
o, A

ur foce flow

ce flow

Wotershed
bo un do ry

manomfl?Ylfl')I

A'<

ET

S

(o)

o6uuiFr?nrrNFf ld0{
Nfiriilflr#stnuCI:rflda{

\
\

P

\

\

-\

\
\ET
\

ored
6llrfl']fl ouYl:FfT

nr eafl 'lifl ?n::t{fl ail rv Yl'l u

P

J I I 1lt

R

J .tJ -----} Subs ur f

worer orSose fl

(b) Section A-A

6(

l2)i



66Ez nuLEun

gFtml, BtEnF

fusur nuu r, uloirurpfigrLbLrsft ffiIr1nsnso$luLe[

r. u[!Nr run LntpIr In^TnBIEELP 
T rrBlttp t sBr$lrnlmr b utt4ruulruNLcu

nn€ l enlnufll nlnBB t gLuLr4u88ftcnDr I uuutriluinu nr tusru*mr
Fi b^ s' F 'P,'E - r^ ^r.

cLu\ru{ nulsr,ralp NsBrssfimi ninorrytturrunnurepqu{ssgrrurgteurnnlrL}rtrrfl

ruuagrpgrhLBsnllrlrumsnuBn!sucFcLPtuuu otrnonccnruunl

u gg r sunull I r. luuu gut, unUlL mirerI-ul g8r,Et/rg!,ra b |LU rL unr m$ gqrtr

nlrr sul,uFrP cuaur R.uLBr c Llot rui,tBrx r s urBr rltrJ tlr!$ lfNEns suc 9t LEcuLuugn

Fsc ususultU LFEnepctutlnltsLunsur!Brtunuttryt qlstlLritf,tualtuuubnu,prun

b ltr{l#rLu}rprsnluninucuuRonnL lm sBll 
TL.ul }pi.{ t uaucul,rbu^unapr.rn

LITLU



t ltll

d'rruTo

uuul

1.1 qxn?0an?

n1rfi {ur ;fl lEtfl rrulnlrluRcnJTlnl: r nfif1f1

z-1 nr:ueii.:fi

a.e uilrpitflddoonurlrninq

2. 3 nlrs{vrfaurtngnl:fl rgq"nnr gqlu

e. rr rJiunl:-.:fipr#firlrrnn
c2.5 n1ril{ll[ 2u{fla{U: lUln',ltl

z.G ruunrrrfirnfnYr

2.6.1 Frontal BEorn

2.6"2 Convectlve atorE

2.5.3 Orographtc etorn

e.6.t nr:riodrrarln

z.? larfrluornrf,
{"2.7.',| n11}lfiJe1r?r1!

e.z.a nmirf,ulo

a. z. I "tarh'lu,riw: :urnr#ag1*rrvoofi'

2.7.4 Precipltable Bater

n r : inr,r ilimrufrr{r n r : : c r u g urn v n r : n r urfru sfi d

i.1 grJru.nrmsrfn{r

.i r --).2 rflra.:xtrlmll u

3. 3 nr: uJdwruJn.rilirrgEf',iluc,rilfid'

3.4 iliilTltturqdulufiril{

3. 5 nlrn: ?e6tourauruTtrbSodfi onarn

1

2

1

urh

1

1

5

5

5

6

7

6

11

11

1q

15

1'

17

1?

1?

21

2)

28

28

28

33

35

)7



14u14

ar:riq (eia)

3. 5 n1flJ?riillnrirm.uia6arfr*ufi srnvlu'iu

3.7 n1:5i lfiU
ed

3. 7 . 1 n'lifl 1n1n1: t S tfi U I fl U?6n1 1lJf, tJflAU?6.lll8.l.llU

3 .7.2 nliMlrirnr:: v rr.ruinuid

Aerodynamlc }iethod

3.2"3 n1:il1filn1:: s t ilulnui6 Gombtned i\erodvnamic

and Energy Dalance MethoC

3.a n1r'lfif'rfla{flg

o | { s-r
U1?llUlar{1 tU[8 1n']D1l

t. 1 nr:inhitriarf,'luurhirnim:
. i 1 v $ ,v c r^4.1"1 t Rtoit a 1nl gmJU'lttuu tiJilgt [u}]91

d {-
4. 1, z r nio.rila in: vfurfruuuo"nlufrG

rr" r "l nr:isrtirnoalrvir

\. ? nrudufir6:vui1{rcduf1rnsiliil1fln1r'tunso$f'r

a. 3 nr:riarurulfr,,rriilrc,rrh

4.3.1 fl1rr1o?rulu tn{ :}r'l0,t11rUJU r ntfllnit
n4 .'J w

4.3 "2 n',llno t fr.tu: u1oJrl'r lfiu'lE?Ja.t6nr ?u(u

rr.3. I nr:siasuluruJU'l#f,fliurud.1

nr:i r o:refrn:r$frvir

5.1 nrlidfliil
<s

fl1tglnTrJ?ro{u1

?D?Jo\: Green - Anpt
.i.-.'-

tructln1Y lac l l;rB.:

U:lJ1UlgtUfiYlfi ltng Direct runo f f
-d.i-a4
?m41n1:qru[ dU hH?D?,0.: scs

urlr

)9

40

\2

4t

t9

4

57

60

61

63

64

66

75

78

?9

80

81

82

8)

86

92

100

106

111

5

5.2

5.3

5.\

5.5

5.5



lJ7lyt

dr:riru lero )

n:rmd.ndruffrvir

6 . 1 nr:mrn:'lt{ufiomi':tnTrilrfifi5ru mor r dfiHu'bJe rn r fiil

6. z n:ry{yrd.:vrirsifrr,iriuvrdu

6.) Synthetic Unlt Itydrograph

6"3"1 Raticnsl. MeEhod

6"3.2 Time a"e, fiio Isochrone method

6.3 "3 Snyder I s l,lethod

6"3"4 SCS Dtutrenslonless Hydrograph

J-
n15 r nBaunxflatu'lvl1

7.1 Reserv+lr Routlng

Z.a crephic Routlng lnui;?,a.: PuI

7") Streamflow Routing

? . \ nr:dfr.ln: r*rnfi .rnj'ltnTrrirlnuiE rlooa Routins

6 nr:i i n:rvfiirviurfiliJilfi'nn11il0?Jo.:n15 r nrl

rarlr

117

123

12?

1)3

r35

138

141

L47

151

152

161

166

173

1E3

183

187

186

187

189

193

196

199

202

20l+

206

5

?

8 1 fl6?fi[0 ti4t

9

8.1.1 Envelcpe curve

8.1"2 ifl6iiln1t Ratlonal

a.z i6vr,.rofifi

a.2.1 nrrudntdeun:rr{

E" 2.2 nllnlcalutliru NormaI

8.2.3 n1rdfl1.:nrcarlHn r 1il[uiJ Probab111ry

E. z. 4 nrr?i6'anf,o4an'lrrni

n r: t nfiourtrfloflfrlfi6uuovdnrlrdn{go.riiaurnra

9. 1 nr:n:cqrusa.irrr"lfiau

g.2 dfinaat .rqotf.t



9.)

9.1+

9"5

9"6

9"7

9.E

9.9

9.10

9.11

9.t2

uilr

208

20E

20 -q

?o9

212

2L4

2L7

2r8

223

229

231

232

234

24L

243

dlrf(-! (no )

9"2,1 Unconflned and conflned equifers

9 "_2.2 Perched aquifer

9.2"3 Leaky aquiier
u6ge

tt116in1l I nnflo.:Ll1 tgl9tu

Storet!vity

nflta.: De.-cy

Velocity;octential

diin15 ilydrodyn6nic

Duputtrs Theoty

Steedy unconflned radlal flol, !a.l'iau1n1a

steady eonfined radial flow fla.niau1frlfl

uau'tn1nfi6'lu cr uo

Unste.ndf f loi,

uvi?t

Reference

Appendlx



UTtl 1

Urul

rh ritucmrn'ioqivirlrtlulnn r{fu danr r vnonr#rr6po.ri.rniiliir#omrs

unctihrirnrrtfr6in'rt*ftrurtnnrr.tfi'suuh.r1u;nsairnr'frrf,uqgrndlfu'tunrnJfir

rtnro.lnllr,o{tun,*t l*pdt.fioriluog1fr unvffininnsirltfrffi artrr liqfrufir
rDrnlrBorrr quninurrifu itrvir durhufurlnlnrunnrroqfr"lulnn rifu ir#iamn
frdfu6qnfufinqudunufi.rurrdarnouq# n rru'r r orf,nitrqrminurtnJ: vqnf,lf,tu

lrotffiovrulfiluittnl?sonuruunuJffi rrarnrrinr{rdn{ nr:u'Tlauncnol{rrfr rilu

nlrimJrultllr nrrrnntrfr lrtf,nrdqlr nrraalgrnfrrirr nr:riurio n1rn2ufJiln1:

tiritvunvncnil n1:n?uera?1rrf,r nr:nnrnnrrvunynr:{la:a.nJnrunctn6.lr }rf,h

pninurlvinrrurn'lunrrira:rur{r},rm#rdsrfa.trYurflrrdrf,unc rlfuuu:ur.rt(nrfirntr

rllluuunc{mrtuusi.nfr

qnnrren{ ( Hydroec lene ) o cndrrn'.nf#io gnlulnn nr:nr vn luun Jnl,

uqurtuumnfr qortrnifor.rnrunrrunvvrrrofi rnvnmldlfir6rioqfrrfuB'.rurn{al :ru

rY.rnmlf,urh6lLi'.riiin lnu rfl rvrqu6 druqrn&rur (Hydrology) arcovf, lr:nn

lfir'rrnJurfiJxfrnm.rqnnnrdn{rYvun raiolc'l}Tniq'rrlnnrrllfiirufunr:flnudqun

i6n: iiufionr:npr iuufilriififirqnuaulr:vu'irrlanrYuu::flrnrf, nrtf,urrquniuur

l urJ : v qnf tfi lun r : n zulxvr firu rn flfu ucr' rI nn d mfrvr v r n#ua g-ludarra.: oc ean

Englneerlng nnvt{t1u?elfinf

nr: ruduuuJn.r'lun1?nl!a1u nr:urpr itu uiaqnnrniroofrlu'lnnr{rrr:n

iunn:urnuou'r.rd.rura6dnturofraumrlnn n.r,,tui*,uuofi rroviidruglmrnnr:

n:vuioa.uqud r du nr:lnn: ruf,u "lfifrgsrJ:srluurif,t'Ifi{u nrujr grff'nrnlffiln

li rrlrrrilou f.rm.rrflun.r'luurirhuncil!rndrJ rnvnift'dr.r .) #.rddfr.rfi:{unsx1
f d t <nrs i.liifl nn:urudonr:n1u r iuuunvgunrruaofrlus: :ffi ri

1.1 qunindnt (Hydrologtc Gycle)

rfr"tulnnruinglrrur rHrnlaiido{ri?1nn ( Hydroephere) drim r m{
rJ:srru 15 nl. crnn'rtnnfittt$r::urnrrt unvaglu:vuril:culo 1 nr. mnfirlon



ElnunrngsUnnr.snur,iLpuwEfl,r*lgnlnlt$qrfnntrgurulurtr.ea t suufilguJsrtpNrpn

t' t' l unt qruynag r nft nuurpLmr&nL.urJruLnEtgrpx gtu$rnLu! $MLuL I utLuc I

!spn1fl sIINL[nqrluFuuunr rnnlpBrlrLJuuLn!,ffi un rurr Mrlnx"n!,tlrrpt]g

e uo u.uu;uur ntrp enle uLI g n

!GElru4| grjrllttS gtuutLttI Lutt} --.,-r-;-.--.-,-,-h--;-.-il;-g utlt4$luPLJh,urEfbeEpnElrefil 600'o nr,rlrflffqru

gtp.rl*uuuorenrnl"[e npr racgnrgnl;popguS !,r,sgurlurnntrS]eorupngtrurlr

!*luPt!ruLrg$sEgrulrenl 9oo'o NBr{ln ttgrrlmFrauurtrslfieurnrurtr$ 
IrguuLrl

ugnLruu runt oo9 Nu ooe uunLcurcpnlEerg ngpluperf n1ft eauunrc;nogreur.rr

nntPeu1luu$Pt E'rlLlu1gr au uu!$ er3c&ru(dELlwrrsnt'oEnrlsnlNeHuLra srl

n@nmNEf u0$Laeuu1searu^uQ

uuherenrpluurrnlLlunL[snrLsuirlqruorp1ilnrngrru rutipunnnlr;BLrtrIBu! uLsJr[

unnIrufteg llLrdgr,I]Lss oESr 'p'u I b rr!,u11$#LnruprgLBr,rguFuLuulnpnuuunfo

n;pupQuu.hea r. ruucuur&rqnLFcrrunuulnturu$*rqtnrrrFuLr*sncLu

' ugnlepngru.uru^uEsuubpg.uautg ugtdLulFrlnpnlrpuntltsl ts.5. b . ^ a 4s. 
I

crn ureupntrueeutalnuu&pnupnllE ngrULltt.eENnnnrpngrRLuur\suuqur.Iurrlpfllng

lubLGssr/r nafoulugrSlu.utauNE ngltrllFnttrs las.reqcar) uHfiEsuuLsm.n[]BnEp

LIt pLtltBrsr+n[npuBlAlrl,autltP]LflngtHLJHBllE$ntlLu]L]lgrlt (lrounr ece]rne)

i'''ngcuuSsonnlnlullur,osqunlyulgnu}aun 1^orr .rrrrn"orr"; nuLuplrlrl

{strlsc!{ (alEtrllrul) ngnl[I$ultE$nLP]Ln'(+oIJ Puelroro) ngn]fiLuLrun

€ftUrcP$tn lpardacrerul; B$tlrrLUFslLJ{aouLsncPsLnrr!.uuugLIt &uiirLlotasn

t,turqtFtl1!.u (alBlIdIraid) uraE fffincugLuuutrq$.,[a!,unuFLULRSgnnl.nor$Bgu ," ,rl "1.
r":" lungrogr ur-5e1 uuuunrrnpqnsru{nuuururitt{ripLnnuLu lsale:odeaal qlltsleu

Ljt !' !' t u6inlt upul^u $enr eulLfl snEUU rne b ELur,fiqlseasLururutul uFnguLeu

qrng rullnprrulEc unng uubu6gupur enituqpmuc.ur.slfttiuUnf r su-uQ uub Pr hX, ^^ b

eupU*uubngrnpneuerneulE unnlncuurinaurnnnruuruunpr

nnul uupf{reltltguuune rnnl[ensc r niuluu} ( areqdsogr r l ) uuluepnrnlfil}B

z



3

5rfc.
ruEar

Sob6ur{acc
no*

Sod

C?qrldwdn rlov 
-

lrbk

U
l@

Prr{.tllic. cr l.ad

+
6l

EraFdlor J.qti l.lld

Evagor'.lioi'.rd
araroarrnrP|ntolr

l9

!tt
PrraiFtaqr

or Ga/a

+

+ + a2a
ElaF m froan (E!!l

+

lrrgarriclr
llaata It S|,'(ac o loY

I Clls.drag

t'J,' {nnl4{nr u(n.t1iun21r(lqndtoufr roitru:sqril trlunrirufir{1fo{1.1.1

fu ritirrrnfrmu'rnuuuxluiu 't 00 lruzE

(ronurl l.nd prcctpltatlon) d.r'hltdrn'u roo rrrlsrfir'lfirnrllvtuualn

fidriucririr rrirrfu 6 r uJa{ r rnrdm.ntir,rrniruJrnuouril n'rud,rfi a rg ruo{ r fl f,

rrogluptm.nfril ( runor r ) 1u6'mrrpr: irriru'lwfr v uluriri liru larlrlu

u: :urnrfifu go u.ta{r tufi1fiu.ern,I#: c,,rur111n!$ldrJxt n r: i r a: rcilnr:lua

uac rfiuffnuo$rlrnarruluqn6to.rrhlulnncvvri'irtrr:rm.r rfiufirnrru tudmnJn.t
.. .i
tlnrn!0ilqxnUan,

. y, u -- Y , ,; .,i .I. .uV r.
0.t t$i?1tlnnm{qxn 1a{nluua!.t1u $n( iM t nnmJat.lnllJEt Irtlr'LlLl l,u

{ourf,uodrdqa riuLirrjurf,lruilgt'n:n'fnr,fu:ruuiluie vrltsnaulr:i'rui8{n:mori.t



4

6,iurra unuudonfo.rfiu nJir{r'rnr.o*riorru,nirrrda#.:rYuunvrfu filufi'j,rtilrn:m.r

ft#{r#io$-luemninl-n:mllanoru# n.rnrr.rusa.:rhnin'.rrbu .r u.tfi'tnlunllrtlu

uttirl .t'lu4iinraununrutufirfiruf', (drainage basln)'luusinv#a$'u

qvrninurto.rudnvginrnovgnn'rmrnlnuanu4iarnr*salrhr mslnulc{u

x1im1ur1x rfi 4inJ:;rvro crfiivrur$acf,dil::nrsir{ I rY.nIu riloor:uo::lrlrrrrlrlrl

funr:lmlrqudfiriau.l dr.:ffrd.rurndalsa.nfrnrro::Mrfi dsrifunn"lrtrfinnr:rldun

uJn{n?rrts{rqodmtqrmftr-n:uncilh'iflrn'nturunl?uscilrlnlnlrrtluri r fir Cradr.:rfr

mlnrpfiuflrov rlfudrnr: r nr'lnflta.nIrrir r ta rffitnilfiLilrrufrgnr{uou"lnoonlg6'lu

urturnrorf,rf,u dmvdrmrn rifumvri'bllnnirqrugfurfir d.rinootir.rd.rurndoqvrntnur

sollnn



UE
nirflqu I i$rrodrrrrarilmlalflnr: tfufi rh

(AtD.phcrt c clrcul.tl.on od prcctpltetloa paocc!.)

2.1 nrrun'f.ti (Rrdlatlon)

,irilof,rlnnnrr-fifi.r1, (ggrii e.r.r I rtnvgnpniwiorntanr

oonlu d#rrcilouaontlriso'ir albcdoa (o < a < t) . iradrlrdu iurfr
Jr e -<J-.-- a a - ., i- iuon 91u0mffrt{ttxrfultltuln8uuiMrn lou nl c urgrlru 0.05 0!1fill;n
(uormriclToufii#rIr,1#fuoanlrtrfizu#.ruurhuildr c {$.r o.e inort lin
rdhr:s,ififu u'..,rio,duuonurnsan r ?n1f,?uD'n:rfi ilo{fiuqomqimlfiiianhso.r

il nr:urir'lfqri (n.t Eedrarion) Rn fio uilrrur-rflp#Uilifi,ilrt t
" i j,. .. -<irnslarnmiq ifudsarrlunnn'r.r:cu'ir.nJiurrui.rdinnpndul{ R!(r - a)

frfi u fiuirnufif,nnn:unr) fiuJilTur-{ifi'dooonlrornirn n

Rn R1(1 - a) -Rc (2.1.r )

nr: urifilpfiry*rfi rlnn rrlutdrrur'ru1u{nJ'if,tunr: : v ur$:l

1
Serfr.c

2.?

f,.' rl .o tf,-f.
tar rdidsr rblarta.l \\\\\\\\s

'' , -i ' -l.;
tlJ)1 2. 1 . 1 n?1ffiu?R6!0{f.trtiufl rtiqruilro ll-nq

rliltufriiid.roan!1c1nii! (pttgeroni

rthT:-.rifi d.rognltrn inqr unrldo rnn4d I srcf an-Bor Lznan

hRc - co T (2.2.L)

Jlo . io amMtur:ndl:'lfoonll (cnlaarrlty) nuo#.til',
{,1d io n]fi. !a.r srrfan-Bolrznan (5.57xlo-Bw l^2-x4)

(l.a .



usc T ioqnm4fu r p6aa.r#rft r uJuo.ra r

T "c + 273

. - - J<{ o .."
fi 

.Ivttu ?nnrronrfl ?fl 1fir.rvl

0onr1rrTru 1 f, 'lvl?lJfl 2111

6

Kelvtn

(Perfect rad lator )
zt

0.97 nl1UU1?FnU

Wien

-3

o virirn r ru{rm: nd.rf.rf

r no.rf.rdfi'dloonxlavri,u

(2.2.2)

dnndarnfu riuqnm4fi m.rfrui'l rniawl'lrfa1nnrya.:

I 2.90 x 10

T

lnu r idrujuo.ror Kelvtn lrns r ttlutrnt ovrf,ull{ornn0uo.t

wr.., 'iri.r#d{aanrlelnn?{orfin6ovfinluurrniu#uniT nll..roonlrornln#r firn'ir

0Hlr1n

e.l nrrs{3}tzumvn1:n:vq"Rnruqtu (Reflectton end scetterlng)

dr albedo c "ludrmlr 2.1.1 unn.:o'o-n:rdum.rf.rdnnnrsnrfi#fir
-i

( rncodng radlatlon) ffiurYguafrub{ur:urnrrt dt .lbedo qvfiloJr tdrnlos

f,r{,irn..rr..aduaa.rf.rf unvryunnn:sxuto{rtrr ruir:rrhoc"ldrirriu$irrf,Hrdrufirf,i
o^ {. i
,{? tfitilfllm.lit

j -q u . " .Io n ud - .i
I rnf{fi n? suufruounlfl I f, n .r [IlJ: Is1n1fivrlrfi.lln tnn I nu{tnuR21!91?fiflu

ro.rfif f{flifuq cn: v{an: laluaan'til{nfi rlu rr nq'rmlll r qn r 6n "r fi' r iun ir
aeroeolE qvn:cl-tn:sqtuud.roanlr.tlnuiGn'.rnsirr fiqn::rto.:rqudluqmllTn{xi"h{

irar "eroaol rnlaqn1Rm.loJrlur:rurnrrt,fi'du dviatrlr fi mlqu#r iun'ir
f, ..-< , it {e.

