.n ~ l)fl (1.211 

'0 \.Ill' 2.110 :1.nn 4.1ll1 '.m n, ~.II' (' ..'~ 
___ L __• -'-,__• ,...._-._-

'Ib"rl' nn ~ in. n{'f depth or :'lrr1iC':'llion. For IIlhef orf 4frrlh\ "r :1flr1ir<1limt, 11H1llipl)' tty Ih(' r:u h',~ 
N-I(l\.... 

o ~o 

Ion 
l.m 
2.QfI 
1.~II 

4.(~1 

' ..10 
(,.O~ 

_ 

~hn"," 

N('1 II"plh (If 0.15 t I 0 ~I ]'-;;;-l---;;-I--;-~'- C-'~---l-~'~--I('-;J-;;'--____on_.. I 
:lI'r1ic<111fln 

F:lclm n.n 011 0 R~ n Ql II Q1 r no I 111 1 lit , 11(, 1 Il1 
--- - ---"- ---- ----- ------ -- ---

Nnlr:	 A\,(:':1I!C" fHflnlhly dfccli\'c ,,,inr:111 (':'"1101 ("(c("("11 l'\"("iT~" IH"nlh1)' ':linrl'11 n, :l\{'I:lJ!(" mnnlhl~' ('1111· 

<;nlnflli\'(' ll~('. "'h('n Ihe i1pl'lic<1tinn or thr brhH' i11\fl\'(" ,(',,"ll~ in iT \':1111,. IIr "'k(li\"(~ ,"inf:tll r,n'cfl 

illl! ("ifllrl, fhi~ ,,:lIne nnl~f 1l(" rnh,c("clill " \';,1,,(' fC!1I:l1 til ,!If Ic~~("t "r 111(' Iw" 

Snma: U.S. SCS f 1c)(yI). 

.'_	 For cach ye~r on record. Ihe lolal effcdivc I'recipiialillll fllr all the mlllllhs ,,1 
the growing ,cason i~ detell1lined. 

4.	 From the resullant liltlllc, -mie for each ycar lin recllnl- a ftc'l"ency (1Il\'e 
i, prcpared hy the mcthod of Section R.C>. 

~.	 If ~II irrij!alion supply i, de,ircd which will he ~,Ie'lu~te 90% of Ihc yc"rs (9 Ill' 
III )'ears). the effectivc rainfall cOlrc'pondinl! III the 911% vahll' of Ihc fre'luency 
clllve i~ oh~erved. 

Ii.	 The h'lal cffeclive minf~1I i, di,trihuted ovcr Ihe nllHlth, of Ihe growing ~e",on 

in the ratio indic~led hy Ihe III Ih ie" ye"" on rccOld. 

2.9.4 Farm losses 

The lo,~e, Ihal lake place from thc water delivered to the f~rm ~re mea'lII'e,1 h)' 1111' 
I",·fan1l clliciency. Thu, 

. . watcr ulili7.ed in Cll'P growth 
on·fan1l cfflclcncy = -~v~i;~·~lciiv~;~,i,(;r:;;;,-)

The principal factor~ that "lfe(1 efl'iciency illdn,le (I) Ihe mctho,1 01 "pplyin/! 
the w"ter. (2) fhe le~ture allli condition of Ihe ~oil. C') Ihe ~Iopc of Ihe '"nd. (4) (hc 

See. 2.9 Demand fo' Irrigation 37 
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TABLE 2.11 Icontd.l 

(tern 

3. ':h.:e f30~C" I 
U lin.J 
PP lin.ll-, 
SM fin.;l-I 

JR. guss tin.1 
fRo :let fin.l 
fRo ¢if. Iin. I 
.. (",uon 1:0%1 

~... tn.} 

PP lin., 
SM lin.) 

JR. ~ross I in.) 
JR. net fin.J 
fR. ::if. lin.1 

Jan. Feb. 

100 

l.tJO 

a 
0 

~ar. 