&eenhouee ef f ect i{qv :-.:dur.td anidoon!1a 1nilui 2IBno v nnil'r'bYn: vqim : cors

nfixrlnru::urn1d nlrnzv{nn: cqrms.rf.r#rdlfirf, rrlunnnib#rft rmrloniqnnr4i

gril otirrlrfimlfl.rlriritudu:nrrniuolr'rnr#Innfrruanfig.rfircrmrrn:udfln:corutoi

r.rff, 6#rfrarilmrrirl:



7

e.rr rlilro:-.rdp#fi,Artun

nmr.rr dlml:-lfi oT nrr.rarfi n#,rrirrri.:uauuonu::urnrrlsallnn auaan.t#ru

, i.ri. ,{<
t{1lx? 3 ulvnlrnouvra ln\nuv ?04{ tf,n 1 ru1H fi1]x?tfln1fE

I ) n:soim: sqru'hJ"luu::urnrrl
at-2) nnrnnzutnul1l,l

. {.- j ,. ,- 4.i"--
3 ) ilrgo.rf,un' rlnnrin r uu ltian 1: Rrii,rdrilfiiu ( r rfu rYlfirsal r firurl

(lattltude) q0n1B ttns I ?B1to.:firdr.r;

n:rrt fimlf.:dorfi n#Uturioufi qnjrufirr'sa.!fi rlnnov udnrfi:uffinf ne

daru::grnrflfirlfudrru'i.rfla'n##.: Inuroilrclufudfirurmn qcC.tf.rfdr.tn*rurrndr

aruriln6rrrrv'irqom4iua.rrhrn"rnir nmlrdlmmr:ud:-.rd6iallsruln{#?s Rl !illlc
v - <& -- Jll. * dzi{urt{fix ltflJ}Iilrfi 2 tnnnf€

R1 Rs+Rl (2 "4.1)

a I s{rf,ne!fiittrtd Re aonrl (#rulumnrruurrnfiiln{rfioqirnrrr{.:fiflaan

il1loitu::u1n16) i'.t#njiilallf,rdSvrts#.rilrnvr'tfifufifirirf nnfifo

Rn (Rs + Rl)(I -c) - Re Q"4"2)

nrrl#urfrrdd.rrYuuavfiuro.:ru runr: ud:'{d: uu'ir$Jr ?ulnrlfiJf,tirinn#J
J.

fthurrn pfi e.r,.r rrn{fi.rrirf,ilft6naqJirroi"tfeir.l rifurirrofitni:vq'rflsa{u::

urn16 mcarlrdl4ndn rlrlaura.rfire' r q s rriu"tfi"irfru:-u fiilarm *n6ihlt 1 oo

,nir#urnranm..:u::srnrrtsoilan rL:cilTun;#l (sr rnjru) ornnrrfi.r#ufir1nnus"

gngnnflul{ orn:-.rfl 5t rnirufl ,', mirucsd.:aanilr'lugrt:-rfdr.rnduurr vrilffirtu:--rfl

pBdfirirlnnrudarf,o.r ro riiru d{oc'lftu'lunr::crumrrrflu ar miru.n-.rrfu6.rrflrlirrfil

nrrrfmr{urrurnlrflu3lJso.:n?luIauucl druyrirufia z rni:mvlftu"lunr:'bYarrlfau

rYuo rn rennrfirn' :1nn"lu 
3rJ m.rn r :uio r ufau

ar!u?un17yl'l{qr.l,iurinuTrrnlrufi rfi nilatir.r6,doo'lrrutrrrnrrl urrll

nr:rfirfiflr (preelpltatlon) tmvnll?utus (evaporatton; td.rtihurarnr:



E

SPACE

ATMOSPHEN,E

t6
AbEortad

vryor. durt. O!

8!.1lclnE.cd

licorn'rg

r(x)

Oir!or6t rrdr!r06

6 lo
Lootr.vc

Ir

wfl.r vrpo(. cor

Rcl'lacrcd
by clouds

V

I !6
t

trpr. COr

ErrB$on
by clouds

Lar.
Abrorbcd
by cloudr Rcl'lacrcd

I

I

\cr lurllca S.n!'blc
cmrii'fi of hc.d Ilux
Iongulvc rril' ro.r

ocEA:\. LA:to 5l

l.

:r 713

ard , r n r : udilluw nTrurtlr.tlndla.rn rrrfou'iur : : rrrn rign#
t.-
fiufl? tnn

tlon)

llnvn2?

tr : : srnrain. rrlt{lrh{i.: rYu un v rfu n-rnfir i fi u I, du- rt n', rd,c. ffi qn'lurr.:qun

inur rfrdar'lurydnnn.rlr{ririuiurc'trfurornnrruf,rrlrr,nro.n*1drlu:nsunnffi

mlil rihrvuvnrrlnnlaunrltlu r iuura w: :urnrrt (Atmospheric c ircula-
. .l l-- < I t

u:.rdu r ndouildrtiqFa.:dum.:nr:ur1r r iuuu rrfu rnlrlrnnr:ur1uro.:Isn

unn uJnjtrunn-q.rnrrirrllou: cn'ir$Ji r'rur r{uru6*n: uowi r rflsurtsn

{2.5 nltilTltitruloiUt:U1n1ri (atmoephcric circularion)

lnnlrtfirnrrlfauornnr: ud:-rf rolar.:a rfi n6otir.rowj unsrlli.rdnfir

sDnlu1nunli rc-radiati.on H10 batk redtatlon du::Btnrfi ?u n1l

irruqa6og'frludnr.,odrru.,n.r*e'ftifutsurrutvirrtr:row/*2 irlnn'llffunrrl

lou r dufi otir rlridl'r a r{uo u i r rru'lnff r fluXu66n: i.r'&ii i tr{ur v nnn : v',nr r fi arn v#l'

ornrfu *rn'rlonlasirirr, odlnj r vu ts) z? o w t ^2'lu?,oriru i r :rrg'r1snfiro ;nn : s

rrurrluprriu.rltrsdn:TJ:curo 90 u/m2 ,rr'rrj',o'rr",n,',:ud:-.rftvru]:fruiu

qnnrgirrlpdro.:firirInn irliunnir.rn-urrirl::gn'irwirurrrdu6r66n:nnwinru

#rInn rnrcofulnnocr{.!:'lilaanrrriaufr.rcvr{!'r r drranir:-.lilnrrarfinfrtUffi, *u

rdorqrnartrlrirtr66m.rnmlfoufi u::urnrrlriov r ultru r riou r nia.rtrudsura l

t

I

I ',
r



9

rfilrlnuinr:unn rrtn'uuarru{auorn r #u7.r,r66nr'hld.reurlan'[ua-n: r, odlr.l:crro

94 10 M9T

. fYrlanhir,rp n r::lriu l l"uuEa'ru: tB tl rntl tiuri.i 3ri 2, 5, 1 a1n1rlll

naun'rfiflir r0r'ln#r ilurnr66n'r irnc , ofia,rdl,Jiurr rurnrrtnauuu'luti.rui r rru#r1an
. ,i.j,

usra{ r uun?n{aasfl'rflnu w: tuln'lfiflauo'r.l ttnv t Rnauvlnnu rtj.ruir rNr#uflud

lrdn: n7un15ur tun '11 Iladley circ.ulation

ii P6l.

\
I

Eq

t

Polc

a
I

tr
l$n' 2.5.'t nr:urrur iuutalu::urnrttuuutir.: l iurta 'r1nni'lilin r:rarlu:aun"r ta.t

n'r txrula.rTnnarnnv iunr,'t:.;ns iuaanv-^'"LlYliliruun t:ttt u r iuuga {u:'turi
a4zt<

01firunwuln.: tu rlaarnr.nruir.rrurdur{u{dqr riifiar.rfitts-'tuir rru.yr1anitigo{fiJ

fiirio unutra llnnotnnn.r rfiav'acinurlltuurilri.:r1l (,rnguIar momantum) 1{
I r.JI i . re.e i.^.

o1n1ililln?lu r ir r fruiu r ijo r ortruR21rJ r r inuq 1 tnn t,lur tv r finnr:fnga.lornrtl

- .,i.i {' r d.,l-
Nlalnu1tlU nVluqn tuvt1.:nfiUnUA'ln1fiutRflAUull1tr.llf,Ut1lluflnl ABnfl'lu tUunllvllln

j.".. .i c .. !
1a1ny1'lritlf,! iuaan HovMi-tfr nfln1t r!6iuuruJfl{n11u L 51un yuf,x1.tfla nnul r t1

tlgn11 Corloli6 force

ll ulJu?a nnllr4ru r 1u!sa.!ulr u rnravr'rutqi.rccinrrdr{'luudnc ai.:inInn
u ,6 j . .{.i
fr.,ruan.ragluzUfr 2.5.e luriln{au (Troptcal cel}) ornrl:-auo;aaui'riuvi

uir:rurflurud6n: rndaufi'rij#rlonirrro',n.;fruu*{ri.rgryra'un?rulauuognour-r
rx.I- .,i . " - -n . .l ,,i -

n',dllUmlm t flUtl? lvl l0 lnn i nuLlll a1n 1flaE ttunnl t rru 2 v11., x'l {r'lu.l I flOal.ln1

'r
.I



lu{ r rttr.rrr166n:unca'n .{rio, odurrJtr {rrllnn'lu r rnrurlnn ( po I a r c c r l )

omrrtlvnbun'rilrd sd unvrnfiiu#rlrttIlfrlnn'luu:rulnlrt#ruu uf,rn'rEunlnns

r#au#rnfuurtid erj 1nfrrfufirn'rlnn 'lursnner.! (Mrddle ceu) nrr,#uu
., -,-_ r-{ .r , j - u* .i?@{01n1fi t nnlualnn2lurlirEn'u ! n8outi?!0.raln 1fl-lu r lnfauuflv I r,ei'?lf,n ttfu

nwirriuriraiioud'rrSrurf,rlon.,li'hirfrnarnii'nurqrnur.,fithsiunn'lu!snrfrJur.lnsr.:,1

-10-

c

]0. ! Prtrl3
SE rr!&NE rn&

30. s $
hrgh FrttJr.

Trofrcal

Trcp69ltt!

E3laerll.r

N9oL

\
6(r:{ d{r s

il
i'._

I
tr

T.oFc.l ccll

Yi6dl. (Cll

Pol.r .cll

E:5Erll?r

S Flc

I
tr

:ud a. i. e mhfam linl nnnrl r {u{.r udnm'u r:rrru r iuuso.lr r :u 1n1rr

. n.rrnr veluln{uurduyrunc udu;ilurfirilrtun'trirrtii r, dma?urilutiJ

qtrdrufiunr: rudtunrnqn4irjunndr.rrYu nit[rfianr:fi'uruJ, ,irilrnoon'rrrrgu

rirula.il::urnrrt uir:naifaufiaararr&rrturidnravinr:radmrdr'luudnctirllo.ril
v. .,i .fidar ruq rila.,rurcrnnr:uu.lfr:so.:Ion:aua: lo rfin6vi'lfir innr: r ofiaurYrlrJrirsol

< U "'< i -.- t
Iuuru!8.: tlnnl lw r lwMitd'ltJ r Bn r oln'tl ! naourl') .U!.llt1n?run ?.tunn nltrnn

ruJfi'trur,olarnro:cx'ir{ r sn'lndr 6r,oocr.infi.dau{urrau r inatir.inrg:,{ d.raroo,

rrlut ffiy'rtrf r fi *iln'irfnirr{r r,'or', ouo r su ( }j Jn s oon ),.r. o r *r, t',t'iuu'n1r*i.:
. -'- j --Utrr$rlri1.t r tdu duriuungaadrq:rnb rYrunr: , nila:rrir'hlrrlauo.rn.irrlni lc

n'rlrtriauirrruiiarrunaornrfid.rtiluuir rnrn{r.r5ou .r ', gnr#rur.: iri d.nfuc'.ryr'l

'h{rn'ndr.urn#urT.rufr,rurrurufir,,juoo.nn.r,*,r"gusa.ru.:rurnr+,Yufirdauurn

r t 1e u(1r11 n Htnl'blr fiu'llfud r fiu.: :rt ruul a# r .r "hl u,iru'u

\

I



-tl-

1 :1rd.:ui:u1n1*tuuurd.:oon rrfufurir.r, nr:uriut iuuaaorrrr.#nti.,

lr{r.rdu rfinfirtufufiriun'il tropoaphere d..rauludr.rnrrl6.tar icrr! I n .

d,i,-#.1un*61 ts nl. fruirrorfiugrud6n: qnm4f,tufu troposphere avntrnilnlr

nmr6.r firuo'n:#,s.t,o.,lrn.uo',.ut,fiir6t*rrrrnra drufin'm',rd,,rIor-rr.n.runuo

riunr'r ory adiabatlc lapee rate rrncfifirtJ:ctt.E! g.i c /nl. d?u saturated

adtatatlc lapoe rare otftinloaninl:s'J1f! 6.i c /nr. tmrvturl'hlothur.t

dru'luornrf,o;naruriu r Cofiruaud'rfirunc ri,un{a'qJnmJ6iounmrfourr$L: :urnrf, rar "r

ri, fi.rtla.uirf,rifurir,odo-o rapae raEe d{lcarrr:nrfuuJ:"tlfthudr.rlrn$ra{f,ru

n?1I({ mutln tropopauae octtti{uun EroPosphere oanQln stratoaphere

ln( q. rlu rropopauoe qnaa4iunvnrlrfirc:rufiurnlosotir.rvhftfuln vrhtr{rfinsinte

usnlu:.rdriunil Jet gtreemu lnuinrrrrfrag*ludr..: tl n'r rc l./iurfi n:vur{

nufi srYa'til ufu : ; B cilr.ifi r "i n'l o r ln: ua s fl6u hlno dr.:c rfr nian r : r n6'aun'r rn w rnrm.t

smrl

2.6 rnlrunr: r fignfrflr (Prectpitatlon procese)

Intn{r q lil rdrwrunr: r fi nrfn{rqcfi#rufiu g rwfu duu:n r iundu'ir
i.{.i

Frontal 61qrm 0.!triftrnrtualornnr: t ndauChlrrurfurnlnrnamrrcfi tdu (cota

alr oaae) rfulrnornr#far (I{arsr alr mage) drufitolfu illqcutYlavua.t (Atr

nam thuodereroro) il.rtiiunnlrornnr:aofldrfiiso.tarnrnrniofitirsolrulufruiofir

rlr (convecttve 
".o.r),ii,tfi'c.rfu 

orosrophtc ".o"r AJdorflfl#rfin#urrfunn

malnslnldgrui'btsun.rrio,,rcrnnr:rn6oudrfi1uuslrrsomrd lasrcilrcodr{E'.r

,#.fi'rfiltrrt*i r reurfion r sr

2.6,1 trrontal Etorm

Frontal 
" 
go., t fi nflJunJr*, ro*ouan.#rjr,u*rtuururnr#, 6ruri

wY.rurdu'trYu i.rccuitlrn'mfrflrurnfiqruir rogufinnr.{sawir rnfiiarrlnnfirn"r f.r

,odr#l,Jnar*rrseifla\,tl?8o1n1d nr:n'arr'molndlrriagrdnur.rnrqu{ovrrluadr.rtiaurrlu

dautl mcqvnrrfinlfrunr:(nru"h.ttra.tui r ?onndfu n\1un"qn



-L2-

gurunr:flcurilurr'rrrncdarufilillr,ulqntc.r f rontgl atortn c.ntcr.
!

lfu*n.r:lflurufi 2.G.1.1 firtrr.rra.lourin:.rrYudrln-u'iuirlnniaurtrsa.rrlna'ln1i

lugU z.e .r.;r e tvnlt(rn'nn1flr$iuto.rr1no1n16trs(n.r"lur,U 2.6.1.1 b n1:

,pr:uil:, iu*uotir ll'l .r uuru.n l#q'ruovirn'o : naua{uua'rn ", rl, iufiLrinn'ir n r:

riqurqsrrJulrtoti.lf,. n *nri!rfiarrlup ?.6.1.1 c cotd rront cctn'a#u

) t ' .I i
rtoarnrrt r fitrtrlt:orn-nfitaJnr+lqunfiJlu mJ l,rarm front oc t naill t iioarnra

riulflnrirorn'rrlrfiuiaitrvnriroan'iil tdo{e1n'j1 cold rronl rnfiaun':ratirn'ir
ea ,.r.rE froac rfuficrlri warm fronr rfirt3l e.s.r.r a ) vri'irlornradunaufira{

lila.nruunuia'hl!fi4 occludcd rront riltt(nl'lu?U 2.5.1.r . lufiqn rionfiu
. a < , i. i. ''idmrirn{ficc ruda rriulunhr:upr7ulala1n1i (3U 2.6.1.1 r ) mr:r 10,}41nnnflu

nianrtl

I
I

i

I

lo)

ad)

(b) k)

(.) ()

afi a.g.r.r n rrriarYruncdnrui'rro.rar,rdnnl.rBa { frontat 8rorm

I

)



-13-

grJriato.r cold, lJerm u6v occludcd fronts 1#uaa.:1flupJfi'

2.6.1.2:2.5.1.3 uo! 2.5.1.4 nrunifit nllNnlnttuiBa.r 
"ora t.onl

tfufi,n'iruo.,r varm front n'.:f,ri cold fronr a'.rria'htrr n'nnr:oagn'riuodr.t
r -j, r( , -t,?rr I t ?!a {alnlilnquunsru i,Ln!}ri-1flfl1{ u*'tnluo.loulitluur\rnafr'llir.l r{.tu rarm

f ronr csiiarrilnrnr D'u daun ir d.: rrJuHnvri'l.trr in unnodrrdu'r r dmlrnndr fio

i#lrui*ro:ou qun'.:ilunnrnin ffrr{rfi'rfinorn u*m-f ronr lourJr, tjudrlr rn'rrunr
, x.l ..

nT'runua:auaqlfrrfin {rls r r ln'jlfrr{rfi r ilaern co td-f ront

#.nrr{ riuuncnmrr :'?Daur: r aia#r,a.rpdnnr.rmwnq rnirilr;fu rut:

1r.t latmir., lrtrincrndaufialn 3oo n'o.oo filurui:'ludr,rrrnr zr. jrfu.r uia

crn ro fi,r 30 nr./ir.

t
t.ld .l

!0

-/-

I
llarn ar

I

!0

T

z6!

IaI
.l rs

:
l'l0
t5

cuilc

altEIi*n
nDtortratui War

,, lrl irl ca I i
Cold t TD

I I

f
oln*EL--l rw. E-*

F t
B

lr$ 0

DrLEa, ,r rrlai
to to l!0

pfi z.s.r.z pdamunsjurunta.r cold front



-1.4-

Y
Cold t'r

,{0

I
tI
T

I:o
t,oe.,^

^.'Gi

tp(E0[o
oda'raa {i r*!

B

0 20

CoE konr

,:li lo& r iouar

ro ao s

$fi 2.6.1.) pn'aunvnsjl r uu,a.t werm front

----' 
E

Ylaran ho6t

(-t iib

'trit --v-"
Cool all

rtnllwrd$
8

l5l) 50 0

0r||,t(! ,i ,nl6
t0 t@ r50

:t 7l grlf,n un:neil r ulta.r occludcd front

2.6.2 Conv.ctlvr atorm

IM

2.5.1.4

'ludrl:';u dr.rqg{aunruunnrir.:rYu: ru'hlornratavirts'rlnnunc

arnld'lrils r n r lnfaue I ililurnrin'lu d r riorn rric cior.rir6 o (Inu r onr slnfl 'r

rir*rirlnnl tnvqcnnuirR!irlarnf{fi?,a.tnr.ra"ind ornrn''onrer'lfrlo."nvooun'riru

rufrrgnni'lllr Eun.rIau#{a rnr#do! rmrtro rnr:eurdrcooriu, ioriu

.f-
&,.E

- 
Cold rrt

',- l-

DEr-l
llli



.n, J a . . < .
gnni'bIrEun'rufr.:lnnarrniu rvna'lrtrr lltrirvil rinatnnrtrtnt trfau (convccrtve

ctoua) 'vriarlc;nnrutflunrq*rrlrnvuo.rilu nrrurpritrurararnrrtruurnru{oui

rvfrurirfuirrqrtuflrncuo.rilio'lilfiiadriun?1xrfuilJrno.rqom4ifunrr!{{uavdnlv{a?1r

fi1wr:urnrt fiouf itrrtlilrlv,i'hlrn'nrfrflrilr'iuuitrruuru .r fuarctvrilfltfia,u

rnhln$nc rilurrruqn'rrrAXrinitrfrfimllirt1nu r on.rori.ldo'lr*dflrrfrrura r 5n

2.6.) orogr.phlc I torm8

- 15 -

6uBnn m qfil: v ryraniirianr : r n'nfrrYrrluinr tr*id'rgari.odo, iuuru
.i .i, -.i I -\ tmumrl r adarfi X: riufi6.:ilu r duui rcurfi on r tt orn tfi o:onduilu r iual unvuau''l

afi r Eu6.rpar ruiu f,.rrhi {xi'lfl r fi amilunr.riruvnh go.: r fi an r sr'luu r snfirflu

,duu.n.n, nduuirn.:urrlr.rnramd,,r r urfin:eiuilruncria'bYrrlniuiru rfiu.rr finilou

' 2.6.rr nf:riad'rgAllU (Prrcipllrrlonformarlon)

nrrriarirmrrtu'lurYau r lrli'udnllflupfi z. 6. \. 1 r doarnrrtmuir
ltru
iuus:rEunl iftcvnruuiuernlarhnnrurilurolrnnr rYrqnruaidin'ir1nrilonui.r fier

rn'aefirnfrui..rrmrfi nr:naruriurfu#a.rnr:ir r ofiu{aiur-unr:rlrfir r iunil condcn-

o.tlon nuclGu" drllrnqnmvrfrovifu{rou, ap.nm.roJrfi'nouagluornrrt
: _,-- : .

crulrnc?l'mld rifu condrnssrion nuclcl 1d aunrafiilaaauog tilu nuctet

f,il tnzrcjrlooaurvSJ:r1biflrfir:6rgnroriurnqnaa.nfr'ii1fi'toaaulwr:urnrrt

lgir'lorprauolrnfiafittturornrr-,r,uir,,nrrunrl(rosr{ll rsnauza{nirsniiG:

lu1nr r cufi'rirrrcrnnt rfl r1$fi r &rdruardnnr.rua.:oqnrn rueirfi {1udlr#.rud

r: rr.ti-i ,.
10 ' o UIJlt{ 10 g UnlOUIlntXnTrttltlun?1 acroeols l}lAn E1l

. -l, -u j a
lu1nlo{ognouasu: tlr'ro 1o r nituu rarogo ra r nnfidnarlcgur cnoulil

f,r'uolnoil a-too drrr,inlu

o.t i.
uuml 1 r fl n 1 ll r nnl 1nn'r r R ru ttuuuns n i EmJnunumlrlnfr r iu.l'lunucfifil

,#*il,rr.*rrudo'lnrhirhi?u aun:vii{rhisurn'iuqlrfiu.rr,ofi'rvnit[u:l6.rgn
c { . 4 er .,1 .l ^ ,.,i t.i

lla{ lnn lJlnn?1n?1Illa uunect:Innfl{ 'l ttnv rYr}rgll'I'| luqu{fl tllorunlvrunul1un

rfrdu'lu:vrnirovrr.: atir.rhfiniu rdarrn,hnno.rrt thcg:rruucrnirmlrsa.rth unc



- 15 -

l t,[,t.!t t{.otrE I.,lv}

\

I

)r plcls krln- -r:r: .".,. ,4'hrri(,l? ri. "r lro'rlcn\' B

'* vrFr{ rxr u y rohJ frnt!|.\
(illlcrl llcn\oh (llllrl l(l Fnr)

gUfi' a.s.,,., uumfrlurYauiuadriadrlrornnr: nuctcerlon uo{lDlfl

Ull scro8ol ttfl1H1il LUU-! X01n lni:ft1UUllLttlogn'll,: ! IUU

. a i. { h e J . - .
onllRlunt .t 90,/9i411'trul I ?Lnlau t'dnou I r8 lunM{r alJa?

fu 1 frrm#luqirorJr rnna ani,rlr,Yau, rn

ollnrslxumfidoc t 6ns{o'n d.nfuuumfrfiarqlcnngurna.r'luli acrosol ltdnaf.t

ni-r usronu'.filrrrirtau,,r,o6nfi'ru n:cr,dnrtiiiiuu',, n:c,,lol,fiJu1a"r#inrrrr{r
a,..adaaDarftiit 0.5 ft./Tl1x n txu{Ha(infunll*ut1flumr1$J10 10 ! xffnuB.nr1ui.!

ir- - , -I i ., i. ,
ifnfrnrinrrirfiu! 1ria.:urngrjir.:unvourrniluqh'ir ) drrir:nn'tvgnr*nnrtJfirun:v

uffi#iarr r {TIsBn i1 o. 5 tr. I }arfi i4o-n : rorn r:nrurniu nnn{urr c truuns
{ r-!" i u , i e {

nouiuac rilriulnsr oduu:cuTu 10 fi:{ nau}t}tururcrufi,lrn6.t 0.1 xlt. tllud
rf,u$rsdtst n^''ortou r,m.r,.r{fiiiu ;

usrnf.rfiinnn r {irdrugdnnl \, 1 lu. u iarloun.iros f.ln.ridnu0rcil:.r

nmr udtYrfiurabqin'irildudrrto.rrinsrir,uruaanaun:iyJ{fiunnnllrotir.:1rii

r ifistar1r unt nnnaan ulluuumh*u r 6n'r rumfr{ufi nnn.:! rqrnfiaur ufllautnic ti
unarfrrdnr;ufnnl.r 0.1 fio I ur.



rrnnrrf,.! r nelrdn.r'blr fiir "i.luuEnharooviro glurfou t r#gruugirion'ir1n
e .J . i o{ -ir -{ r

rEonufi.rfr - ri t ,q*n+ifi uunrffir6rn"rft:u6.r fi{rfiircvlrii nuctot

rhuiurisnuft nrlrnafirlenh6'lJrts.rlorirdrrfiairuErlcal'rn'ir*nTrfiri#rifugolrflnr

iofudfrarpramshudqnnal r f,rrfuucirfr oprnmoirudmchfi liunr:: c r ruqll
.<od-a-aa

r,t8cu'runtn?,ulJn{uuflnflu1$!.! tflEn1ttuflula{uact ? n?nu flnmll[E{a! t 2u tl,tu,

lloruocmnrrrrihfirc otirrl:rinu rinrfruiro-urfoi'rorcqclnf,uiwrr'ln{lurfue;wr

acnlaun:l{Erlon1u3rtrc rgn rrtru

e.z 'laffr'luornrrl (I{ater vapor )

tfr'lw: :umralvaglugrtm-rrirrtuialarfr unludrsnJs'la?ruc#uhrsnsru

ru1urfrtuuiorrlur.rumhoflurYouura utariuocnnrurilu?,a.!r6.:rdufilr 6nrfru uovuiunfin

rfru6.raglu/faurl*r ililronrar"lofr'luu::urnroio{rlaunjr r dru'lu loo,ooo si?uroir

rtilmafd.nlalulnn ruirhiuvru#drftptir.r niu'tCfdariaqvrn i4{n :

?.?.1 n:rl,lfuoitilrc (Speclflc hunldity)

nrtrfirqi rnrl ( c.,r) in o-nzrdansa.rurnmllsrf,'luarnrrlriaurorn.r

u.n.#f,, d.riri, rrintrt'n:rd,lurolnrtmulu.iuso.rlarfr tc, ) n'anmuuul$jum.:
aaTlfldu 1e")
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P

at

pv
P

2.7"1"1

2.7 "2"L

z.?.? afUfitlO (Vapor Presaure)

nnm{ oarton nrit"l{'irnrrlfir'losa.rrirt'la .r ovuJu6A:vtri#uo{

rful'drfrdu "r o{drtnrialrl d.nYunrtr#rlarh (.) dovur'Uforfl ideal gae law

pe TRv

mI T = qruu4idq:r{u1u "r

- trJu aas conatant go.rlofr

= nmrmnuriusa.:1af'l

= nrtrfirlofr

R

{Irn':tlfir: rrmu.rrllam u rnretfirfio p

p
v

e

ornrdur[.1

-Y c.n{Ul p-e nnofi'llllml?Ftil



lE

P e=

p

(28i i/Ks "K)

2"7 "2.2

2"7 "2"5

?aRor

un Pd or rrmul uriuga rarnrfi rrfl.r

R gaa conatant ga.:a fn frlttr{,1
.:;r',. ,'J,r _- -- ..i.ilid

. orrrnmtnjurn.:amfif,u. c" iraorc:.rrro.lrr2.r1qf.pyutlo.ro.praurllrfu 
..

otiinrruiurn.:bf1d!fu p" = pd +..pu rwyril saa cooatant., dru.fuprhfu

*" - UffZ IntmJ o.Gea iroo'n:T iutoqfrnrinfurnqnriauhdarirrqduso.nflurln

llrnqnmlornrrtur{.1

a1n(m1: ?.7.2.1 rrnc z.?.?.? uaedro"rrYnnmrdr.rdhrr:rqv"ldf,ir

P . r ,o* <6$!glt *a, z.t.z.3

rars{rnrrilJ (?.? . z.'t) ur:firutunr:fi' @,? . z. )) r:rlvlfrjrrhnrrltr
c'1rilrs \ qaJrcrTlrilrdu

.cv ' 0"6622 i z"t "2.t,

<rnr:tJ (z.z.a.r) drur:n t itru'lullunJso.: gae conatant f^iltill

arntflf,u, n", lfi'rrlu

P TR
aa

-tlniil

nrrlf,lr{u6:il'jr{rir saa conoranr Ahr,riuarnrddu uocarnrrlrntr:asri,u

Ra - Rd(I + 0"508 Cr)

= 287(L + 0"608 qrr) J/Kg"K 2"7"2"6

rir sas constanr m.rarnrof,urdlf,unrlrirnrrltrcirflrc (\) ui6.r

url'ir q diri.r.n r (r$r \ = o.o: kg uaqfr/re sa$rnrttu) R?111t;1

cir.rruilr'r{fir gas con'ranr fru:'uarnrafilrnvarnrrru[.nYuociruYurf,u.r e rrJo{rtud

nigomnirnomrrrfin'nnrnlrtfuocior.,ufirfirmrodrlr:nov{1lfl fi6qa d.rnrt

fulmI#1dt:rcv t irlndr nrrlfir1o,rfr6'ln-r (seruratlon vapor preaaure) (e")
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dalrliulo,hi dn:tntr:cruuuasa-n:rnt:Rturuiutrasrirocirirtyirn-u aiuiuarnrrtrr.rio

-; -.1 - . lwtw . -! .: ...irir nrrufu'torlrdm-roc{nrril{ufir6rYuqonrnira.ralnlfliitudnn'lu:rJfr I . z . r uia r iltru

rr]ualnr:1fiir

l

6

!C

,L .f
o
-20 -rt, 0 r0 ?0

T.mFr.rsr. {'C I

nJi n r rufi r"l aririln"r r iluf [.r 6iu t a r qorun i r urio r' rrir 
1 

a crl

Il a{r

2 7 1

o:rufir'la e

o."'rfi.,dt ri6,n56u

llnyq0MnN T
<a
{.tun21 f,u tau'Iolln')

*n = t" qwltfiornraosa'td'r

fia qnm4ifiiarirfir.r rd

a
e

tu0

rfr?1rnu ta e

. 17.27"r
"" -i 6II exp (Zfiffi)

.l<,r
llto e lllll.l2U tljlJ Pescals (Pa = N/

s
.4td, $n! T llttu?u ]lJu c.

drao,r n r rrfi,rlorfr6ln'r'l fi u*n.rl fl untr r lyr' 2 . 7 . z. 1

TABLE 2 . 7.2.I

Seturated vspor preasure of waier

vepor over llqutd water

2.?.2.7

2)
m

Temperature Saturated Vapor Pre s sure

.Pac

-2
-I

0
0
0
5

IO
l5
20
25
30
35
40

125
286
611
872

L221
l- 704
2337
315 7

4243
5624
7378
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r' .t dt"
fi?1 nlntou.: - f

d
differentlatc dlltllt?l (2.7.2.7)

so {nl 1lia'r lrdu"larfr6ufrrq curldotnnr:

(2"'! "Z"E)

n0tt

A

Rh

A fER?1In1nlAU.ltfu Pascai b

ira a"n:rdarga{nrrufirlo

2.7.2.1)

Q.7 "2"9)

Td

409Bee

( 237.3 + r)z

611 exp (

t

drnllf,udvrfvr6 (Retative hunldlt
l.

frfi ur{q:'-rfi rf irnrtrft lorhildrfi {o}.r{iuo.!orn1rI

v)\,
(qflfi

qruu4ido rnrar v r rirdrdr, irainr',ut {,r,ifrndo*Jdiroqom4ifi pffrdr.r

e
es

e

frrstir# r. i. d , i
n-s{ndnrrcolnrrlunonil innrlmnarntd"lf roo xp" qsw{fumTl2.1

d e,i c usvqnaqi{lrilumio.rrnhfir.rrli,rfu 16 c o.:n'ruinalrnrtnrnrnrrl nru{u

f,urftrf nrrlfio'r tiltv uncorrrnnrlNiula{olnlrl

#ri nrrrf;ulorfr6'lC[# r = ao" c ilrllfqrncmr:fi' G.7.?.?)

ee = 511 
""0 <.ffi!i

i7 "27 x 20
r:tTsa-2n )

)

)

2339 Pe

un c rir n r rrrtJ"lorlrfi ufia i l fi niuruldfo rn4n: r du rrlul au"lflqoaa4ifi 1nrhfir.r Td=15 c

e

e=

611 exp ( L7.27 Td
ZIfS-fEd-

17"27 x 16
TTTfrTj

drnrrntrf,c,f,hdcrdrnr# e J.2.il 6a

611 exp (

1819 Pa

e
es

I8I9
TYIE

0. 78

78 7"

\
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uncdramrtroi rfl rcur"l#qrn(rnr#' ( e. z - e.,', ) Inui
)100 x 10 Pa

\ 622

o.ozz <l!le )

I00 x I03

o.OU3 Ks?od1/xe ra{arnro

0 e
F

P I00 KPa

(2"7 "3"3)

x
du

a?1uiu1[liutlo.t8mTlfl'Il2u'lda1fl ldeal gaa law (2.?.z.il d1 gao

conEtant R8 x1l#a1n (a.z.a.e) Inufi \ = o.0113 K8/K8 tts!

Ra = 28?(1 + o.5o8sr) R, = 2a?(1 + 0.608 x 0.0113) = 289 J/Ik"K

|'t8v T = zO'C=(20+2?), K= 29)K i',niu

100 x 1C3
wfTTtt
1" 18 Ke/m3

2.7.3 'lof1'lu rtri.ru:: urn r#eg"l*a r r aorJ (wcter vapor ln a etatic

atuoepherle colron) " t'

i,t'nsti . nlfi oruglqrwru6m.r'lafr'irlrviw?rH1n'rdfioH1un12cn.#dfu u:neE

ldeal gae 1aw

p = paRaT Q"7..3"i)

tElV hydroetatlc preaeure law

dPt; - Pag Q"7 "3"2)

p P

ETaa

n11rfi.l$iiro{Qnnr4iornrrlrYunr1llf, .re s r duliln1ffilm1r
dT
Tz C

rfli c i6 tapse rare d'.urrn.:1ug# z.z.).1 ntnrfiluJ:m.rqnm4i'lu

t 0.r rdfun:.rialfu nnilt{ilAn( e do avmi"l}nrfn2lrtfrluJr ruJU nonlinear !o{a?1u



firriilnm4.r nrlnmuiuuncorriltuqh rfircfilvrfiuuJ:ru.ru nonlrnear n-uoi1rf,..:
!-

firu omrlnr:fi' Q.t.t.'r) o" = # r,ncrrliurir$0..!'iualnr:d (a.z.r.e)

oc1#ir

-22-

tffilaz

aln <2"7 "3"3)

pg
RaT

dp
a.

dpTl,t?0

tMunl de dT
c1

pZ pI(
T2

I )8/on,

dp = q#,+p

integrate #.rao.rfitrr uu "ir.,: v fflr,J r rnc a 'luu::urnrrlr r rovllf

o,t, = 16r r" cf;r

1,l:B

<2 "7 "3 "4)

rrndnnr:fi Q.t . l. il nrrrfirN:ro rqnruni: vu'irsnlld.r
2

z tmu z RAI

T
2

T - e(z 't)I (2"7 
"3 "5)2
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ColuInn

El.v.rlooi Elc'etroni

/ r. \;I.
P:: P, \,JI;

I

I

I

.L
-r

f. = ft - o/r.- :r )

El.mlia

qlto.

L
I f2

flJfi ?.?.3.1 fl ?1rfi.lu! M {n?1ilfu $nvqfiM{i'lurlvi.rr: r u1n1i

2.7.U Pr.clpltabl! eatrr

rLiurnnrruilr'luuvi.ru:rurnrrtlrriunir precipitabI. warcr

icrrruruduornrrld.r aa 'luuvi.rornr*r'i#rfiroll;otururt ru rrirrYu ^ ( ItJn'

?.?.3.1) x?nrona1n16iu,,*tuorn',tiSo p- oaa uovrramorf#ia$tlua1n1rl.a

PO qvP 
aAda

Y
tlrt 13QlJulJ'1fl?,a.1

1 Ctl ? 1.1 '. 3 tru R ? 1Xa( il Z tln]'3

prec tpltable "...r #.:uln'lu[vi.i01n'li

ta'I 2

oPAda've (2.7.4.L)

sl nll inrcrrst Q.?.4.D (Tn:nn^rum1ilnu'ifdr.rarrua.r a a

r . .,1 {
tun1lO'nf l lnuut8gi2{alllll ?490.: prcclpltablc water t}llltlLl lX1nU

Am (2.7.4.2)

n

z
I
e

z

IP

P
a3o PA've

tI0 q llnC P-v-a riufll t qRti!a.:R ?'lrTgua 1 t 1r1t LrovR,)1lllll1ltu.ljla.r

a1[ 1filud?{Fr21u6.rfi.rneir r preclpttable watcr }luivrnQsirir rvirrluaau rnso.l

I

.' 't
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J-'r
lt?fiyt tr$an!a.rBoSud?{n?1Id{Eoitu?liru?1u1fi1fl

tl20u1\tl4 2. .4 .1 e{n"1U20,}'f1 precipitable lrater '1r,ry,'mrnr#6'r,
zr. llq -if ..g?!!il 10 nrl. tul,lo9l ?ltllfiJ 1 n1:lilllln? R'lltJfifltnr lmJt lnu 101.3 KPa qnru{ll,

io {<
o1n1filtet1ruRa 30 c rr8v rapse rar.e rvirrtr 5 .5

!

nrrurlr"lflun1r1.rfi a.z. 4. 1
ad6?Dn1 HnlA{nltfl1u?fl t

--
vt''lf lun r : nnncu'l ilr virrfu

fin
rd

fi11rd\ri1{tllnyA3

31 = 0m,Tr=

dNnlru (2.7.3.5)

Z

(km)

= 2Kn = 2o0o n dm:"u

(30+273)K = 3O3K fi'

= 6.5'clkn = o.0065 "c/m

T - a.(3 3r)I

'ClKm"

n21'ld.:$o { : !fiJ uchv dr.r

z
2

2000 rn aT

6

Vapor

Presoure

(kP )a

30 'c

1il

Tz

o

z

- 30 - 0"0065(2000 - 0)

-17"c

or:ld z.?.r.1

Calcrilatlon of preclpttable water ln a saturated atr coludr

tcimdr{fi z.?.\.1)

Colrsr 1 2 3

Elevatlon Tenperature

45

Alr Denslty

Preasure

PP"
(KP )a

(r.e /r3 )c)( ( K)

0

2

4

6

I

30

t7
4

-9

-22
-35

303

290

277

264

25r

238

r01"3

80.4

63 "2
49"1

37 "6
28"5

1 .16

0"97

0"79

0"65

0"52

0 "12

4"24

1"94

0. 81

0"31

0.10

0 "0310
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Colrnn 7

Speclflc
humldlty
o'v
(ks/ks)

Average over

lncreEent
qv

IO

IncreEental
maa6

In

(tc)

9I 11

7. of
total
maa eIa

(re/tg) (r.e/m3)

0.0261

0.0I50

0 " 0080

c 
" 
0039

0.0017

c.000 7

0 " 02c5

0.0II5

0.0060

0"0028

0"0012

r.c 7

0.88

o.t2

c"59

.0"47

43.7

2Q.,?

8.6

3"3

1.1

77 "0

57

26

11

4

2

T (17 + 273)K

290 K

2

P
2

2E7 J/ke"K
J
?r 2.7.2.6)

n'.rudal'luaafrifi 3 !aitfl1r1.: ti1 8eB conatant n. Atm:nlftir
"ludratirul r n11s'i1n ? 1rfiruJ: so.rfiJnlrrilnrrrfiroi r nr:rf,nlou 1 ggrJ

n?1!nnar1# aooo m avu1lfra1ndln1:vri (e.2.:.r) Ioufi

8/q n
a

9.8I/(0"0C65 x 287) 5:26

rr<frlsr"R,

101 .3 ( 290
5U'

5.26)

80"4 KPa

fi'.rrrnn{'lunailui i*

, ir-n?llrlil1rBiura{o1nlrtfriliua1lliul#a1n e.?. 3. 1 )

[TPa
pa
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101.3- x 103

(ZC7-xfOII

1" 16 Ks/m3

' ' 2.OO0 E

CU
luu 1o.r r nu ?fru I tla ; fl 1l 20tlt1n?1u1u1u1iu1ro.l01n ralfi rr,irrfu o. 9? ke /n3

-*mrn+utuiuro6'u'ludr.:nrlrg.rdrdr,fir a nr. 6.rrr,irrYu 6",=
(1.15 + o.9?)lz ,.07 ug/r3 ( gnon'lri i tn! 9)

nrrnfu 'torfrdrfi'rfi firinrn-u rrlfiqrnomr : ( z. ? . z. ? )

e = 61r exp r..N/.]+'

= orr "*nrlj;ffi$)
- 4Zt+4 p.