1.:01 

U" 
0 
0 

Apr, 

9.00 

9.00 
~.OO 

2.10 

=.3~ 

:.:iZ 
0.81 
0.16 

~ay 

6.dO 

6.80 
;."0 
161 

2.96 

2.96 
1.56 
0.31 

Iune 

10,..12 

10."2 
3,5~ 

:.56 

5.36 

5.36 
).16 

0.69 

Iuly 

1~.jJ 

11.53 
8.63 
2.58 

0.86 

0.80 
2.90 
0.59 

.-\u~. 

9.50 

2.50 
o (JO 
.1.~0 

1.11 

".101 

1.5 
2.'>.1 
'U-l 
0.07 

Sept. 

I I" 

0.3 
1).6.1 
11 

0 

Ocr. :"1ov De<;. TOfal 

3~.~5 

9.110 
~.30 

..5. -5 
}4.:5 
10.27 

~".1)1 

1.00 
=,0 

:3.6= 
91 .. 
1.'3:! 

TABLE 2.11 (contd.) 

Item 

Total. IR (eff.Hin.) 
IR for area 

lac~·rr x !OJ} 
Farm delivery 

!q. 6OClo ~fficiency 

IJcre·fr x 10") 

Jan. 

0.84 
350 

5.d3 . 

Feb. 

1."2 
5.92 

9.87 

."'ar. 

2..:3 
929 

15018 

Apr. 

3.21 
13.38 

~:.JO 

,\-fay 

~.;5 

11.J6 

19.10 

June 

01.50 
18.75 

3125 

Julv 

".38 
18.25 

30.J: 

.~u!. 

~. i9 
1102 

19.37 

Sepr. 

0.7.. 
3.08 

5.13 

Ocr. 

075 
3.13 

5.21 

~ov. 

0.87 
3.62 

603 

Dec. 

0.6.1 
2.07 

..015 

Toral 

25.12 
104.67 

1701.015 

Gross requl1'emenlS 
I3cre·ft ~ loll 

6.018 1097 17.:0 1~. i8 11.:: 3.1.71 3380 :1.51 5.70 5.79 6.70 ... 94 193.83 
;~bbrevlauons: 

R == ¢ffecuve ralnfJH 
~. == consumprive usc 

PP -= imgarion applied prior to crop ~ro\lr'th, 
SM -= SOil moisrure wnhdnwaJ 

JR. gross'" gross imgauon required := U - PP _ SM 
fR. ;'let == net imgauon reqUired := IRl gross I _ R 
fR. ¢ffective ': fRrnetl '( percent lmgable Jrea 
fR :·or JIea -= Farm are,J .< T"'Ial fR (erf.) 

FJJ'm deliverY = . fR f~~ .lTeJ 
. IJrnl ~Itl<':lency 

fa"" del i '''crv 
Gross requirement =- off.fa"" ;,:onveyance dficlency 

...... 
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erg.y on the ha~i~ of Ihe controlletl wOller relea~e. If Ihe re~ervnir ~erve~ onlv III ~llIoolh 
0111 Ihe weekly nucllmlion~ in ~Iremnnow~, the planl i~ ~aid to have a rllnda~e t'a
pacily. On Ihe other hand, a re.~ervoir thai ~erve~ tn ~tnre water fmlll the wei ~ea~on 

to the dry ~ea~on i~ ~aid In have a ~Image capacily. 

2.10.1	 Power and Energy Production from Available 
Streamflows 

Lowerin~ a waler quanlity III 0 f1'/~ec over I, n will reka'c ene,!!y al a rate Ilf 
((,2.4 Oi,) ft·lh/~ec. Converting Ihi~ "' kW IInil~ allll including Ihe elficiency terlll. 