- 4 ".24 0.
J-i"1e,tltiJ 2000 E lO T= 17C" 1.94 KPa aTfln:tnU?mJ

ft{f'u (mdrd 6) draruf,uoirnrrdf,rifuo.*1r{arnalnr# e.?.2.\)

c" 0.622 ;
0"622 x fti:
C.026 ke/kg

d .ooo r o, = c.015 tg/te JirronJuflo{n?1rfirei!ilrc'ludrl

2 kn rilrflnr i = (o.oz5 + 0.015)lz = 0.0205 ks/ks (nonial a)
!

rnrurir"luamrrfi Q.l.tr.z) riflso.r preclptrable *rt"r 'ludtt z kn ffinac

rvirfiu

= do- aaz'va

- 0.Q205 x 1"07 x 1x 2C00

- 43"7 ks

A m
P
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Insir:u :nri'ilrnfi t filfrlmin ctir.r lrn : rrnf.ur,n?10.{ precipi tab l e water

luru,i.rornrrtqvtrirrYu ,p = ?7 ks (non-$l rc) ilrilrrYunrrGnno.nfr

77 0"D77 n 77 rmpA
w

/(IC00 x 1)

rn#uno.:1unofiufd r r 00.!n1r1{rii z.? . L. 1 din:-u uJo{tdudsotlrn

rrl"luusinytixudnl'jrfi prectplrable Barer,',nnjlui#org.ludr.: z t@ rnn
.r < a u r {<

t14il0il?dt$t'{udnr'luri'raursii fi precipitable Hater rfiur r dnrlosfi: vuv$.rnir ro

km n?lilfinffa{ precipirable water'luwi{arnrrtf,noIf;ucnlqwri'bYrfinnrqmna

rdn ,r lff udirulunrqrurnluqlnedo.rinru#rinrfrurorn#ufi'ru, , rfiotlimnnsiotr

m
P





'j
uwl 3

nr: lmnjilmlflflr n1:? E ! Huacn1:nrmirm.rf,d

(MeasureDent of preclpttatlon r' Evaporotlon and Transplratlon)

3.1 3rJruffia.nhflr (Fora of precipltatlon)

rhrYr (Brectpttatton) florfr"luaonry,i.o r rlnnuournrnornrnfl.#ufrr

' - , . ..Vzr
fl.rortavogllBtlo{fi urnf1 rfrud.r t,tisfil: i.:fi 3:.iurrurir.r 

.r d.:rio'tufi6e

cur.l:ou (Drtzzle ) rrJu$^dnnil:su q surnrduiltenrfinor.,:sos r fitnf,

atralaunir 0.5 irnirln: n2'Irurit (lntgrelty) rlaunir r irafirlro:tiotihllq

ehl (Rain) uJuorufinnnrdfudrrtudnnr.rirrnn'ir o.s infitun: nrz

:luinuR?1u$r.r?,0{etu01eastls.:nr'tfiuJu ,* *10 fiorf,.,nnrfinrlou nirurr:,1

(lntenelty) lo.rrlu 1-5 w./fi. tlunn ntnol.r s-zo ur./gu. i,,lunnmin ro-eo

rru/dil. mvehJfinurlnrrn lrnnr'r zo uil./dr.r,

. Gtaze ufu*uuierMJ:sufiitorftrr1urfrufi-: rio{qrnnnmnrvrurfuiaq

r fiu'tnfifi rlnn r durraolnlrl ov r fi nfir r inqnm4ilnd ii c

sleer riturfi*rmiui.rd'rrncp/ndtuf,alnrrfiiranm4if,rnr"r O ffirnru;

nnulrtd.rla ilninnlsalr&rdnraudnnr.roqi:vrlit r r. usc r r.
-tu'irv ( sao*) rfrfi grnqrnarnrfi'luflJs0.rHdnrfru6.r r iunirfi lc t fi norn

lofr'luarnr *r.t6'tru u]rnhud.r1nun: r#rusurunrd'r isn"jrnr: :v tfin ( ssp 1 16"s1orr;

H6rnhufi.:rm'nverfindln:onnn16ofil't# ,,r\rro:nfir6nrnra q H6nocrrl,ei?ffu'luornrrl
,lI

nauusJofla{!{firml

0n rfiu ( nar r ) rr]rnfrfi nnornornra'lug.tmof:ru6$io'nrcovnar ilis rfir

rYor.lrirniuzu turn r ffirdrugrdnatqrnnit I irafi r ln:

3.2 raio.rioiarfrm (Rarn sagee)

rfr*uo c n mhfi nfi r u r alo.riro :-nrfr ltu a ruu dl'r urYudror, uiu oir i*f. m,*
Et?ttn1 (Nonrecord ing gages ) uur, oi'oofio imfl*ututuo-nluffi (Recordlng

gage s ), nrJo ofi u'irf'r*, rurdnluii?ro r ai, oin*l'.n., 
^ 
*ifr n n : rr6n sa.iffrih#nna.r
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rnludr.rrrnrotirdssfi*ffidJT'odr.:o-nTu,ifi d:urn{o.:irar'rnhntrunro:rmr1a#e q
.l

tJufrrcuJrvnflJtrenrgucfirorfirfiimi.rouluuuri.r i.:"lflinnrrGnga.ntiffiufrdu#rg

nrnnnn?{ilT1:1u (Groduated neasurlng cyllnder) uio uttrtnaall t, od"oin

ffirilunro:lnravfo{ a ,*fia ,o{uoirar-aurumn:5t (standard gagee) rau
.i.r- -urnib{ibiiulu t ftJdn ( storage gagee ) or?m1d? r nislirar-nurulrnr5Tl ( g,Jn'

j.2.1) oclilr-fiJiraufrilu'luucinviuunuJ:snaufitudlurzu:rrafrmruion:rr*;lffl*,
tlr

lilf.tn:clonnr.liarfrm rnialr-nrfrrtudu:-ugnnrvr'irr:rdrtr:orinr:inraiorfu#aXn

lf,ludrod.rfi.lnnfuiani.rrflmrrrir#u ecin'nuouruilou,furnio.:iroinururln?jrr uci

n:wonnrlr-fifrduovinrtr.olrnn'ir,o:io.ri,oirnfr*urururfiun-nqc'lfflunr:r'mtilmlfrru

lud:unonqgnm "lrntryirir.rlnnunui{nuordua$Io, , oiroirimfl*uuurf,qul:cnsuri?u

nrruc:o{lhhrlu,riunrrri'.nf,rmlrrrrurYn"t{ lnud#rtiurYnovlfo.r'lw$rodovrlrnrilr

-.d " "' .i.t. e .i od
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uiotr r raqS'u q uia r ndo.r i'mirou, lu riar;'r r"if,ra gn'lu1ffiunr : i r n: rvri i.rai r r1u

io,flilcrrruriruo.rtnmdlroilrul.u n,lruriu,rruril0asffalnarolr'if,i6riuurdufirrflau
r. .f . . .r rre
1E1OnU !nUtnEf{In U:O rfdn: rn'rUrjni (Normal ratton mcthod)

..r i.
iE r odslntr r nsadnuov iEo'n: reiruuni iq r:rur I rn flatrnsa.l f, rlanlil nu:o:.r

un:'ln{an#fiorynrrnrarulu r'oa'runoridnnuilriiufiqr:rur ,iJnon'llio:tri (rno"*

srarton) lfttitruir*uU:vriillni (NorrnaI annuat iarnf al t ) ?.Ja.tdn1intrri

iru-uriilruiuurj:vq'dluni?a.,rn.,ifi'frouuo.',or.'r'l'Jrfiu ro ruafrvud )lin1l!lrr.ru

rirro.rfiounlaui6o'n:rei:urtni lnu'ldnrrn r: i'sio1.:d

I
J

(PX
NxPa+NxPb+NxPc
Fa N5' iiE

(3.6.1)
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tm Px

Pa, Pb , Pc

Nx

NarNbrNc

{lrHncir.td{n6irr'til r fiu r o rilof r rilfi "1ili6 r onJulnt r ngnfor arnrurr:ia1ufl

px = l (pa + Pb + Pc) .:".".".".""""..."...(3.6.2)
5

I

= rirsadjiilTrfr*ufigrrnaru"h.tso.rco1fi x

= riruilrrufr*uso$nrfin::qfi a, b rms

= r'iruilr,ahllrltj:srd rlnfiso.ldnrfi *

= druiltufrilu.l:cq'Tfunfifla{and au b ras c

' uonamdnlrili!ilTwhflo1#rrr,rrulilaraocfli"lrnaui6nr:r1.ldfiA driundr

n'i:irn:rcfiruJar.uYufir6' (correlatlon analyels) lnu"ldfloXnuo.rdnrfinJilhXnmn

uruttrtrfloXnm$nnr'"[n{rdulrrrirn:rvr{ {hflonr:irn:rcr{r.t:rnndrlfldru:vRu{nuf,ufird

(correlatlon coefflclent) lrnndr o.a r t rdtrm:n"lilfoyntro.rfnnr*lndr ffE.i'lmrl

r.t: uum,rirfloXndmnnrslu'ld

3.7 n1l:Cl14U ( Evaporatlon)

<!! i<..
. fiJcduo{ e rt:rnr:nhdnacianr::v trum.ofroanornn'nfrtiln ( open rater

surface) rlol-prurirrli,o na'.r.rnrvrol#urirfr"tu$Jso.tn?1lJouuil{n{lf,lunr::crw

narurulrlolnsn?Td1il1rnlun1:rndaufrru'lorfraan"lua1nfiz]flIlso.nfdfinr::vruu f.tfl

- z d 
:!' : r

arta?fi)rrrngtuurr oir?tn.:itlun?lrifouua'ny"1'frtri,Ir n'r1rd1r.l1ln1m1:fl1ro1"loff1oonlilam

fi .6#in.rr r,ruf,ualirYunnl r f rnl rlrflof,ufi rinsrirnirl,fiIo'1 rfl+d.rornT oruflofi nfr
,t

arnfi rfrri:cnaulrJfiranitv rr'rB Inun?iramm.lnllrvruu (Evaporatlon)

fi rso{irultnvso.tfi$fu nrt nrrfi ( Traneptration} aomnn1Qtuflc d.r r fi nflnrlnunr:,

flogmfrfiurnrniil In#rfrocrn*aufidnrehdfulrd'lurin:votuoon{u::urnlodrugl6n', fu

1#riun'h3'tu (stomata) w?un1:lc n4usa.nfrornfi rFru uavnlraluflalnflOflrfun
.:.

nlrfirr'rnr:'ldlfrsa{f,d (Evapotraneptratlon) nr:"I{frfrm.rfltfioghru'id&rBnom.r '
r.l

rlno"s z ilrvnrtn'oBurulrufrr drilfiJnrrrsrugerfiafrrf,a uruu,o{nru1d6mtsnnasdy{r-u

fi r in nr:I#ard'roa.nfrrr$riu 
,drunr:"lfiirsg.rf,cdr.:.8.r 

{pote.,trat evapotlan-

eplratton) #u6c nr:'lfif,rso.rf,#rc rfiF,fircrnf,ofirpnlcrullliliinrrsrnuanunzrlriflu

il. m;rtnrno"rumnfl dfluru:vrr.r r fiu rfi'ufrr*urtft rufuiarr rfl n rirnr:'rilrlhso{fl#rnr

oi.rq cafln{eirn.irri.rn.,:1fifrsa{fi rdr$.r r iinnrruilrf uArui.
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i6nr:fiiullflrYulrnfiqn"lunr: inrlrrirnr::c ruufiflilfiTnuinernnrninnt::v'tutr

(Evaporatlon pan) nlafanr::v ruuin{r.raruuruotir.r1:6nlrofirdiul"lfiturnfi'qain

U.S Class-A pan, U.S"S.R. .C,GI-3000 pan lav 29-.2 a.nk Claee A pan

isurnfin 25.t drr. 1,o d.l usvr(udrugtdnor.: 1ao.6z fi. (4 4n) rnvnidru

rildnonrf,.rncdlnulriinranfr o.uorUn.a.,,*thorr#r firdo.riT .rdrn{u"hl'arn'ldd'rlJ1:n

rirurnldfuirtudrl'ldfnrn u.s.s.R GGt-3000 pan rJuornmnnr#ud'rSudnort er.e

tl. Inuiffiflr.rl#rrlugr.tn:rutnluunrunsilhfliuornrudnatud.rnrfi #rrifi*,I",*.:nrnrvir
o , r io
rfu o.r rf d:ufrrthnrnn:lnnlfinrrufinfisoun1fl 50 rn. drunrtrdnvr'1olfudnor.,lrvir

lfu 58.5 fi. idfin#suilnuil.rnrm.rlrl'lufiu'lflei?urrou?a{nlnfl{lrfioo-,n"fuFor1nuu?vra)

rvirrifu z.l sil.

uonrfioornoraionl:is !uu!r#1 u-.rir niorfiodu ", a'nnarsdfi#6rrf.rog"luanrfi

drrnrr.-nnrz:rrnu fiii:runr:n'.rriotufl trl rnio.:lanmurf?Br (Ancmcrnerer)

6n#.r1#:vf,ir t fi.1 e tln: t?tfianrainnr::ctr.ru drufuirnrnrrurfrgo.mu (a) loCr.,

iniruiumfrururJEiiufll (3) rno{Ilfirno{ (ltreroooeter) t'tfi#qor4inrotfr

lunrrinnt: r s rilr,unc ( rr ) rvro{Ili r no{dnr{ufnqomgito orntt nia t oCo.riro isrorr,

f,u*rr#rg ( Feychrmeter ) r f,oimrqomnimcnrrr#um.tollrd

' Iagfl :u ia:ufiaIr'lun rnianl??c rr4tqn I iu r,iururrr:r,r#rfioftfietr:n

dccurlfiom"bhirirrt?ltrufr*urinnlufinhurnurrrrfiruufrr nrlrfinmsffr'luo'mqs#otnhnr:

Af*rirdrnfudor'arrso:tf;rln*r:ldnssor-nicdfuf1 (Hool Gage) uiolaunrztfirafr

n.:'[unrario'bl::fiffr"lunrn6.rtn'qnn'n"rrruolfortroYa rirnr::c ril#fnlf{f{rlo"n5en-,:

:sraurcfiritTrni#qcdrilr:n{a"lCfirnfinlrao{ylvrneruvrinqirrnfiagl,$irr,firnirfiuTrh lCf

irnraj:vrinrureirgrurfirruYria{ruryfivr*nrnrlanr::si}aE (pan coefrlcio,r.l rdorJrq'til

.olnUoy*fif;o.nnrn'lianr::crl4u'lfl#rirnr::cruuqrnr.l'rrlrrflfi?,urnlurt'tm.i*rfi. riro'rgu

rlluurtuiadru:vfrvrfnrr,ionr:: c ruuosunngir.rfiJnrrn'nrgruvflo,iftTfr rfleuiovre rad'nJnlia

lnr! J61fl u{'?hl ndrtirfril : cAuf nlnrinnli : c nruo vfi rir r viT rt i - 0. z

' !) tl..
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n ltrifiln 1: r: r xulnur'dnrruaurrdtra .rrdl t ru ( Encrgy Balanca

S.n$t'k
hrr to .ir tir.r r.i}l.r|{,n vrlhr nc* rr.
,1, A^ - ,it. = t;.aE .

:L} x : l.t 191 t R 'IU fl1l4), t

I

ha'lrru1 tun'], r ru'.ldxn 1: ir 11!n0

rua.! rr0Yfl]l'r'll n {{1uf,1}11u

n'l:lnn 1l I u rxu

3 .? .L.2

Clrrlol
!urrxr

T
i

I

<,.i -rfrofrrc r iuudrnrrR'11!oa Iuoittrncdrnlrrril'.r.!1ufid1rlin!dr JrJn6'iih1

n'rnr::c rvuljf 'bYr: rirrrrurnrr r ! r lrul lnnini-nn lr l y r t]firlidn.:'lurr]fi' r.r.r
01nr-nn1r:! ixs,ifuna*rono#leirir r or1{ r ilal,tn'rnr: ina'n rrn rlr y r u'rl1no'n:1

nr: infi rviurfr"luolnann { a'rurl ilrn: na.rrlrlv r t'uu rrJu r f,urj : ;'lrrllfi r. s. r,ou
otrlau: rr r otvrs.ruilrn: m ofi'lun rnriacarn rl rlr ari.u'u

G

I lcrr .o.tdud.d lo t!ou.x,

dunllnllxnoluat (conrinvit

. dn:rnr:'[uotoouruta+ia,'ja.lnlnllrr:]r!]tJ. (rlass rarc of evapo-

ration, m ) . c'o: rn 1t riiuuruja.rga ""f1i,6'J"t'l.tflu'vtlu (The rar'! of

changc of atorage Biihtn thc sys!em)

-A ' .'l
fl{ullmf,un1t a11rna tuoit r l1l vtrYi1

a' ,iA ( dh
AT

3 . 7.1.1r,l

t
wAEula

lurio -dh
ET

ul aa nl1n1t I y rlrtrE rD

g{mf:nfr.t\:fU (Energy Equarion )

at'u rraedga.:na"rrrunr rri {au'lu I yuuqynivrb 1 aiu r-w irrntfin runrr

,9,.3.5.1) eS tsrru tnluu(3ufi

uation)
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dn:rortrla#'lfin-u: cuuorn!$alionruuan {f,{) - da: rsc q{rufi'nr cyrellnu

<tf l r t rrirfiudntrn r: uJfi'HunJn sso .lrrtYts^,uorrlfoufi r fiurYn tuliu,:n#

nrrf,ir + nn'.r.rruorlifo#luonimJirrs,:r,iinru grdirnf#'i",lnoonlrt

o.n3# r.r., ocr#u'ir'1ilfi{T rnailu ffi $1

nurp'lrtqoa,r4iro.nIT "ldrufi'ruutosd'.nYunr: rlfi'uuuuJatnd.t.rrunrlrfeuu"iffurfnllorog*lu3:t

go.nrn'.wrrgrru'lu (internal energy) toofrli: r tuuaoo'tr: d.: rrirrfu t;"
t,Cr r.. fu nrrufouud#f1'lfflunr:cruu nnruri,u"la rirnrrrlouu*t1unr:uh'lo

zn srfrq c fi r ul : r dnrlourluqnm4inrlam r :
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6
1 2.50I x 10 - 2370r (.1/ke)

s

0 ttfiUtuo\:aTt 11

3.7"r"3

,l . ad c < r dtll0 T tlruqorqrl til C lA! lv lJtiUlU tlJU Joulee/Ktlograo

r dafu r:ruefi ar#iffi.nnjru uu6i.rso{fls'l.rrunrtrfanrffia nrrrur'fiflpG

(Net radlatlon f lux, n ,) rrJu watt/m2 01qcr$thn'{.l:nrnrrtfouoonlu

( senslble hear f lux, He ) u".rorntelrnvtT.trrnhd.t.r.nrnrlrfouaantju"{ftJ

(Gtound heat flux, G) fi{rfrrr:rqc'tCfir

dE
AE

iin-H G

dorrirnirn.:r,,:6'truuln.:ne'l.rrunrrlfouirfiurYn'ha.tirm:nuqnn{oov'tdtir

R-n

ururi1 m, lrn 3.? .1

ai,dlilltorrrYdmlryri E

,3"7"1"5

u2 n{'lus(mt: 3.? .1 .5 I 11

3"7"1.6

Hs- c = 1.,/n,

e Inu'lflrir

1#

A 1

I
TT- (Rn- Hs- c)E
vtr

crun r:flflnnln r: n?rrrdrQs glo {fia-.n andlu fu n r : : v t uu lYrrn i-r xdt.l ttn mr

rrfucru6fmdrfruHbonlu1rlun'arnret ( Hs ) rtncra-.t.:rrtnrrrrtarfi un"futy.lfiu (c)
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v ., wuu re .l,- e!_!
vhtdo{n2 a$Ju8-n: m1t 2 g lltu (Er) nnld1lJ1l0n,'l1l?0J lfi11lljuonlTlti tx'lriJl \tflqvl0

#.ruunnnlf,tg'lunit l c rxuso.rf'r r iu,:a ir.: r it :

Rn
LEwEr 3.7 -! .7

l.ae
9i?0u1.tyl 3.7.1.'t n.lfl1lJ'::ll tAU i 0^ 

,) llJllJnAU?Jo.:hfl t.:11r v'lArr,llnlllIlrlUAlna')

rlrria tYrf.riorfin{a{r;rvi1fiu zoo wtn2 Lloy?corx'.'rsalrlo'ri6a zi c drl;
...< u u .nu V.

11 tllunn{ttufl?1Lrt0ut$r t?!a 1F 1?i un : hu tu
.{. . rt
idvtl alnsrn,lr (i.5.3) r r1rrfiu*ri.r^iun 1i , y ivuvr"-ii';'nilL tiu'tai zi c aio

2500-2.35x25

244I KJ / Ks,

a1n Appendix A Table AI

uulrrii'lu 1. 5, 6

Er 200

244I x .10

= 8.2 2 x 10

= 8.22 x I0

= 7.I0

x 99 7

x 1000 x 85400

run/day

a! I fi 11R 'l 'l Ur4LJ 1 ltlJt ?10 .lu 1

m/ s

o 997

mm/day

2kg/m

3

-8

-8

).7 .2 n1rx1ri1n rr r s ruulnri6 Aerodymanic Mc thod

j
,-

- 

Atr nos '.----1' ?i

.i

1

.a . u t
luv';.s'a n'l': I t Illu11nfl 1u 1 L tY'l

Srrc,l'(
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uanalndit{arn?1dauyl4lfflunlrrcrruufr? ilqo-ua-ufioo.rn{n?uprdorrnrr:vruu

crnet'2frrf,nrffion?1rd1r1rfl"lrn'r:rtnnrlorfmontlqrnfirrll dn:rnr:rinrrqagnnrugrru-.rinrInu

nrarrf,rrnourao rn0or'nfrunyn..r, i.uoou#rYnriruirurhtiosfllil

i . < - i.r{ i ituu?rlm?fifl qrtE{n{'tu?rlx 3 . 5. 2 t :,la ufl 11 tond.D yulu'lur$.rt u n$til,iml{

ml.tminr.u6.r a rrniaa' nfr Jn: rn r:'tilaso.rlrnsa ofr r do.io.nnrr. r, roria#{rnirrfi#

(;v) fiundnrf,u{,rto.frrulnun1iil1 (convecrton) rhu#r:vuTuf, ai$dn{1frnudm1,

E - P"K, \
d

rz

.l
trE

Pa r R?1urtu1$tiuit0.lo1n1rl

Kn = Vapor eddy dlffuelvlty
InrtlEUo'ftnfv (Speclflc hunidlty)

'1'

s r n?rrtf,.ltnflofirf1

, ri
t{amr: ril6uuru.la{Iu! uln-rso.rrrnlorlrdsr,rfi .rmr?ufluvr r

f;qrrirrdrm:n r dtru ufu s{unr:"if i1

pa i(m
du
&t

dlnarlru#urcu.tr.l

3 "7 "2.t

3 "7 "2.2

(#.rcrnrmi 3.5.2.1rns flfi,r5*u.o.nngtra.rnrtn,rf, nto$irfir,).5.2.2

Lrn of vlaloetty)
il

tr0

du6'irnrrlr f rnu
i-ttoc t2 x?UmJ ,2t2

ItSV
c. A - y

t llftlflSl ni tlt l1f,1ll1lnu Un1

Itn = tlomentum dlffuslvity
,l-ut un;nrrNfrro'rrrrc c,r thldfizvfu zL

: c fi Jyr"sno.rf,fi rir r frr'lndrihr m quiailrtlnr rn r rinn.l

Newton's I

uav

m
dqY
ar \z - q"r

aZ-6L ta3

,* - .li+\ ol'lunmr:fi i.5.2.1 uac 3.5.?.2

dfl m.lda{dm1:df.rnrirr uh

lfinrrnirfu rYqfi r :'las'ldo'nr r
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D

m-!

xw(\z - \r)-CTu2-T

xw (9vl - 9v2 )6(n \)
3 .7 "2.3

2

fl?rrl1:"?nrlufut sn (boundary r.yer) "ln{rYun'rlon (f,.rfit:t e 50 tmt)

l;fimlfdooglUSrl logar l elro (logarlthmtc proftte lav) d.ls{lm'!:

"9.- i*,i o

rlE lrt nrTrt fr'lunr: r6gu (shear veroclty)

) 3 .7 "2.4

I I

o2- tI Ur
Er

k

7
o

*

*

t = p.a I

tn (32) - in (zt)
TToo

pa

von Karman constant

0.4

ai 1uf, { I uiaer' rrnl1 ierqfi inrrl r 5rnl r iltfu gnrd

(Roughoeee trelght of the eurface)
OY
niruu

*
l

Z^
u* ln (i
i"L

)

u,nc u k (u2- ul)
-'rfn'lzTzi

k(:s1 "1)-LnT[fzL)

tln u :
p

2l

rsnffil r frfluolrrrn.rd 3.5.e.3 rvllf.jr
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Kt k2 Pa <q"f ' \zl (u2 - ul)-
m

2r.o[ ln( z lzL) 1
2

dmTf,fiot{m1:flo.! rhornrh wal te-Hotzman d ryiunr:rinndarfrd.ronriftaurilu

n#.ru:n'lufl n.rt. 1939 luvrroJffir:raval1fi"bTo'n:rsinrm.: ff = r
rhornthyaire mc Holzman 'lifirhnr:Afr.nronoudhuiu r"nrir s, ttflc

g*ir.r r rY,uuns"lilridnn.rrrunrrito-n:mr::cruulnuifn#un{rdnunTuyir'l6rhnr:irano.:"lu
. <r -lruruou1{ r nH 2flrJlt

trrufu'lunr:'l#.trrra;.! i ${rr :rrtrqc'tild1il1:ndl'i.rilonou{qri1

tagl|nlniM

u Ylfll1

rlacst
ra

" fi:cfiJei'll q lfr lotfian

rfiBrr?iTfu rt16flidiln1:
J
fr:vfiraru(.t zr = za

c" = 0-622; ,iu
| -a -AtYl.lnt&lilfi0\r'l CRU ) n.rUUnl

ldf iintq.r zz orrrfir

nrlrfirlorfrfi firfi rq v r virriii

1C({raal1ftf, dm1: (3.?.2.

Itr

rfin:rqornrdln#rlilqcinr1:in qv uoc ,, o$fi'trdu

13.5.2.il }Tiruflrulnunr:arrlfirnrrurfrnl u, = o

.d { ,i.'-
ltn ca 1n 16fi o?lrflua{fi .oa6ufr't n1ndrn1ifi e. ? . z. \)

" fianrrlrhlarlac p draomrnnfirsa.:u::E'lnif, (fifi1

: inrirso{nrrrfirlorlrdrtr:n1fflun1r lrfluri1}41nT .lfirqi rmc

'lorfrovrrirrY.r .. rrfudrnlxfirlarfrsa{u:rslnldussdl
t-.", fl .r rrfu rirnrtrfirlorh6ld'rfi'qrraanilo,rdrlum1fl n1H

5) atrr:orfisuilu'luilnfu

o.62zu2wle -e *aa gru

lp I tn( z lz2 o

tu0{a1n Itr

-c11 rn =o E tnUUv -u a

r:ro"Rr(mrr O.?.2.6)

" -. j . {J-u
rvirrfuo"nrrnr:'tunso.!r'la!a.rfleiomi{,tdruiiun- d.rnir r :rlc1#

E" rilrri.ro-n:rnr::vriluso.srfritmjruri,u trlrl doiu

'lurir:rar1fidr

E B(e e
a8

20"622 k Prt2

p

)

J
trE B

a

P w
lrn(z2 lz0 ) lz
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dunrrfi :.l.a.z tfudlnr:
.,! .

:c ruudu r anualudmr:lauirirdui: c8vr

r'Ju#u3t1un r : fr u rdrm tttlo'n : tn t:
B d"ra:-unr: r ndoufiru'iailrfiuuo:tmn''

oalton 'lufl nfl. 1Eo2

or.ufi.dufir5 rro rrjo{rrrud n?i'}inrlain1fl
!

lnuvrinr:infiaaTrd{ 2 r}rei: rilfloirrlr

fi"rd

{

#rlu{o'nfi#r dmr:ruruflgn r dlolfiilou
n'rodr.: 3. ? . z. 1 oln'nrrnmro'n: rnt: : ; ruucrnfi rtlr rfl alnui6

Aerodynanlc

101.3 K Pa

6tr sl?1n1

Inuornretiqonani ei c
<c

tr8vuR?1lJt t18lt

roughness helght

Rh

ea

o.o3 Cm

5I1 exp ( L1 "27x25
TITSa5

3

z

mle

c

ifi4"1 qrun4iornrrtrrirn"u ?5c

ea3 5rI exp <ffi$t

)

3164 " I
e-

E-
aa

L267.5

o "622

Pa

Pa

qY

3168. ii x 0.4

t267 "5

e
a

?c.522

3I01.3xI0

0.C07i ke so{fr /kg ?ra{o1n1fltu

Ra

P,

= 282(1 + 0"608 q.,, )

= 287(I + 0.5,-18 x C"CC7C)

= 28t "4 J./ X:; " K

P
= Ta-T
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3

a,ln B

101"3 x 1-'
4(273 + 25)

1"IB

).522 kZP:,u2

3kg/m

PPw[ ln( z I )z
o

2l2

a'mn1:1.1 Af 'lu Appendtx. A T
a

25Cprg 997 ks/a

m/Fa, S

0 .62?x0 .42:rl .lsx3
B

Ea

Ea

im2
4.5x10 -r1

= D(eas- ea)

= 4.5xtc-1r(3tsa.B - L267.5)

- 8,55xI0-8 m/s

- o.55xtc-3 * ,'oitr,*') . ,oui39"

* 7.39 nun/ day

)

3.?.3 nltxldgll tnl: I U lyUTnUiE comUrned Ae::;dynainic and EnerSy Balance

Method

rilnr::cr14riorlarn'ru1zu1CfiouiE Aerodyneotq r*om-.r.rrudiirllfiu"irign

a'rfln unsnnrrru'ldforniE urr"rgy Dalance Method r danr:ripnngo.t'iarfraon'trllrign

lirfn urilntnJnfiudalqd'u#{ao.nfunac0naifin 6'oYur:r6.rlia.rnr:i#u'rroru{nn1r#,id0,!r1

:ruYu "luiEomldqndaoordwt 'lui6nrrlgrqo6go':ndlttr yrn-ltrun,ufa#frruioon

'lrJ'luarnrn n, rfll,rrdr'lltu rn ud rfi'o {q rn irnrrillo#riru r nl nun lr }od,uoin1il r ffiia

flTrfruoclflfrlcrirt ril"luilTto.:tiu:rllrlnuidnr:x1rvffoutllr Ci{rYur:mcdiu-r:nnlqfi'ldfdr

vapor heat flux 1, 15 ttot Senelble hear flux Hs octdudadru d{tYuttAgthl

dq:rr lunirn:rdruf,.ir sor"r, ratio E
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7

at

a.}nd n1, 3"7"1.5 re

-pa Cp Kh
dTfr

.J.<l
Cp flon1n11lltoLn'l I vllUl{O?1 nufl{yl

Kh flAnl heat liffu8{v1ty

3.7.3.1

o.5zz I auidfil

H
E

TG-

P. I m (1 + 9)n

Dowen ra r ro a c n'TJ ?$'1fi1 fl uftlt I ?rdrnltfiafl 1Bo.:"[Ef'ltnc n?fl fou [ fil

firurfu fl'l rifui8nr: rdurrYunTunrliauld ollEa', Thornrra i re-Hc lzman dtnlln'tltYA

illso.rlolfiuss nr11rfou ufu dsfl

*., - -pa xw $lI "3"7.3.3

Hg

lro

launt:r"n qv irBU r fi*o{:cdu zL rnv zz lasd4fidm'q:Tnlr
j" , -t -YR{vr'lursua1.0s{o{rcfiJi dqiudrnlr (3.2.3.4) u1:n?u (3.?.7.3) au"[dl'

-aml'luu

rvirrYu

Hs
m

c)\(r2- rt)
Kr(9r2- 9"1)

K "l

i{1idrfl1l 13.7,3.) ita t, uncw'Jrit qv

Eosen ratio S ilirtfiJ

cp\p(12- 11)

P

B

2w

B
,T2- Tr.

y (-:,' e2- ut

}I0t fE

uto

"t poychrometr 1c conatant

3.7"3.6
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1 P\e
0"622 IR 3.7 .3 "7

3.7.3"8

3.7"3"9

nllmlmJ 1

dn:reiru rc,/r, fla it hesr [!nv vapor dlffuslvlry rTrac'l{flffi

rnrudr O.?.3.6) usc (3.2.1.e) a€1u (3.7.3.21 ov'tffir

E
iin

I p ar-;;iry5't2-el

RnTT niturl

w

a1n 3"7.L.7 " Er

Er
E r*rirz-TIl'"2-tl

lrnRrrmrnrduo o = +i rdorrrfiql:ilr1u:yrYrr z :c#J'lnd "r

trExqoM{lr?r0,{01n1n ra t:rlY"lCfir

)A (
e^- ela
T2- Tl

ru4un1 o.?.3.?) o.r'lu G.7.3.6) or"ldf

E

E
r

r+l(e2-ee)a-
"2- tr

E E+l re2- e
1a

a ,r t2- 
"l

a1n6{In1: Aerod}manlc (3.7 "2.7)

3" 7"3.1C
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E E(e e)

)

a as

E 6(e-e

a

2t u -'lifinrnvanrnnfigoqfrrilrrirrrllonn{{1lld'T}uunll I c ["{u tr' I
a

a s I

r fione'llnrlJb{urirhiioairYeuovqnrn.lita.rrhlil t rirn-u

E B(e tr)

Ts

2

E-Ea "z
e

s 3.7"3.11

3 "7 .3 "L2

"z
e

1

a+ I

rumrrir (l.Z.r.g) nrlu (3.?.3.8) oclrf

E
AEr+1Ea

lJil

f = psychrometric ccnstant

a = Ril nlnr fla{nr1ilfli-1ilftllalr'tdufi'#q*4fira*o.n.o ra

dlnr:drrJudunr:f,uSnra"rufuiFnr:e'rurotr,rrritnlrrvrliuloiui6 ctrmbinaricn

method fi{fln rlr.l1flln{.rtt:nlpru Penman ( 1948 )

id comblnarIon lrethod d 1r.t iu R-ri: rnnaln 
-T 
::I tuuarn{ropv'1.:qqfiu

iuurrr1uiEn*tfnmm; rdunnnfi'arilmilqnr iia r r1ilf,aXanru4nn"runvfidoalryfie:.rd:.riluq6

jalso.:dn, fuolli;uus'nro.,rn?1ildilqoguo.rnd.r.rtrrifianr:rirtmeor,d.:rTur$ltrlatjr.:

u#uern":,ud'r"$Ja{sa.:orrrifouiir6un-nrYurrnr"iuifr,fu{oBurnru'triinludrfo faal1fi

5Tirdrrludnoirl'n?,a{nifltrcqndl#alnr:i# riufutixrrn#liur,riau'rrnj: unv'lu

dnrrrn1flfuJ"tilrfi'u:f,a.ufi.rnml11lnr:rrfurYnartrfau rn q r;'u 'luncrodiu'lur! r druda
,, !

*lrlfipur.rn"nm.,ridornrrtnaelrnn{ (aerodynamic Method) rfu i fiu rtfo.rrtr;itrnrum.:

I
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tl!!
durrcRx; u fi:urururar s fildiqrnnrrvlonosfildontdruolihilrld fl{rflr.rrcdil.rfir

#oXonlfi'tih\nr:#.rfi nrnufraXonr.rqqfr ulirrr6u r

i6 combrnatton l,tethod ilurmuredulunr:U:v4nd'ltfdriltu#ri rfia,l

ifr flrap<n ttliramrfi I aunc r 6!n fiaXnifio.rnr: fi ilf.:Rc dnrJqu B ( Ne t r a.l i a t i :n )

qnm4ira.:arnrrt nrrr.,tr or.ur{'rL1u rnlfl'I1,rnaarnr, rilca"nf,olornri'.5u't.1:r:nnr:

"lfldlnr:urrirnr::cruulwj1u, fi'fb.rnr:f,auorlauniT srnfuri.n"r',r,llnlffi,'n{.o

rn "r dn:mt::vruud^ru'luqfivgnn'"*u.lurol"ld""rqaf,tia.rn-fi.r.:ru 1un:#5 prlcatley

thu Taylor (1972) *ti', r rro# 2 tto.ld n1: combtnarion equation

(3.7"3.10) oviri'nj:vl-ru 30 rijo{rrfudso{ryra u?n'.Y.nYuAmrr (r.z.r"ro) d1r1in

r imluuttdfr f,uaunlinll I v rnuloit pr ie€ r tey - Tsy ror

A
E d Er _1.7"3.13

A+ ?

u-nfr rnirrnrS'llftruthrnrrunn#o{so.iatn::f, lauirirttn 1 3

o rhrnt: rf,u.rrfimlaua1n6{n1lJvi
< ..w <l d r

nul tuu{4n60'nivMu.i
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91151\fi 3.7.3. 1 fl lljdtn 1 I fi'Yr4 l1J n'TU ?;Ufl 1n 1n 1: I 3 I 11U

(f) Ener3y bolance melhod

Er = 0.C353 Rn (run/day)

t 1r0

kn fsfiarfinfiqn8 (w/m2)

(2) 6er.Jdyna"nic mcthod

Ea D( e) (nm/day )a8 a

TA

iJ

rIr

fl016.r r-a 11

(rrn/day"Pa)

(Pa)

C.IC2 u2

GW
L2 fionz1!l irnr,, (m/e) irfintu6.r e2(crn) uRt

ifrJtl') Rouqhneee ireight Zi ( cra)

c.ol - 3 .c5

2A

ifulfl 16.1 10-15 il) 4c - 70

ttoE

e 61I exp ( L7 "27r'Tr7frlas

qrw4fio1nlf1

Rhe (Pa )aa

rda nrr Froar.ldudlilvr6 (,J < iih < I)

(3) Comblnetion method

AE'r +'rEa

)

)cT

ea

A+.Y
E (cnn,/ciay )

(
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ta

tne

r

4C9t eas

(23? .3+T\t
(!tl c)

(4) Priestley - Taylcr nethod

eE

66-3 (Pa/ c)

Er
^{

A
+

lUO d= 1.3

Ncte , - rirnfflffll6vr:'lflffiunrrunnpYusoru:lu1n1fi ";qffflnfi zi c
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eYrod:.t r.z.r.r lfflttB coratrnatlon methoc 'lunr:n"ru':nril',o"nl':Ir'.l iE tfiu

ornn'nfrrflnddf.rdorfin6qnirrirn-u aoo'n'/,2 qrunlfiarn'rn 25 c n?:rl$ufurh6

r+o u.to{rgud rnvnrtrtfral 3 m/s faynqmhr,infi:vfir a twr: rngnrt}innffJso.r

ul:um16 1o1 .3 I(Pa

e<o - . di.ilh qmnroEir.tfr ).z.1.1 'ldtriti'fl:?n1-.!sruuqrnnr:"ldffuf.rdqurErvirrYu eoo

nd ,ri.,t Er = 7.10 m/day un:arnd'ratitl 3.?.2.'t i6 nerodynamlc

ttrcclfir Ea - 7.39nm/day dtaftqoralfualDmlrln2l#lunru.ru,iro#

nnr,rni6 coobinatlon lfO.:nf :vr:furif A flnv r rif Psychl.soerric ccnaranr

1 u';'fdorndunll ().?.3.il Inuirir c_ = 1005.l/Ke"x drilfiJs:fllrl, itir/Kw
P,

= 1.oo lnc L__ = 2\t+, ro3 .r/Kq fi ej (lrnn'ratir.li ).?.1.1)v

\c
P P

r - -.,r-r-....-.-
C.622 1 Krl'

IC05xLOOxl C1.3 x I0
0.622x244LxLQ

67.1 pa/ "c

A

4098 x 3167
(237.3 + 25)

-, 188.7

AE + aEIa

3

.t:
A fioa?irnmrncaimlllin2lmnfirlarhildr 11flsllnl: (2, ? .2. B)

noz, ia fi r aTl0l:1\tYl 2.7.2.1zic
409B e

a

(237.3 + r\'

tlE

€g =e aa

l1n E
A +1

Pa/ c
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180"7r7.10t57.1 x7.39

-r88:-/t67.1-7.1E rm. /day

drqtjrli i.?.3.2 o.r'rili6so.r

n 1r r c r Ds{ mrflfi l#fu lcfl a 
,rfinrituB

Pr les tley-Tey lor merhod 'lunr:a"nmnryrro'nrr

zoo wlnz unrqonnnioolorntrl z; c
. 'ia''!flir?Bu1t?r ) -7 ,1 .11Evtl rE

A

ct

- 7.10 rrn/day

= I8E " 7 Pelc

- 1.3

A
= aT=-E

67.L Palc aTTi?AU1{vr 3.7 .1 .1

x 7.10

't

E r

1.3 _,lqg.z_
IBf,7?T':T

. 6.8 m/day

l.g nr:tfilfrrntf,g (Evapotranaplratlon)

nr1fif1!0{f,s (Evapotransplratlon) rrhdr:runmr:rc r"r4ga$fi l
frrusvnr:mufruo.rfis ila{ufirflun'rn'nrua *rnr::c u,rgornn'rarlrrinlluiudrn'nnr#r

nr:'lfif1so.rf,g#?, d.rdirlro-rrrfi'oTtnd{.rluunsnr:vftnrrlarfruonqrnf,d.rirlac-ud#dril

dnarqlnr:lfifrgs.rf,g fqd'ufi'?dllfiuo..rfir.o#fi.rrJf,nr::, rru ritoarrlfirlufrnlsu

n{ dnrmlr"ifilflrntf,dlvnnau'rn'ir: c#or:ov rrfulfrfu inmuf,uno rf, urnsan r rnr

n1:a"1u2nm1dnrrnr:'lf,lfrgo.rfigowrilnu"lflidnr:fioBuruluu{r d"'rrrfiJ

n1t?ct$uarnfiT,f'lr:la uiirrrrufuul.rruTtrrdo'lflrflrriiranrns-o.rfisf;gnunvfrr dnn

nr:'tffT m.rf,ud r lun drnr:1ilrIrso.tflfdr.r6r "(R"f"."rr". crop evapotranspr- -

ration) " dr finf,rlucnrarnrr#n"nruaoc r&d{f,fu ,, uhdn: rnrrlfifrornfirnJn{r.:

o.',.ft ffi X#rdl'r r dmlaufrirotrx6r B-1 5 iu. ufim glu: vu vnin'l r oiqr firln

n"rdrnqlfrroirlr 6ld unsldsrrifr,,
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lffinr: rititru rfi tnrrirso{nrrlgirruuofi#lfr.mnr:olrr*,nrdltfornnt: igt

luAnnrfigir.t q lnu american Soctety of clvil Englneere (1973) mv lnu

Doorenboe and Prultt (1977) dtlfi'flroAp'iri6 combrnatlon method rifuio"

m nr'efi qn l nu r onr: a rir.rd.: rYr{ril : c An f n r: r{rma'lorI'r r 1 fir-rndar r n'trurlu cnrrllu

rlo$u droirrr d'rl Doorenboe uns Prultt 'lfitrucui'bflf,

= o"oo27 ( 1+ ltu ) ".. .""."(3.s"r)

s fimjrurflu (rua/day.Pa)

, i,,a orutirnr"ludrlrrnr 2a drJ.(Kn/dayl i#n'ltr

,I{ 2 Ill9:

B

luriro

rimrrl r :'rnl'ludro r rot ar* ol. riturir: s uv1i1.!dud#of aoor, od#
lurrnr z4 drr. nru"lrfdnrfln#nsog' f,.rrnqdrniruso.r , luddtlldrifu oetere/