an eqnalion for power (rale of energy) can he g.iven "y 

I' = O'/(' IFIT IJ	 (2.2.') 
II.R 

where
 

r = planl capacily, kW
 

o = lli~chm!!e thn'u!!h Ihe turhine~. cJ~ 

" = net he",1 on the turhine~, ft 

C = cOlllhined dl'iciency for turhinc~ anti I!eneralor~ 

I'!llw-dlll'alion curve~ develllped from Inn~·tcrlll llIonthly ~lIealllnow record~ 
orl'rr a couvenienl h.(.1 in planl capacity de~i!!n. The proce,lure rllr preparalion of a 
duralilln cllrve i, de'crihed in Section 7.2R.2. Alypical curve i, ,hown in Figure 2.R. 
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Demand 01 Water Chap. 2 
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In eQ. (2.23), wilh an average value nr head, Ihe efficiency and head are p' 
tically con,lant for a planl. Thu, the f'<lwer i, directly proportional 10 the nO\\ 
other word" Ihe curve in figure 2.11 indicale~ the power produclion wilh a ~uit; 
modil'k:ation of Ihe vertical ~cale. The de~ign or in~lalled capacily of a planl i, I", 
on the ma~inlllm now. which i, I"ually laken 10 he 0" (i.e .. now e~ceeded IY, 
the lime). f1oodnow~ a"ove thi, rna!!nilude are allowed 10 overnow wilhoul pmd 
ing power. TIm, the in'talled capacily i, given hy (laking c = O.1l4) 

• -	 01," [:. 'JI in".1 '- IT J LT	 (2. 

where 

l'in'I.1 = in'lalled capacilY. kW 

01. = di'charge with 15% e~ceedence, cf, 

" = net head, ft 

If Ihe time ,call' (ab~t'i"a) in Fig. 2.11 i~ expre'~ed in lerrn~ of houl' in a ~'e 
Ihe area under Ihe cun'e will provide Ihe annual energy production. Malhemalical' 

0.," 71i J)E ---(II= j( [I'Ll- 14	 (2: 
where 

E = annual energy. kWh. 

0 .. = average di,chnrge, cf~ 

8760 = number of hour, in a year 

Q., i, Ihe average di,charge under Ihe curve in Figure 2.8 taking Oil a, the highe 
magnitude of di'charge, 'imilar -10 eQ. (7.W). 

II. plant eapacily faclor i, Ihe ratio of Ihe avera!!e ",'wer production t" Ihe it 
'Ialled capacilY· Thi, i, praclically elluallo Ihe rario 0"/0,,. a.~,umin!! lhal Ihe hea 
and the erficiency arc e"entially COII,lanl. fly re'ervoir ~Iora!!e, hOlh 0". am' Qn. 
are improved. and lhll' Ihe annllal ener!!y prodllclinn and the dependable (firtll 
power are enhanced. The plalll capacily factor ai,,, increa,e,. re,ullin!! in a more el 

ficienl t"e of a planl. II. plant capacily faclor of 0.1\ i, common for~lorage'IYr'
",'wer planls. 

Energy complllalion, a""me lhal an adeqllate nnm"er and adequale ~i1.es 0 

lurbine unil' have been in"alled 10 ulili?e Ihe millimum availahle nnw. If only on, 
IlIrhine unil i, provided. ii, operative range i, !!enerally from :10 10 110','f. nf Ihe tt" 
bine design flow, which mean, Ihal the lu,hine will hc inoperalivc durin!! the limt'. 
lhe Oow i, Ie" lhan :10% of the de,ign valne. 'Ih", the enetgy produclion will he f,,, 
a shorler period in a year alld the lolal annual generalio" will. accordingly, be Ie". 

Similarly, depending on Ihe IlIrbine Iype. Ihere i, an operaling limilation on Ih, 
head. U,ually. a turbine can operate in Ihe ran!!e (,() 10 120% of the de,i!!n head. II i. 
considered thaI Ihe available head i, fairly cOII,lalll or lhal an avera!!e value of heal 
i, used in energy compulalion, by e'l. (2.25) when Ihere are 'mall Ollclualion.~ 
which i, Ihe ca,e wilh run-of-river project, and projecI, with remote localion III 

Sec. 2.10 Demand 01 WaleI' lor Hydropower 
45 



... I~ll 1 <)0) ... OO~Hn) 

= .11)5 cf~. 