!r
eecona d{vr"'lfflus{}n1: Bo.r s lunr:'I.! 3.?.).1 rui'irnndnfr"1#rorituo.t u"

rifu in6 r ilf, reiofirluf.raornrd

tirnrrlfrlrso {fis$rfirnnnrul#nnrn r iurfidufi ddr.16.n c nrrtrll*[nsn'i:

guritr:'l#,Irnodgdr.r6.: r., 1au drai:sAxfft K"(crop coeff rclenE)

d.riri.,ud*,ututlrJnrudrt: cus r rnrnr: r oiqr frrInno.rf,g drurirnr:"lfiIrso.rfi #,cil

ri.t e. o;u'tldfTnunr:gru rirnrrldlfrfla.rflslnudrnlrcAil{golfu K6(sol1

coefflclent) (0<K <I)
- a=

E KKE trcat

rirrn{f,ra.t:cfria#f,c x"
J

Kc : 1.3 nlum.r'luguvr r.e.r

usvf,ttY.rimrra r 6no{lvfidru: eu'xu

<.i<
n{n1fl{qn {{01a{slnlr1nn?1 1

osft ru:ludr{fin{r.rlrnfisr.i: crr-ru

R1 K 'lu: e Hc r idfu o nalufrnrilimrnfr

o.z :
c

,ia -.-{ , i{0.35 rrJox$ralryrnu lnnr m K" e;t1rustl

druftflt'fi t olq.ron.rru6unvffluqlfiulfilrn rfi
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)-xfrrrlxn i.rorufrfirudn:ryr'6rniru{r riafluuri,{awirrrErrnu': errufi'o.rnrrorruf,u

- . {' 'l '
?J0 {rrua: nfi6 {tul1.!?J0.!n t 1}'{ dlJll I : flt4 illgl4 ,ruua! ir t t,tr,n 71.!nL lin'lrrn 1i t h 1illfiflz 0.: ttn

c1
a8nln1fi t g'tt t lnlnll trlluRnrraj r RLi t nr l v{01r1.,:a'J1,1 t tu tlhd urahlxlnnaoInu

r.l,radnoanr rnr aralr'lriinr:'lflririluarin-uz':unr:,.ic-rir,ri'.rii'uonrlu: 3

'lrlrrt t

\Y.,-
\../ \r ' \

Tnfvflff- llTrTnr,fm n,1-;n.-r -t':-"-,.*1
llr

Slricr. l (r,t *,n"rh

a-nur,,tnr: r lirl.r iuln

tuurLl!n! - Hdflo!flu1.loun i1 10 1.
i

!v
01{vterj1fl 1f,llr - n'lnt : L: | ) rifrLiun, Jv iefilrnu I ruu

(70 - Eo %)

t;'lndl jnn - l1n fl6lJffi.l I slL.r'iUnlYv.lli,n

0l.lll !t1!jtln - ,rn L n:r't i.'rn: ll..: I nlj in!li

I tJl4

IvuYvl

'|

2

3

!.t

3.8.1 fil'llJdlJ?Iu6't!1411{ d.U.i. hA K u tgl.rt:iiynlttitl:iLnulfl?a\:}1d
c



uvlvt t

u 1141U t AU "l tl.jtiMt1d',rb''t:

rfrvrrl:orfr'lu r$nirni o.t: (Runoif or streamflor) tfluUir1:of.l"[u
' xi. * . .j l

aAn t lnyll\taAnIA.lmJyolJU't (Watershed) (l!14 -.1) ?1,:riSel{t.:inBorifl1.:q' n

., - - x .,i , - - .j .,:

lnlnl u0.tolJl]'l tulltMfllJu 1 fl1rlu:vnnx1\,aun :'/11,111"J'l r n:.J ) zd.: l\.lJ 'th'l (Precipira-

Lion, P) n1r'ifif1to{fis (EvapoLrar,spiratio:r. ET) ttltf'l}i1 (Runoff, R)

. , f < .io 
^ ' e

n1 I I 1vr: lunluUt tl,!fl 1u 2 Lu 3 n1 I I 11 1; i11115Cvrl ltn.trr'l l1: t a1u?0 {11'l tLn!U 1

rYu q 1rf

Ae-
Wo ler she d

boundory

ET (o)

__.-_r Sur foce

R

.P
llt 1??

llowjtJ -l:l sub.r.

Groundw
8os

I oce flow

o,er ore flow

(b) section A-A

A<

P

\

.\

ll
\
\
\

\
Jt
)rt\

ET

lLlvl t onuovyll\:ayn unnl ?10.)qw 1
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nlrrfiarn$fTdlavutri'lfir#.lruinr:rfirnfrftnnn.rtufi.rfi'u'lrrfl frmfima.:fi
t 

-o o { . E i
eslilx'flilfu6r6'2#rtnhrflunlou ufrro'{rn'nnr:<c*urh'lurio,.riorroirulrnn .} nlit 1 !u.

drnf. (pona uio depreeeion) cpufrrlffuuilrurfr#*u.,*.orgnfrrltrda
- {<"

taufirunvnTranHn8safllMnuf1 ormfuufiri.lec rillrfinnr:tuom.nfrfi rf,u ( surf ace

rlor) unnf'r"iun"lfr6riu (subsurface flow) 1n#rf'nn.rr{arovlunrft,ludfr'Ifi

iil lasfrfrlfieun'evlnnlrt{uriffreiorrrduriurfiffririumv,ir'lun1ffir*u tgptv,J,,.rl

f.rfiur rroc rfiiirrfrril,risrfr'luurirho"ror:cc rfinlmnr:'iunut:lrdum.nfrirfiu rfrlun

'lffirf,u uncrfr"lff,u

t. 1 nr:r-mfrriuiofr'luurirfrohmr

tuvrrof^unB r rrrihac'h'lfr4"1nr:emirfi nf?inliorfr"luurirhnhor:"[ t]nEr

a: r fi ruf ir{fapfirf,o v uluiognfi drffi alunr: f num r.rf,tuqnvn ivrur uriu'ir r : ra c

n'rnrrcartrrfinrcffnfruuu In#i:rocvl:TrJilrrrririro,nllf.:rtilroih (natrng

curre) Iffq]iltufi{mrif,ulnulfriloXnornnr:indn:rnr:"lunoo{rirvir unc:cfirfrlu

urhfrnior: nrrrinurfiopflocil'1flru1ud:.!rrntnlurflou r.riorfi"rfl rd#aclfilfinrrl

fluffir#rniuou:cur'r.rdn:rnrzlirnunc:rfiff#dnrfiiiinr:io aorfudtshinr:ia:sfufr

ar:a;oglurir#ritunrrmrtoruriihn'ror: idodnrnlunrrirmro'nrrnl:luausE:rl

irr&nctw so.:m r.:rfrlri r udtru u.ln ltj.iru'l

If,o.tilmfrrfi ofirlnrnr:nsndrs'n: rnrrlr,r#inlf,uoc r c firfrlutnen'1

nrrinurdn:rnrrlunnslun:ttrYrunnl'luptri u. r . r lfi.ruilrufdlfioegn1ffIunr:

roJash:rfiffr'lf,uJudsr:rnrrlnn r:roc#ovinr:n:raasulfi$irrrfrdlfiuiun{.ln:rr

lilrfilfiunan1trf,uffird:sil'irrdn:mr:lnnuav:rfinf#lfrtT.rr.rlriutd'truro.ln.r rn:"rs'j't

nr:rfnniarso.#&To.nfr nionrr nnncnaflun'lfrr cvi1rTlfi.,lj:'lrlrurfrunnir.laonlilc?n
t.

riu uh1#ryfi.nfrfiin"tlhc'l#ridn:rnr:1nsfiusnciroon'til snraJnfirrrccxrllfdliilTu

rfrdrrli,Mr{'trrlffi rdron'r:'lilasarnhlun'nfrlriirnr:rilfi'r,urulol:sfi.ifruncnrrrtrfrso.e
!

rfnfu r 
T nr'luuusfiu'rnt: inrm"n:mr:"luo
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tr) 15 l0
Dischlrgc ( l(l{X) cls)

Dischar8e Cagc
(cts) hcighl (f I)

---l
{l

Ca gc

hcighr (tr)

l0

I,5
2.0
2. -5

:1 0
l.s
.1.0

d.-5

.5.0

6.G

7.0
8.1)

9.{l

ztt
l_!l
.107

-< .l tl
808

I,l]()
t.498
r,912
2,85 6
_l.95 r

5,2t2
(r.5 6 I

li).()
ll i)

I 1.0
,.i 

)

I4 .0

l5 0
l6 0

I 7.0
18.0
1 9.0
20.0

Disch;tr gc

{clsl

t{.0{ x )

,.5S8
I l..lrx)
I 1. 100

i 5.0(x)
t7.010
I9.li0
2 I ...1,10

2 ] 910
2 (r.2 I0
28.6i0

rux ld,rliurr,airuo vn rr 1{{oror !fiulil ( Gage he tsht )&.1.1

$iYdEt1rril''!rlfi ( Dischargc )

- -l
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ev r fiu'llfi1'lun1:rat ilrnairvirrYu rirri'r : ro:"lfftrnr: anu-ufinov rflur vrir

rir (staaa.s) Inuvr"rlu:tifurirl:iluriru rilu r ln: un:nr: rdu::duv'riruvronlrcrn: c

riuta oirvrc raurtrnnri (Hcen sea leveI) Aiuilluui r r#ouUr.:'lnn rdu uirrru

rp r tuiarJrfiu arlqv'l{: criruiri'ruuaolr lrnuumdn5ru (Bench Mark) n'irirrvdu

io, rlaul$il,itdt aia.rfi a fi : crirfr rui.raan r rJuJ : : rny"luoi r 1fi' e ! : t, i r,y to ru.lu

.ii
a'nlurisiu:o ru.ruirlnr:rilindrun'r t a \tnoafl t ror irnt rnru'hjd'nliuti

.|.1 e4.1.1 t RlO\:1lA 1nl YmJU 1tLlU IUAer lUIn

r ..1 - -.,i . j.
1) tt u?olvmxJ''t (staff 8a8e) tuu I Ft 0.i!a rfl I vmJu'tx.:1uxda

a < . v c ,lw r t a
rrdc!: .to10nuf,n v 1fi?u t rnnxlf,nudulju toolulu aflllt1tur tlta lunr0drnaS r 1c

oiuiuin#llua'rri#'idfla.rnr:founvrJrioujao uovitiroor.ur.,rl.rvffirilrr.ti'suruJa.nIau l:
r-.Uo i r. , 4 . .i. !, t e h . j
non{ turru?q{ 0u1Ju r lntan 1ur.i!0.l01Rl lx n t1lJrfufl,tui.: r$.1u6 v cIa.!au'tuu: r rrwi

e.i
fl'l InflxlO 1n1t01U tR.l1U

r u - -i.LrM 1dj4ufl e y luuuunnri n [hJ'rR: ! fiulr]yll a ?1 u't 1!1n u

in: vfi.dir tihrfit "l nlruuli{ (sccr.ionEt staff gagc) iYrudn.r'lu
.rr U

}lrofinni[tru1n: vtn ul tunl]rR?1un1fl rvrro { rYirfl'llrl ilrannluuurr6urr:ruiLruryw
.t en . .a

ruurumJ tuur?R{t r ?w:0uun?

nt3

luv)

.v
flRn{tHu

1.1.1.1

Ltvt 1 tr9JU 1fi I t mlU 1 t'Jll fll r n.luttulnt
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z) t niotinruru"ldr fuaenunv{lrinnin (t.lrre-welsht gauge) rlrsnzu

#rs r fu s rafi fi la{: ouafu fi r8 rBfl o.t r ff rn r a#arufi .n v fi {lfftnu"nfi na { t iro e unin r r iqt v fi -nh

fitn'ou{rafrnlnn{rr-{mdvillluiosrolrrJafr.rilrt#ainfr ot urorrooniuJir{u d:il'ltn

uJ6'H.rftunr',lu''lreattdhrnrrd$itioua.:r.rr"[rl:cfirsa.lirrlrleirirrilTrfiL:csYuflo'tduvrrlrn{o

otRr:nufirun'l';ilrn??,4.: r f,unrfiiileiouernrY:o rn'r:nioour,.rufi sn'rrlr

.i - !< e6 o .l .r J-
4-1 .2 r filoitlrll v9[ru1NJiJafl t'Jlle tuut nro.:muuufin:vfinirnoant rB1Frtuufll9fi u

3t.r
n:Tr4ror?uullunn rmrrvnruiira'rfrfifidr.rnmu*.rfizcrYxfrrilfiulrua.:rln nr:rIrfin;j q

io,dolnnoorrur dru"h{nr:uro-n:rnr:lnutodt,J:roifilunutirror,'r:'lun#o+rrr'ld{od:*qn

#aquiuouurnflru nilfivr:ruri'r:;r,tLnird$nunvritrnj:caiiu mvlu?ir#rfimffrrit,rt;o,

n: T u#.r r rn',ir'! r fi sum c r vfiJfrrf ru

1) rqru'lfir:rffir (pregsure bulb) arfrurldnnr#iru:.rfrrga.nf1ac

tud-ruro.ln.rIosn:qfu:vfiair vrinr:in:sfinfrlounrr6o#.rrniortrrutlfir"tfruirmrfifinfiqn
. 4 i -".!' J qu .i a .!!!0itnlr1 tt, i]f,iJac0nn1rM0n-tljnTl]4a e!n.: I fi:0il1ru?rfivr0nruel.t fl1:non{ t Rta.:roul8 lrMll

uilil.iru rdurirld<irunn unvlrh'rufufib.rnfrtr.iain:cfi.nfr

z) ruru"lfilo.rarnrn (Bubble g.gu) alfrtnan-nn'rrfi"i. ruoo.'*dgn

rlsiouoonnr,nlnrumoia$nnrHnlfifi rrfr qvnaufiJdfi afrld Cb,rarrTsu:{fircrurund* r ormv

-4'. 4. . :.,. . i u< r, r.< ,n

ulitm$lnfla mRX'llJ$.tg0.rU1lml0 01tM0n{n81? ?6?fltH {mlllny 1Rl0{uuunl vgllrll'lUla tflfl

nfrrufirrnio.:ln:vffirffrreru1f,u:.rffir 6.rudnt1u:# u.,.r., d.rrion.rn'.rd:urt:inouvd.t
.i .Y

I R:aillEflru

-.i",,3) ttut vlua8g ( F loilt-operared recorder) nit I nf,au1go\fa uaou

luuurrirfir riiorlrnnr:iunsso.ir ciurfrqcnmilfinoinrun: iri,tuni lrt6.rurplrt:ou "r uflufrrs

arrlrirdlltdrelnulfininr roi'aria:rrji.,'I.r.t:;rrmf,iratjdrufunoruoin dl#rrofiiruifir

iHin :r.tfi \. 1 . z. z udo.tol rvli.:lusa.r r nio s inr v ff.nfr iuuviunoui -- i-'
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Recorder

Battery

Plastrc tube

I

Manometer
assemblv

Gas cy linder

IL

Pier

\.1.2.1

OriFice

,Ll?r r nia.: in : : fiurha"n1ut6 ruu'ldno'ra rn ro

-I:

r a{a.o0ufl

tl.r tJa'aurii

?rf,u
F

aerih

L.

Uu lrt 2 2

l

-t t?,'l

I R:4.!1nl Ymi!'ron turntluuv]uoau
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rirro.r:v#.nir6.r{mJ:vohfr uonornlveirulffqrnnr:rirfintro.:radadraimfrruni

dnlutfi u.ft d.:i r nis.rirofi'c{ro#r'1d* -fir {.r vfinirdtdoli nun:.r Snuarudin # u. r ...,
,,rno,oiaoirairzvfirirrurujruJ:snowiai*TJo?Y.trrtu'lr'.tarsviofi'nrrirrfig*.u,fin. g

drllfi,r'tfifrluarfl'l liaioi'ifiio:cduunvfl{lfifanot! il.:'trirlhnocaouf,u*rntnfr'lu*rfnf.fiu
.i. --unvov rnrvalirr\ir"arcfirfnadqlrnirfrn.r ofufiirhnr:sr:raieratrr:oaitrir:vfinfrfl.l{vr

rJrcc'1ftlfr':n:ouo:',uBo,rflt"lfifon uu"iffintvri.ruo-.,iarnf".*rintudcoraunvrr.rlfi:cfirn.t
.l 

^ 
.on

tlJ?10 tl,lltoll t ftll iAYfiO'ilglllc.t ttJnon8{ lU AnlU

r. 1.3 n'itirrJilrrufrstu

n l: inliuroffii'iovu'rldilnu'Ifl t ni'rriro ino.ru, irso.tn:vurfiIr ( current-

Meter) uiorniod,scindu, ,oi'r.rii-rioolrrr:'rsa.mrgudrltrv'lfliarfr"lurnqfrotzn

grfifi'fifin*rff.dsrn{:{uncldruilrcfiqclflrn+o{ilaimfrsindLminr:in rni'o.rinir,r,'r",,.rtir

mfitcrdrhqym"rn'r:innrtrfrrom:ctffifrluarfifrn:{uaciJnr:lun:nrrisudil*rtdrclu

run t f,u'lrfu t &,nnr.rse{?r1.nf1 nr:utdn:rnr:"1un61fl6n:

a AV

a - dn:rnr:luasaqh
{iA = morrnlrdnsa{dluso{ilrdfdilinr:r"n

a i * {d - - r eV = n21ilt:1t ilnutt0inl$A $ifllru1onfl?UUU

triroitiourart f rrn.:n:crdrfr (currenr Merer) rei{aantflu e *in

ffa

1) rtru{Yru (price t'teter yio cup rype) d.n t: enoudfru'lurierpfira
.!

e "lu urp:arunu"l-,rrunfit (gSrJri r.. r.r. r I rira"luri'rnarlurfil:a.lacmililr$:"triftrfin

orr..,or#u vri"lflrfiarfiu.:ei.r#ufirtrfiflrinr:r-ndtr'll lnrulfltursroo:juirarfinrifuffrnidt

firrifun::imYrlrnfrfin, ;.t *r.ront Ha.ril1lflud1s ralfia (cabte ) nrtt'lufrn'.1
< d- .t' 

"n2.lrnrmsro{n,TryffM1n11?nn?rurBrso.rnrsrtdtfr Inufi"lufiriovildfl}rrrriounirLrJn',
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Pipe cap

Eracket
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Standard prpe

Graduated staff
fits rnside pipe

Holes to admit
water

Pipe cap

n, ,r v
I fi: a nto 1n: V mitt r'rl.Ji!tr.\UL tltj

Culvert _-..
wall)

4

3

2

yt 1.1.2ni )

drv iu t rju.,r r,: r fioyi'hl*lurinv"ur.rrir r z'ry ri nr. r ln r : 1v, R.,o rn :: uil.i.r ur,ru'a'ruor.laridl

lirvfnaiyiurirr'luvin'lriun,l"irt'lu'ir'lur,:.,,,fi.irr,irv1r:r.ju'l,.riry truori.:anai.,r:-u'1fl

utiouaru r n rioa.:'[r]1urr1r fiarirs'i'.:n r':: o.r:-u.iiu';-n r;a.:fir,iriuu-n *ay inRrrru-r lso,161u

r n r u'afiuriauo.:'lU udtlrufunr:innryulri-lunrvriri:r. ldrrr.ld pvg,I, pri.ce
.: . J.Meter t.rl;iorrJ"{1flu1rvi,:ry6nin'hrr'nrdauinn,r'U'h,.,i.,,.rnl.iuv,,,riufinfr,rl'0.:n.r'h.t+:

i c , .. .itulaanrrluda.r "l un!ilia{i r s1r'l iirdn.rd:.inrrl6nla.r u.,i.r r.afinfir,rtloue r'Lu inurrn
lyuri.rlSriolov r - r

z) iu.ru'l

t$uttnt
uvin (propeller type) a li",lrin ryia,.rriu'lur.,'nfiru t io!u6

iunuuuu'lu uu:: ru ( 31li r.. 1 . i. 2 ) nI :yi.:rura.rrlln' i u auniu uuifi:s : rL,rl..: i6nt.,

:-']

*5

:l
:l
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utiouo.r'lulurhl(ru

'r nialiroinnrru r 5 r!a{n : c rfifruuurYru ( pr Lcc Mc tcr ) ifaifi rt'rftfr

nf,uamJrnr*iil*tru:hr : ol:'u rnura llui'oc v nndfi .ilrtr 6uasluda.t

(r '

r. ,-. t::;

''{. 
..

.+i,
fri;-

l

(!)

zluao
r oio.linn:rr r 5rso.on: cu iru$n'ru ( cup typc )

(n) ruu'ldtrud'.r (t) durdnlfrurnlrrrjurlru'lf

truti.rdu'luc!ulu,ururi'lf,aru,oru'nutiaun.r'lrnir

- ao u .
toullu.Irun n !.!

'lrx 
t .1 .3. 1

4

l, lL {
rI Itr

*l

,#

..k-.' .r.i I b

.\



uL @lt! e r u 1 nuL ! 1 na L nt/tc L ufij g E 1 unnl. uu 1 enL us L li!, t ut Br c sn I nnf, ulull

tl$uLuq

( uoI1)-t rd

lBcluBrlreH) UUNLLUUL UN On I nnrnr r Ugngrl

LlrlUUTILUNeut,tct 1 nLLUoltr tUSenl L I,ILCU . F ^> t I a

lonL/g$n Ln$t rlu!@Ilc ! trtLLU tr',

Nq+e
11. 

.. +

:, Ilbn0lnLLUttu

l&y1cgtnucuu^cStutttL.tttE pi14 :a11ado.rd nrmu$ng1ltn.oop' og"anp,ooruS
,."!'.r:*l L.Ilp]',r:suBUInPrt^luftt/tAluuufrIslrRr.IrrmlnuLuuGn nL$pInLltBpu]tL.r4 klnlllll4Eusu

$oBEuF!LUuLurenl elruBegltnpubluuusso gInAlrRc r n0 r finu^EE[LnnnuosurLrup

Itliu (ed,(] r3I Iadord) ulflLnnn $ oBnftu&npuun u^ureuultlqlntlesm$rlLultLtrtl

abry ncululecnuubroe turfilwtrl[tL.r gWItrlLSru.ggrlu.unlnuupeuLuLSe!]g ruJr

(3d,(1 :ollodord) ur{ntrnnx L;npfl l t u$ogcr r11UCgU^Cqr6gggIz'€' t'l!ur3

I

A

cut$p.rl3 BU! eBcr 1ILLUUT glr]er,u l ] 0nnl L il/uiulcr rltLtuL}rru$
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a'I1il I i1!0{rl:c utrlhlnulfidnnrrso.!tti r}.6n"t}tflr (Electro-rnagnetic sensi.gn)

i a lei l
t aio.liiSliilo I 

-unilrltlt 2r-n vMFM (velocity Modified Flow easurement)

rnia.rioiatrr:nuitJf,.rvricir.r "i 1fi'anrn d.ruan.r'luofi' t].1.).) dou:rnorfir,

nnb.:n: rlr"nil trlu:uruo'r na1vriatuJul{an r dtm ( sol id state etec Lronic systeo

iln:?r{unfiutdtxdn1lifl1 (elecrromatnetic sensor ) uavdru r n rinda t 0or

:cu'ir.rdruJ:rnaunu.la{o.r f+r:rriu (sensor) rcineY.:'l51ruzruti$ltn"urnio.rio

r-nn:crrdrfl ufrzutjotro.rl:.rhrirtfi'orninr:n:rlinn':rrrir,darrJr:ro'o''r.n{ua.:1u"rurir

fini{.rlran aurluil rnn*nnru'luv'n::oiu n r,,n'ri'.rir u li.'.r'.1iia l ilne'. ru t irr o tn I r ir;fft
.,,.',:

n'r'l#r finnr: trjo'uu NJn.,rirT rn{r n}a ( vo I t age ) i.runvinr': n': rl r"nlnufr'l*{r
<'- *' .i

( el ec trodes ) fitr raulqfin: rltu ( Se n sor ) tulnta {n't I trja<u!t[rd.rfi1l lail I nx

rc ufuf,n6i?ulnun:':riunrri r irta.rrir d.n: nnrirsvranr'ruarl r n u-r'a'tuti.r elecrronic
i . ) v e -uprocessor system t.!Qgm 1n'll}t1flilflllll t:1! OOU?,0 'tfl.:1,1U'ltlfi7l 'lUInAU1.lOn tUltn

ti , d . .
uanl,tni frn:ro{u (sensor) fiqruin r:nr ro,launi lriinsa{lflInu'idr vuur{o ':arnrrt

unc proces60r a.tavx'txu1fii I n: rvfifraXnnrti r i ?trnyilrrln'nvl'r 7u::rr'il( rf,aurdr

o-r:rnr:'lunaanm illnrinuwildtrr:nfi'lc'iilinn.rr,iruuoril,iuviarh'lurrqirruru

5u e 'lJffiru

,l' ,,*r,. a;., :'t.'....i it) ,(! ,'
Hrrijjii!

vrl..i .

tt ,l r

Ux

lr i{,
.; I i

tlt

I tr.1 .3.3 lJ1flt{n VMFM

0 i,'

^ 
l:'

l! !r'

,!

o
o

:iil:..-. ,..'
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tt.1 .3.1 n1r inxln'r1u l iluo.rn I v Lrf,li'ltrflvn1:o'ru rnnata"nr 1n1t b!fl
c u rrfu:rtrrarlu:r Inue ci' R21trr l1?a.,Dl iLrdL 1 tur4'l{u1ntrllJl4u1nnl

t ,- ,it - .,i r " i..- -.;- ^ io't1!r: ?tx1fluf. wrlM'l{u'r (ra y {rlrtleut nauf,{qrM tna I nuflTlln{rKn{ lutt vr

{'. .i -r"'t.1.3.'1.1 lnuildrtodurn=niufrrJ:vlrr o.o rarnrrlSnorne'rrir luvrr.ruffiudr

rYrnrtr6nm.nfnlauni'l 50 r{uirrn: r'irocuinr:l-RRrrurirso.rn:sunrhfilariurin
<tailnin rrirfu o.G r?i1 uo lnrrlinrrnn'rrir rhnrruintro rrirurnn'ir 6o rurirun:

drlosnir I rrrfrr 'lfiuini:i#:vuc o.2 u.o: o.e rvirto{nrtGnilnilrfl Tnu'tfiir

oruinrrnFrrfr
o.2

o.4

o.6

o.6

o21!rl?r,Arnr!rr6fi
.j'-

$rfi r,.I.r. r. r :r.mhcinorruri:ta.rn:suflfr

J .i .J
roiurourrrr irfiarrrffi l#sro.r riluireut ir rotssa.ffr ruiffnirdnn jr 3 t lat ufrt

'bhlnr:io 3 yi'# o.z, o.e ,*, o,'.,i'ri.ru.rortinlrni:rfr a'*o.ro,i:,odu 
"-,

e:rdrriu e gufuartrrfrilnrrGn 0.5 u2hduntrririnrrl6n o.2 fil o.s rfrrt1! ;

firu t
v uv 1 < -j .j.

tunll ?ll 1ai:1n'l: l$at lltJna{?rM{n'r1rt t 1(tncn1'lronta\$1h1tm1

nr: irnfou r rfirti launr: urisil r$froon rfluai:utiau "r aJrldr'r r oraufrriwinr: r-a

nrrudnmqhrnsnttu r i raaln r c ufiflfilnird#u 'r dn : rn r: tuasa.nirl :'llh rnnr: : :l

vo.2d

vo.6d

VO,Ed
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u<r !
t ottnt 1n11'tuor0.:u1ylfi1ud'tu i, i

n?1rr tltaitnr s usrir r odufitnliar rr]u

ct<v
in-lfes l unl r oau a.inllxn 11.1 'r]JU0u

txa trrulnu

2,3, .....n rdrfrruriuinuiciru i
,.i

ruir: fr ?1lJ0nu0.lu1ntY t u d. Inufl1n
I

Aw - -v
?10.!v1't.lU 1 n {UUe Vfl1U lilErl:.lnll

L

1

L

n
,

i=1
V.d.w.rll

(4.1.3.r.1)

ari n

Dcpth di t/, = me n of vclocities at

0.2rnrJ0&dcPth

l.
Itjvl 1r.1,-r.1.1 nllfrl1]iC,;ll1t1Anl'1n11 [11R

\.1.3.2 o1n1r l-mf1 (Flov measuring
I

struc rure ) 01n1tt: J tnyluaon

{- 4 .,'".-.: -.-.1",".
ttUUitl lnu01fiUnl t nffx?la.!gnfl161ni t UU t nl A {xa 'ltlU 111 i, r'!1V flrtnu0 1U1vl Lll tlll]ru1nun

lnu ronivnnorimJr urlu rta!a1n1: {nrfla v rxu1rflu,rdndiviunirirtrrrn r f,n oln.llrti
. . "r , " {.- ,

acniaq!ilf,flrxionl lridlu'lunr:uro"n: tn r:tuo aln'rru': i r nvnl'lr5un cruinfruuufrro!

i 1.:1nU'lttlruI1: llld tlrt?m]1UUU tlJ A 1U lnu lttuudun 11.1 l1UOYt0Un]1R tfl11n

ru{da I nu?nun 1l'ttru1flnul Yx11J

--..I&.1.3.3 ?EtoOa1{d'11 (Tracer rechnique) nltlqfllulDU 01aAUU"lI1

'lftfl'lun:#nr:inuuudu r rlutrirrur:nnrynilil'rdu'lunrfinifrtrurnrfinlnurarnvnjo{
a<r!b4e.Yr..'

luut t lottlJ t ?J1vt0 t'J1lflu'Li tulJmr 6r?1!Rnua{ulaltiunl]tn!LUauttd1u1t0lnflEtnlo.!

iofildinnrruri?uo{nr!udf'r1d iunr:inuuur6oi1.ld1r .Ji!'rnn1r't flanflajron<u
I ie.. d -idn00tl0?.!fi ?1ltul i?,0 \r 1U 1l4}ral lq'l t.vluu1! L!'J _lu Le r'al,tl..l t Hllal] ?6aU i1l14X1,Iltafl:1

n?1utdrtf,il[du Nac I 1/10 tc . c
NaCr20T aiinlNdufln LIJ lUUl nallnlruneYxlnll tnu

i= I



It
n'ratlr rrfrfi.lnvr r.rfi'ruvirnlr tfiouilrn:n: rqdaun?1u t dufiruo.tf,1r;'l6ia.!"lu nlruiiau

d1rn.llilasnrcvfillf a iG6o

1 ) n1rufroud1r0u1{aarua{ (Conttnuous inj ection) ?nr I ft 2E
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e c
c

rttlrlne

.i - -- . - ..1

usious{11;'lfln.t1u'luo'r,ffrotir.rno ruo n u01r nur'rou1'ru1}41.rvrluli 1t }rau1R11r r tlJsuto.!

d1: drru i-uh'1u rrun,ra-nr ln1!'htn 1nu::uwr r.rfrr'.nirirvin, : r 6ud'ro rir -r r l fro.tdr.:nrn.ao
aa.. i .a , t - tlr 1n1tu8aud1r 1nxovlevu1 l!4 t nflfl 1l Hf,lJ?la.:d1: r tlnuU lau"l.tf,lJlJ ll'! fliruutllls

d1u1 ! nx 1a'ni .tnrt tva'i#c rn

ln,actloo iota q

r 12777il7n1 o +q,-a-+ co c

t l/n')> )')))\

Ac +qe (Q + q)c
o

a ( qe
cc )q* (4.r.3.3.r)

arrur fitdu

q =. a*nll

o

rria c =o

fla.rdlr;Udoua.rti'lurh,

n1lunaud1t, a =

. j. 
'" -R',l1! l, trtr.lsa {fllt rntvruaH tuu'r, e =

c = ft 21rl t glltrulA .l f, 1:11v1 1n 11 ]n [f| ,

an?1n1: l n0O\rE'l

e .. .<l.a
?n i!4\! ? fltn nan 1l lml'r lnF 3 R ?n tlny {1ufia t hu.t trr?nxlR.li ?1u r t rtiuta {

arrriu.ro{.rriurnr.rflrufirufrfirfiti.rxarfrr uciflariu6fiafio.rvrinr:rtn'ouaiinnont:ih'l'
, r{

run 11a! t f,tli{un11?R

| ".V .eto -.ri " ,'.2) nllunaudlta.rllli'.rlrrn (Bulk injettion) i6Ir u'ii'h:'irr r:':nau

d1:fi'1da.r1u#.rulonf,:riur u{:vinr:rriufnatirwr.rfi'rurirurii ri.rnrrurdlfiritro.rcrr

vrr.ldrurirurtratiaoriulduu u{r r :ro:drtr:nuro'n:rnrrI.yn'ldrrn

:
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ve Q, cdt (4.r.3.3.2)
tr

J = u ilrn: tro,,t ar rd,Jduoo ',lLrtoruo

= nrrut tirduga llr:riUnaunrirl

= o"n:rnr:'luo
<ts

= R11I | ?lll?lLl?J0 {f,^.:u ?nx1\i141UU1aU 1\,I10 tUA ',

r!0 v

e

a

t = r rnr: yn'jr.rd:,rfiyin rr inn: rl r g'rfnrsa.rar:u r.r#rui'rnh

i6f,rrrrinpl"iilar:n'rrhrelnrilf{il rdu 8.82, rr"24, rl3l rlas H3

- {r-< .',
rieioua{'hl'lutfr i.ridoia{'irfra.:nr:ldarrvr'r.lriaun.:lurlauniri6urn rdirioriun'6olvfla.r

,i
x1n1t ?RU:U1tlJ61rX1itfl',tuyl1uU'10u1{na rua.:

j _-
rro u4 r nnnlrarf,xsa.!fi1ldutf1naanrr11lJn it.!?lo.:B'nir onfi r tiufr'rodr".rrirqr

fro.ro{lnorrnlmtdautr:lrtr,rrrriru#rurfrrroaunrr::uyurli.lneirrU:curru'irYlrnan:

0.13 .Cz(0.7.G.+ b)
2

lb
fit

L I
(4.1.3.3.3)

n

I

i'i,
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lurin
4 u -d i
ttodrnL: viludarrrslltvrait I fli (chezy roughneas coefficlent)

inartrn lrci :uu r ofi'usalnhfr rflu r mr
.r<ir
ftafl?1lnn t o8E tllu t llnl

fla ortu r rnrr uu rnhfi t ilu r ln:
r{3 , .i <r

iioor-n: rr is trio.ramttl {d.rf,flflollnn (Gravltattonal conetant)

. a i? rilffidfu 6: su 2'1{ I ! fi nf1 usv rJ illrn tlunra qlr

( sracs - DrscHARcE RELATToNS)

luCr$u{uci:cfinfrXmu6l: vfinfrn'r rYtrnvinrr in: vfinlrusvrJiltntrlm

aolfrna4frlrtufl iu i nf.r fi lv'tif{oyndnrfini cal rbratlori curve d.lr itrni*fi.r

Uitllrfr (rattng curve ) uiolffunrrl{u$iu6:vu'ir{:cfiJunvrlilmr:lnmo.nh aod

nioo"rfilzrn',nnT :ndannrrlf,lfo6a\ndrrrurrr:mrcY.runn.r'lupd r,. r. r liorocs tfo.t

roudr lftarrrdirii,rf-iSn-m*o,ifu,urnlr1lunl (parabola) uiormvinurnlr.nlrolin
t.

rou1xra (controt) rudsum:ficuir.rdr.rfiSfrlnmlaur6sdrfl'fifrlr$lrrmiomniq.r

frmuln&rhhrr\rarn

nrruav r 6ungnffi {?D.rl fidJiraufldrlr:o inlfi#ruinirnmrrrtl ianrrm*mio,du.?

tuutn$irtn.r1ilosa.nf#iacm r firIft r odu finmndrmulu:n6nrdr$ciunlunca2$r

nr;fiuo.rr*lir energy grade rtne n*nrfiinrfrnririutt:,u6*ruJnorrmln lfi.nliundfi

ru.n-rrrlf,triouru.iru ", 6'.rgrti,*. r . r 6rfiuflsdTafiJu'1"trt1il.rnr1f;

rtrmrlu:n rudguuJn{ft rio.mrcmnr:flnr flvilionr:mnvnan fi11 rifu ecfio.r

nhnrriruirrnnt:lununvrvrhnfrfir"luriunra , al.: "lun:diiinr:r#truu.hrmrlnrmris

t iun'ir shlf tins cootrot Uiutrnr:lunmlffrccUrvrt[,rrrirdrunr:f,ar:on6.rotrtum

ir.:rvurhrrs6ff#r ?ar\n1??'mJirr,nr:lunrYu:vfiffrftir,qrnlCf.rrlilzrrfrr#tntium

nr:lundirriordY's nrruur,nsirlml:vfinrrcn'rtiJfimiorulh:vfinrr4ndrriouocuitJ'lfiiJ

Ift uiumlrudoei'nrirmoillrnr:lunmsfrdruft :cirufrf, .rnrirr

z
c

b

h

L

I

t
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nr: imJil'nffr"luuginvnfrarcov ri'u{ rwfi nufl n'hJonrlfiotiltufr, odrfitl6u
.t,

ruo{r1a1nflnrn{n2?rttnnf,1ils?t{nrrrf,rnfirirtflfieou1yr:n Intni'rlrJudrnrrrnrnfirsol

finlrrrnc energy grade rlne ac'trir$rnrir.:firmmlnur:rvrirgo.t veloctty tread fi

rinloumn arrrmncit.tlo.tarrunrnfirfi nfrraoor,du*aornu*o backvateE uauns

tntnrrfi os.'r##'?rnflnio : vfidr6#qrrr r *ruou rfr#rtnfr ffr rifun:fi#.:ndrrio'.,,Juo,

h{f,er:nnnrrilnrnfirrihdrnr:rir no{,duil luIfifl iilaufrfirg f,.rdmrr

o .S.m ,F.k* = (i,)- = (i)^ (4.2"1)
'o o -o

ludrnrt (t.2.1) r.liurrrnrrlun q osrifudnsi?uunnin"{fiun2Tlamfitno$zrfr s

Itrao-nidrnndrdnftrorngslr,ra drral m qcrilrn"u o-t fir r 6snmrunncir.t?B.l

:cfirfirfrryudrqrtdan'nfraolui#f,o.r* lnutniufirfinf.,rvu'ir.rpdnn'rff#soruri#

i*orronfith"rufuiotrrJur&rnrlrailslil d.rhdruo.r k lud!n1? (r.2.1) i.rlrio'ru]u

lb.r rrirfru o . 5 ua c o c Cfo.'rJ : vlror i drotr Nom m r : r-n'lu urin s ru.ita i.,: .r

"lunr:a'rrrzrearoz'ruf,tifu 6: cl,l irummrn{u-: vrfu -riilrnr:lrnrn{lfnffuoi
r{fuar#sliandin e u.i.r mrfirniornda.rinfiru:ncvldutrranrigru (baae sage) rav

dnmriov rihnorfidru (auxl1 lary grg. ) shli#.laolf,ovfio.ro{ilrqlwoctnrr rdalrl

r iriradrdbs 1 rleflio ro rrruf,runrr*oncili'lfiflnn:gmrn:crfiauortlnrrrrmrnr#or'lu

nr:drurn{o.rimffuiIoun{ ri1!o.r r o;grniufinrpnf#irnr:imrilmnr:lunsaqfr tY-rurn

drbXprnr r fimriugrnir.nturniln irfian'ldrirrodu ro ninrrr$onlf,.r rtil,rnrfr

:fldrcryfirffrunvrJilturr:lunuo.nfr4no#fiognnr:iairir r "ln{rduorioryirrfu Fo

crmfufinrnrffitfi.rr.lilmhlaurouJrrrr.i.ol#ndondrutrunrrlionr:nnnod.rd'rod1{$da.l

fug# r,.e.r lfr.ilirrsf1flr;sn;1 qo curve d.rurrudrsstirmnr:ltrelundj
F = Fo fi'rn'in'ir r lrirrirrY,u ro ufrrfininr:ndon{neiru:vrir.: F/Fo u6ty

t/eo luntvatn:#.rov riun'ir arrxrllary charr n1lR".uru.lintnr:lu#r rnr

ln .l nia q qmllftrJiurufTa'rU$r'ui lufuu:ndnnrtrB'orrri:u F/Fo uncartt

auxlttaly ct "rt fiovrirrrrirso.idn:rei?u c/co "lffiio'lulldtrrir qo aln qo curve
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*iuiursirurirvrJin"ldi'lurradfio.rnr:unJirLrr'.nr:lrrornrfufiuirir eo [17su2-n:rfl'ru q/qo

n'ac1fi.liur&nr:1uh q n1rfro.:nli th auxitiary curve ia"nunrc r iru r {un:.:"lu

nfVnlunllxrtw logartrhmic paper nlrrornf,urOlrdtrcr:{i1fifi6afirgO.:
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'ltl fivliuroairrru! normat.-falI r at ing

fall retlng !0nt1n Fil rivtu;l1'Iil r- fil',
o

lc ri,ufl.ifiJfiulyfinirfi'.:fnarirsnan.l'lu:rl'a' r,. a . a

140 t60 rBo 200

:uvr I fl.tli t).J'lMI1trUU Constant-faLl raLingh.2.1
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r vfrJlf-tfi in"tifid 1!'t:nx1ri1ta "1 r 'r11 sii, iufiniu rrua'n r rd ru F /F Lrnsa1n.,,cor-n a' n

recrion c,r.re 'lur i r,.1i ridluri, q /o "tfi +rnrr*ufinrua-n: riru o lo firu,a ,n - -a, -n

qn i.rlfYlrnlf,.ilirrc,nhiugLni r,.,r: ao?crfifian1sa{rJ;111rm'ti1,ilRta.xi1vt'fra.rn1rduto.'l
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n?7 ialu.lul fi{., imnfrn : sxilfi n ruitsnoa pl#nlfl

4.9

(1) nrrrioggruE UInrni8'l ( logarLthrate exteneton)

(a) nr:rbffi1utuJuadr ?ud (stevene a '6- extenelon)

(3) n1:eiolulurruu'ldXn:urari$aioriun'ilnttl conveyance factor

. 1 nr:rftlssruld$irtfrruru rannio"s

luidf, r u tlvnlrln'1rt: c6rfrunvdn: rnr:lunfi ortr{urfiu6oglupn''o':Iu:"1

(Perabollc Bebatlonehlp) rftO nf:

a - r(h-a)b

"jtut lo dn:'mr:lunnoqfr

:cfiff1
.t

:cu:ilr{:nl ir.#latvfufrrrinir6u6fi4nvr':vfi nfr

iirul if i fi aa'n: rn r: lun r rirrfi retu J

a

h

a

(4"3"1.r)

(4"3"1"2)

.J
Rln{x

e1n (It.3.1.1) trroclfidr

togQ togk+blog(h-a)

k,b

-.cstftiirnrrildlilfiJ6:cil'l'r{ a fiu h-a rirond'oolunrr* log-los r!
lfn:rrtrfim:.r dof;rrrnhaqAynalgnfiorufri nrrsitrgt rullfuJiutlf#rihrfr,rn:.:fiqv

nl'tfi.irsf,ru qsrfir'irrir Q $nu h r:lacurrarnlfioiwraf#io{riu d#rr,dtoo

n'rfurqfith " rdr6ondr a eio h-a rftruittmi'on'lunrvrmflrlr{ log - 1og

i.rr:rrhqcs-r'ldlfh:rtrdirfl:.lrilrrv'irdr u tT.r'trinnffi.r r'dovrrnr:ollfirir a

'luri flnrhr rrqylfln:ttrfimxnr#r :rdbmr: (n'rltfi t.r.r.r)
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mto ro@

(4.3.2.r)

A

B

e

:

T

Uvr

dn:rnr:'lun (a)

- rfrrn:rr{r{rfi,fr.*u uaolirdr lrnrfiuirl

- "ldn:rvir&unt.!rrdn.ii'rri1 onfra\

- r{un:ririrnrfiruo'r.r uan.:irrir riaeriulu

1.3.1.1 n t11'lLrdn-:nl lriatrurui ti.:r.ji r.r rnr.frrLU! t d?unni;.r

j. z nr:riolfi.nJiiltnlrfrlnui6sa.:afi r ruflu
t.