4. From cq. (2.2~1. 

= = 

lhll!r! rr.r Id10wlltn/hour 

3 ~ 5 
, , I -T

I 1 
1 2o 

Nuclrllr 
elr.ctrk 

fo"it fueled 
,1f'C1r1c I I 

Geotht!rmal 
el"'1Ic 

COl'll 
QlIt,ificallon 

COlli 
tlllUr.tnction f=I I 

DM:ndlnllm
011 ,hllh~ 

Urllfllum h.p,l f¥J Minimum 
procM,ing 

Df\I/":r~p, 
Ollrr.lini~ 

_'-L-.L-L I I _m L_--l-- 1 

100 200 300 400 500 

GllIlIon' pP.f ml1lion 8tu ou1l1U' 

o 

FIsr:nrf' 2.CJ W;-,IC'r C't'n,u"'r1i,\" ill frrinillJ! ;-,nc1 C'1'"\'(,I~ill" rw('("l:,C'l:, 1hum l'l1ilCli 

S1;-"C~ Gcclll1l!ic=,1 StIf\"cy f\IS(iS) Circul:" Nit. 7n.'. I
tnll1

rower rlnnl~. If varinlion~ in hemt nre ~l1h~lnnlinl. n ~elfuen'inl nnaly~i~ i~ I11mlc 
wherein Ihe energy calculalion~ arc made in Mep~ nt dilleren« interval~. 

2.10.2 Demllnds for Other Energy Sources 

In add ilion 10 Ihe relfl1irel11enl~ in Ihermal power ~Inlion~ for cIK,ling pmpI,~e~ n~ di~
cu~~ed in the conlexl of indu~lrial relJuiremenl~ and for hydrorower I!enemlil'n de
~crihed in Ihe previol1~ ~eclion, waler i~ needed in I'lher ~nurce~ of energy prodl1ction 
n~ wet I. 11 i~ neelled for Ihe proce~~e~ relaled 10 the extrnclion of ener!'-y ~ource~. 
~l1ch a~ Ihe minin!! nml refining of coni. I1mnil1m. nml oil. 11 i~ al~o neelled for Ihe 
ener!!y cnnver~ion proce~~e~ of heat energy 10 mechanicnl ener!'-y 10 eleclricnl ener!!y. 
Wnler Ilenmnd~ for e.xlmclion nnd conver~ionproce~~e~ of variol1~ fuel energy ~ol1rce~ 
nrc indicaled in f'igure 2.9. Per nnit energy prodl1ction. Ihe con~ul11plion of wnter for 
cooling rurlKl~e in thennnipower planl~ i~ 4010 1501ime~ grenter thnn for Ihe olher 

~ource~ of energy li~led in f'igure 2.9. 

F.xllmp1. 2.11 
Al Ihe Rin1l1101l runt1 ~itr un 1h(" N:ltIJ!.:lhlrk River nrar Seymour1own. Cnnnce1ifnl. in 
Ihc llnll~atnnic llll~in ("railla!'-c arca .IIMl mi'l. Ihc nnw ·Ihtral;nll dala flo'" thc Illnlllhly 
nnw rec"'ll~ arc "' ~h'ell ill H!'-"rc 2.R. '1 he av":tlle hcall i~ ~(l ft. A~~e." Ihe ~ile for 

il~ hydropowcr potcntinl. 

I. I'mm Fillore 2.R. (,Ill ~ Rill ds. 

2. From cq. (2.241. 

RIO(.lIl)
 
1';0'''' ~ --'1-- ~ 11.16 kW
 

Oemlll,d 01 W~ter Ch~fl. 2 
46 

GOO 

~~4T 

J. 0 .. = 1l.11~(,I1I ~ O.07.~(,I ,.. j. 0.1010" f· (,I", ... (,I,.. 

'-(,I", t 0" ... 0 ... f 0",,1 ... 1l.Il~O" .. 

= O.I1~(Rlll) ... CH175(711.~) t· II In(~.~ll ·1 4~llt _140'" 260 , fRO 

E J95(Jllj(R760) 7A 1 x 10' kWh 
- 14 

~ I . f	 0.. J'J~ 4"". P aliI capaClIY aclor =	 _.- :- -- = ll. ~.
 
011 Rill
 

2.11 DEMAND FOR NAVIGATION 

There arc Ihree different melhod~ 10 provide navi~ahle wnlerwny~: (I) rh'cr reguln
lion. (2) lock-nnd-dnm. ami (.1) artificinl cnnnli7nlion. In Ihe fir~t melhod. a river 
chnnnel i~ improved hy mean~ of ri\'er tminin!! wll1h ~od dredging. In ~nme ~ec
tion~ of the rh'er chnnnel. Ihe nntural deplh of wnler i~ oflen not ~nffil'ienl to mnin
tnin navigahility. which require~ relen~e of waler fmm up~lream re~ervoirs. Thi~ 
dernnnd from Ihe re~ervoir~ i~ likely 10 he on Ihe order nf ~eve[lll thomand cllhic feel 
per ~econd ~ucee~~ively for ~evernl monlh~_ Tlm~ hllge re~ervoir capacilie~ of ~evernl 
million acre-feel are needcd for navigniion purfK'~e. One of the ~hortnllnin!!~ of thi~ 
melhod i~ that (he wnler delidencie~ nrc u~unlly in the lower readle~ of a 'ivcr. while 
the re~ervoir sile~ nrc in il~ upper pnr!. Thi~ re~lIll~ in rnnny lechnical. operntional. 
and legal difficl1llie~ in nminlnining lhe navigahle now in down~trenrn rent'he~. 

In the ~econd melhlKI. the deplh nf water for h,w ~Irenmnow i~ increa~ed hehimt 
a ~erie~ of dam~ throllgh a ~lIcce~~ion of hackwnter t'urve~. Al each dnrn. n ~hiplock 
i~ provided 10 negoliale lhe difference in water Ievel~ IIp~trenm ami down~tre~m nf 
Ihe darn. The waleI' demand relale~ to the f I) evnpornlion lo~~e~ frorn Ihe re~ervnir 
pool~. (2) wnter reqlliremenl~ for lock in!! operations. nlld C') leaka!!e~ at ~hiplot'h. 

Each locking operalion require~ the relen~e nf wnler in lhe dlllvn~lrenm direction 
equivalenl to the vI,lume 1;1' the lock hetween the up~iream nnd down~lrearn level~. 
Thi~ might involve a now of over 1000 aITe-ft/day 1500 cf~). 1 he water for locka!!e~ 
i~ not accumulative ~ince Ihe wnter di~plnced hy one lock cnn ~uh~equenlly he u~ed 
hy the ne~t lock down~lream. Compared 1(' Ihe It'cking re(,uirelllenl~. Ihe evapora
tion and leakage~ arc in~ignificnn!. 

The third melhod pl'(lvide~ for an a"ifidall)' cnnwueted new channel wilh n 
n1l111her of ~hiploch. Thi~ method i~ ndopled either to connect Iwo differenl river 
~y~tem~ or in ~illlation~ where the olher two metho"~ arc nnl suilnhle. !I~ regaHI, Ihe 
waler demnnd. n now of several hundred cUhic feet per ~econd hn~ to he rnnintnined 
through lhe dmnnel. Thi~ i~ ~lIpplied from n ~trenrn wilh a nalurnl derendahle no",. 
or hy a re~ervoil'. In nddition. Ihe reqllirernenl~ of evaporalion. locknge opernlion. 
and lenkn!!e as (Ii~l'u~~ecl for the ~ecOllll methncl. hnve 10 he prnvidefl for. If an un
lined cJmnnel is clln~ll1Icled. Ihe ~eepage lo~~e~ h;l\'C to he inchuled al~o. 

Sec. 2.11 Oem'lIld for Navigalion 47 