iBilldgntto.rururtt (chezy)

a

a

c

R

AC RS

lrr!a = dnrrnr:'lun
l; - -= }m}1vru.lann1: 114R

= {,rrrlir{orrr,t1r,:lr,olrtd

= r'aitnrtran{

= ntlra 1R ru0a.l r flund.rlrr.r

-+.-,+

'l-

I
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.aa dcls In1f,rtyttt6t3 D r riuciruou rtrdn r odu uncldrmrrir

n 1us{mr# (4.7-2.1) cnlutvtfir

a = xn u5--

nr#io
rinfrhso.r a. prlnr Q uirirnu.rnoltundono.r'luntynrtn:rrhv1f;

.-gdtntrt,rlu, A,n: $ntni:crau ahr :r*ru:nnbl#qrlirrufrlfi

c /i rtr o v lria dnrdonrqfi 5r urii 6d1ifn r mngrt ir.rm vrohR:IIOit

= dn:rnrrlun

= firat:sAnfn?1rrt+riv

= filfiU,o

= ioionarnn{

= fi?'Illsln!?l?,ofif.!1ff

(4.3"2"2)

(4"3"3.1)

- A- u
AgU.lf,{rt$l{lJll

(4"3 "3 "2 )

drudtnlntn.r rdrUflru 6.r rft i6njiruqnnlrnniri6u:n

rr.r.l nr:siosu'ruuru'ld6

i6u1{nrmrurnrfi.rfiir

lurio

nt uulthl

3'+

r'r nrg'lfinnrnr:ififrrilr dr

a=* AR

a

n

A

R

S

Ift,ihtr$rAfi

a
2

xanS

Inu K Conveyance factor

n l,l8g S

r:rerlf,r'r

1J
n

i6nr:'lfrlfuilaun'nnrurrir r. mrOoXafiin{u#r1fih n dldlrn.,
n'ruzrem q aor:vrtffrriorfirnhrilrf,uuefii6ufl.inlrqsfrb{1dfui.r rYrrfinnrzfuirfir

ccfrb{in'l:n1ur0m1o'1 cor,r"yance ractor so{rf#Airi-rurnrtl?$rfru



ullu 5

nt:i rn:rCn: rilfrrir

#*L!rnfl (Itarterrhed ut'8 crtchncntl in ildnrulu,rYro*r#

in :qurfu f r#, ioi*,,r,no fl u*r\mu, utf, c vxl1f, r itifrluzuui rinr ( su r r rc e .

runotf )' fufird fffifffihtrmruiriu lunr{rurcrni#ruonrrYutraurtnp'rndrr rfrric:

lmur rufirlunr.r,hrimoonq rn#rdidp r i,u rl rn gud r., r : rcs r f i rfir r r.ur o*.ri

qirfi rifu ruirau:w,,,"*i'o iululu: umv*a.#r,i,ft*, tllu ( rnpu t ) i.f #if
f,aulurrfi *lniir ra{ unucclbrir#lfi ( ootpu t ) .',n r"ri.,#iid r 1 rr vninrr

hr:orfudulfiia fjrrriurnt *i,f'ro'ttr! ( strcenf lov) n1ts'lu:n rm;ufi#6rnn, iL

*rmsslrs'rfr;u (orvtdcr) ircilr'rnl#uri{,hriu e iru fuiiTnnis$nslulu;u

( raft l tra t t on l 6nd$njrnnrs tilurliurnrrupi ( na tnf a l l cxcee e ) Ift,fi'n r: uril

dnrndwfr o{,,ilrzrltrca$u riuiaun'tucvrn uirauhrqni fi r fi afinu r iafiflu z trrt

qlfr:ufirio fiirfo (surtr".'flor) unvfilfir?nr (subgurf ace f lov uf0'

rnrcrflor) iqrlirtrrr:1nns0.rr'.t e rnrudrc::uYutiunir Drrect runoff ilc;lra
lrr{nrdtirulnmuno.ffiu,f.utirl::n r finrrma-'rqr# r fi nrunn'lu{lrhlriuru

grart ructt
retFaa

DIYPEi

lllflltrdl.r

'1

iroohlb

!
tca

tc[ ioLlE e'ufi rlrl

i.rilIarc trlr lb

i-ta
rmrf

Ertr0rrrClrolhr

OUT ruT

ffil ,II
q,T i,T

Drf .forth
qr? arr

il; 5 t , -rn.-rp r in,hlu#{raf"'



rr.er,{r,lttd.tdiu"llrtluiu fio;nhtfruinrrr,fil,;rfir, iuo, ount"riodot.

nr:iufrmrfurriruo*.'.drr.il.rnnltccrirrfiithi':fuf,r qunrv*.ttiroiui'drf;rgf1

fr&v r hrirn$rsrtrJffrlmu r'r'lfi.lilronr: rrfurinso$rlffiu (Ground vater ),iiu
$u rfltffi.tftft{:urnidnnfll6n (Deep pircolatron) a.ttild#urflulnrn

(equtrer) frtffirdar'lw$v"trl"ltnaanmrorrof#uuno.nfirfi'{*f. (saeef los) uci

illuttnr:lnnoonevrbs'r uJuluodrrfrr n,Co,fir,tfirnr:hnoanm.! Dtrect runoff

tlara.rl*iCrfimglueill iliut'f#Xnfrtli ( rnterceprton) uia.limuhfifnd.rq'rl
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udlrfintuitbgrh.! .t (Retentton storage)

tilllll!titl,tu (.Evapotranaptratlon)

rlul; grur dutlo'rn: nru'lu g.lnr:mufr

5.1 nr1lulx."1 (Strednf lofl f,ydrograph)

n:frrttrrrif (Streanflor uio Dt scharge Eydrograph) f,on:frtuiO

nrrrd.ruc{a{fi {dnnnr:lnn1uptfliiuru o,.urfi ao#rJn'rrruatlluurirfrn'rnt: rnlunt.t

rJffi uf,rnrntfnirfifion:ttvrjntam'rfrnnwdrl q 1{rnlunrrunvurgiorro{trihf;r

ur{ncdla'rrlfinf,rf:vr,rr'rohnuunnfnirhftd{ufrfaqiurfrrdtlatrronr; n:ttrfnirdi

;rT ulfrfqgfuH' a urufo n:mrfrvrh:ruil (Annual Hydtograph) uncn:rilfTiidrfit

crnnranryrfrym{i{

(r) nrrrflhil-rrrgfl (Annual Hydrograph) ulun:#nr1nr:rrdsn

rtlrmfrrinYu mu#ofl douanod.:dnnov arnrarupft:r suwrrladrdu n1: t s r u uav

tr'oirnisfrluruirfislor:fu#rfiiurfr firsdr.rno.rn:rrtrfnirtrsi ,a ruru1#u{al'tflugrJ

d r.,.,
nrrrtrhvirduu:ndlrrlun:r*rfrvirar lrrlr creet "lnfrrYu Belh vtrk

ni rexaa lufil5ourinr rrfunr:1mso.:frruruiorila.rnno#{fl (peranntal

etreaa) dlu1uf,rncoclor..nlifrlurm{lfir 6n:rnr:1mndn'rlrtrfimJnrusorruu$rtrJ
.Ja

rfimrmnglu n'rrrtlsn'ir Dtrect runoff uio q,rt"tttor lurusfid?umlnrr

tnm{?rr::rrdsrJruJn.rf,rludr.rfifi*rr irriun.ir Baeef tow ui,rn#ouasoldn:r
nrrlunrnurnfirrnh:ruiiffih Baern yrerd rr"rmfuurirrrfiinr:lunruuriordo.rnma

f'til bacrn vreld rfia#.rrulrhcvl#crn Baaerror us{ai'lilrilurh*ufinnn.nn1u
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(a) Mill Creck ncar Belville. Texos (walershcd area = 376 mi')
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(b) Frio River near Uvaldc, Teras (walc.sh?d area = 661 mi2 )

pfi l.r.r nrrrtrlloirrruil 'luil a.a. rgar r1ndo1ilin?cirufl a rnrfi d.r

.au
uda{fi{.im0/cfi1{qnnixu1o0.tn"[f1 t.l udrlrfiftrrtnnnntnil (pcrcnnrar strcao)

(b) u$f1n'ilhlraronrvdz#inrqon (Ephcncral ctrcaar)

,(,

E'
a

st

o

€(,

1lcI
o
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d.urfrdrulwlovirnrlulufirniq'urfr,rntlunoonvrrl*irh'lutrt Subsurracc flor
'I

n:trrfnirfiu' e llfirr orn Frlo 
, 

Er.r ier 'ln{ I uvrlic , Tcxac uril

il:utntfrilpruinr'lirrh#rodr.rtluiuurirfru'irhltlstlnrvttorirtunn (cphcncraI

rlvcr) luorrn4imrnr;uuuurT.ru(.r lcttflriridr.rrrnrd'*urrunrfi'urirfrqr$il.! rJiiltu

tn*,,firnril.fr4urfrrtou#wlraccr,ntur.ru Dtrecr rur,orr unvinr:imlto$rfiou
rJrln B..ln ylcld lTfir q'W'tfrifi,,lunodirrfiallrcrmJiu.lru Drrcct runorr d

lfttrnnrq*rrr.rra'tw!

(e) n: rrrrfrrirvr'r irernrrrq lunn'l agnrni.r (Storm hydrosraph) a1n

nr:fnurgfi.rn:tifnir:rsiluda$lYrruiro'n: rnr:1rln6.rEae : riafirlririoulnlrnvolecv

tihgnurqrnnrriinnrqtu'luq'urfrrfiu.rodr{riur 3,.ti i.r.. urn.r6.rriardr.r q u

Cauo mrttfrrirludx r rn# r n'inrqdu ri#a! ria*unmnln Ba rc f ror

rJilronr:}mnmodrdr .r (AB) Drrrcr runoff .r,drfirnJ1, E

" uort q-.rl# o r{arnornrtt oB qr lriuriartnur:lnnaa.r

rdr,firo'na{.rrir

uan0gxue tl

luAog.l !

Beacf Ior

l!

,o
E

Peel< florr Hydrogrrph componcnts
c

AB - bascflow rccession

BC - rising limb

CD - falling limb

DE - bascflow recession

Timc

A EB

,J
TIJ'I 5.1.e r{rw : cnou m on :rrrlilrr uuir.rnr r r fi anrqlu

(3) n1:uun Dsr.flor aona1nnr1ilf1il1
aarItxilunilirr nnrui6filf,tunriuun Baeeflow oonQ1fl Dlrcct

runoff iifi,rir,u#qaAurrrl'.rrifuio' nor."l dcptcrton curvc fi'ueatlllno

"llortlon ?E norrnal dcplctlon curv. $10 naBt.r baeeflov reccaalon



curye ti,unr fllr0n.ts'nBntts,rn 1rl,xn;'nffo.! u1Inun1:n'rurfi1 (supertopoelng)

Ifirn r r nnnwnrs'I ri'uritmidnl &a.ilr.ltfrfu, In#ldlnl:nno { ( Recc 8 E ton
'd

csrve) M3flta{flllnllllUtllJll exponenttal C€cay
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- ( t-to) /ka(t) = Qo e (5.1.r)

UA a
I

00t 1n 1: tl4Rx I ?n'l to
o

exponentlal decay constena Sniru r ilu r rnr

s(r) IQ (t) (s.r.2)

. w < < ! I .o <w <etiflnltlmjuunn{!2.i I 1R'tvnt llluTl/rl avrf.rnuranriu tri!n'uoflniun9la.l

Eaceflov (ll,ormal baeeflow rccesglon curve) I l 'lt{1!1: nav uunl{'jrloluu
i.'.lri Dlrccr runoff r ixfiJtta31/lqns.: (.an B lLnc u uuflri 5.2.2) rgx21.l

t, I
e lnil ti'r Dtrect runoff ung Baseflor tr!r: nnr ctlgn0onl rnn-utfinuiG

n1tn1{ rl

k

Q(. ) = a-n:rnr:lunriarrnr I
j. drnl:vr 5.1.1 rsndantifurfiunl{uunrri geml-lo8, Iaul# q

a{nrrunu ros un! t o{urlunuo:run1 ;'1odi.rri1ua.! x tufi.ipn:l

rr,irn-u 5, ro-3 r-u i.rn:.rrYurir half-1tfe rilrrYu to i'u rir half-ltfc
t. i <'.lora.,fi.r_oojj.., 

3(f ) = o.s *rn.rri 1.r., lfinnol?nTl B.oeflov QgIn' 
\lo

rlelnrfnnl:lD{ llnear rcaervolr i.ridn: rn rrltnaan (outflow rate)

ruludnd rufi ruilnu r riu n-n'lurlllu-u ( cu r r e n t s t o r a ge )

iinrrdr.:.r frflunr:ugn bagefto, 6a (n) iErflun:.r (stralght
.<.

Itne oethod) (!) mn1ltrnn21!81?!D.tJlUt 1B'l (F1xcd base length mcthod)

(n) iinrrrmrnrurud'truruin.r (vartable alope method) i6nlr#.rruof,li,ao.r

lTlutrUil 5.1.3

i6rdun:r vrllntmrn r(unt lluuur:rucrnqofi . iurri,Iririu'tr.tti.:ondnrir

ld.trour:nnnl (Receealon I tob) ?6if nmn *i,f#irl'r'lnn t orrc t luii*nn
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\
( b( )
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Inflection
point

N -.-..-+

\
(o)

fime
(a) Straight tinc nrcthod.
(D) Fixed bssc ntethod. ,

(c) Vrri.blc sloPe mcthod.

5.1-) ?0n1luun Baceflow QlIl 'Dlrect runoff

ol
coo

q
a,!a
a

o
lmeT

ItJr'

(uphcoeril gtrcarn) iinrrurorqccu:-ur.t1r'lfiif,rhunr:'ldrduro'u'r'lun.ru.n,iu,
, .,1 -:vn'ir.r1n riufiroo{n1r1xf,!0.,!f1a'riu rYuln r iffirlo{Ifr{n ltnnn { (Reccaeron

I tnb) morl{rfrr,ir rinin'anr:l,nnnrrnJnito.l Baaer lov ino{wi.r fru;u{ui

{urhrdn .r i'ulairlurmq'utu, ncwtett rre: iulberi (ts67) trucui'jr

Baro f lor' :ild1{n1r r i?inrq4u rlrr rr ofi'lrxqidr riuf,ufirua-o: r o. oo55 in: /

iurf,-r,.-rnr. (0.05 cfg /mr 
2-ir)

. !.lr. .i
sf1ilfiJidn'l$uan1'lNU'r tla {I iu i ?n1n{ii r:11sd!r1i'l rrfri riursutl;lun

d,ru. n ntdu'ooln.ooglq;toln:rrtrirvil Daserlov irfiafi.,riauntlrfiarlririu
' -.i i e. .

rvgnornioudlfrlafra:.rrYu1a$gnlo{nr1ilti'Di1 u(ri.nrjnr:nrnrflun:lrilau:vnir.r
j,..J

1fi n rndomfr qafrnr $fu 1a6.rqnrYu1mrul#ln r :nan sn' r rn r n un'll rnp6.rqara I
n:lilf'ni1

..a
tu?ln21llnlnrr rufitrutuJn.: ntlillo.,r Bsecf, los riauicv r itrinlh



-86-
j

iriurvgnorneiaaonltJu"t.onn*n:lrfu.on{.r{nta.rnttffrvir rnsnrnn:1t{sa',r Baeeflorc

J- " "n8nzuilTlTlffmle?P nuntr.nrd2'lrtd',rinfin:.rrYufirUdsulf(.: (Inflectlon polot)

lu falllng 1lnb sa.,rn:1*ff1vir rtdrq'{arn t flun:t r dou: tn'jr.rlnJnlutol t f,unrt

a t flufi a'mrnlrnnllcior8fl r1ta.!n l "lillD il I Basef low

5.a nr:gofurna'nfr ( rnflltrattofl)

nr:gnfrrm.nfrulusu?un1rfi'uir,tl4rnilarnftriurf,r'tu'lufiu fiIq{u}tn1uJ:cn1l

diirBnuriun.rgnilea.:rlr rrmf,.rdnrrso'if,rfiuunvfl**lqnqnamiGsa.:Au r dunrtnprn.r

iu (n) mcn?1r&idnfirdsr{sa.:Au (Hycraurlc conduvtivlty) t,utoraltro.t

Augo#arArr ftfrdiqonxuG'artflflnddr.:fllrararrriu.rrYuo{rfudu.r ui'li(rfinfirto.:fiu

(Horlzone) fr'ratjr.rrdu fiunvnaur:ru (etlt) d.,rfirirnrtruito*rdn{riaufir.q.raro

qvriu.loriuu#lforrfidur (cray) d.ria'lriluisnoranisii uonarnf,iuu-{arqcvfnrr&ffir
. o' -, !/ iJq r 4 . a ,

rurlJ'tnn{tN?1tuaffi4fla l iono1aas rdu tfiu{rilas r 6n 'r lsin.tilfi.l nnalotnnlrufuuJr

odrrurnf,unvnr'r fiuu rnor?alr,rrqns*6*.:#,firilr,door.utlufiurud'uurun.rlr.t

ni'h[nr:nnfunf'rlatfiurilurrurun',rfi'fir{ruuln d.:t:rarur:nafirrs"ldftfiu.!ndt I firs

dlnr:nr.:rfins{rdn{

n.lrn:va.rusa{flrtrfi,oru'lumrlrn'nFnr:sil?'r{nrr ronjaudrn.:so.ttfrlrft6n.r't{

lupfi r.e.r ii.ri,orruour.udua{ r* rm fia rsnautfr (saturated zone) '[nd

rTuirinr rwdhrndaud":niru (rranemleslon zone) so{nttlnorulria''lii doi"r',u

fudauffr.rs{u'rr*rto r?nrdunff1 (t{etttns zoo.) dsin'rtrdrunuorur.lrin uacur

rflunttr (uetttng front) d.rfinr: rrJdsuruluo-oo..udro.lorrudnqunnuui'lf,

dur:nunrftrnrrulricierda.rriirsa$urfiunda{frr.flrur,,,acfiur$hfi'o{frr.:dr.r1fi'#ua$rYu

liurrrnr:goftna.rrhunvrpsmjGvrr.:flfindra.:fiuuurrflufffrarcqvuvl:niurfrr'turfiu.r a-r

fliqufi.rflors .r rln a.,:'h.tluFnr

dntrnr:fllsooIr (rnfrltrar.ron rate" f),,Jldrriadrlu.: riarrRrfi

rpn:siodrlu.r fifiodorrftfr{xrflrtL'lufiufifirfiu fi"rffrfr'ro{uufiriu nr:6*rsa{f'rocrfir,flru

1uo-r,:r6oq#fiuovfluffr"lfl (porentiar taftlrralion rare) flrdn:r#rl1'bY. urifirfrt

rdu rhru rYurlouniro-n:r6.:qn diruluflutrr"ta'1,.r?2c#'u fi.:rYua"nrrnr:gerflrffrsa.:fr&iu{f
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0 MOisture COntCnl 

-----.**

r(.)

Saturation zonc tfr

(t)

(1) sSJn'r:nD.! Horron
.a- {-

f,llnlf}lrrut1tu Inu

\ Trrnsirion zonc i

(5 -2.2)

Transmission
zoncE

s
Wcning

zone

WBtling fronr

nfi 5.2.1
Ir,.

l lnnl 1rl uso { ;u l vx i'r.!'r 1 : iuaa.rrfr r {rluluiu

ri.rdquloEnirrirdn:rnr:nninfr$lqn{ru drn r:nr:nniulrsa,riu r fioufulnts

1t{riro"n: rn r:nniUfrd.{r{ngO {fiu i,r: nn6r.rli<vAt (Clrnuletivc ilrfiItratton

r) fifia arruinarslse+frdirn.:'luluiu:ruirrdr.rrrninjniuun'hi unsirirryir

nuau 1 n2f,lo{onl 1n'l?fi fi !lr1l1?r0 {nllt B}r'r 1.li'r i : 10 luluu I

(5.2.1)fL

!
if,

'lun r.rn#u n"u a"n: rn r r ga{l{frlo.r}u fi fi e

uro 'l
al .flo durnnry verlable $a.ltln1 lun"l:a!nlnl

(r) ct

dF( r)
-rf

Hor ton .t . u . i<t
sifu 61n r 1n r 1 lsfrm.:iruvr=iliuriouln :



rf,au rtunr:vri.r rtrlfirftrnnrfiu'irnr:irsa.nfrovriu#urYrua'n:ro-uni.: ro

ana{turu cxponantlel eqr nr vr{.rriuidrn',rirriu'rt ln.rrt fc (gtrrJfi i,a.e1
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f +(fo-fc)c
c

[n!

flJfi 5.2 n 1 :rnihflro':;rI nue{m r : lo.t l{or ton

-kr |s.2.3)

, Timc

(D) tnfihrarion ratc and cumulativc inftltrttioo.

(t)

f(.)
.j

t,

,JA t fia decry constrnt ilnirurfl1r {T-r)

I = l,+ Vo- I,lit'
dF
dt

k2

(*2 > t1)

Ui
E

!
13
C

!-
ld.g fr- i 'o
lrg
iilItE
or,
E.=

rEr-t,

kl

Timc
(o) Varietion of thc plramct.rt.

F

I

?

(2) d!n1:!0.: Ph111lp

Ph I I I rp'1fi'uln'r1r{rfiuirs{unr:rornrr}lfi n?o.nhfrJs{tsr F

arrlti#csuan,,:1llrilu

tr(.) - st' + Kt (5.2.4)

rio s lIu peremctcr iit,iuni'l sorDrlvlty dolrlu*.rf,iuao

6011 suctlon potcn t I sl

x ionrrutiiortrdn{

a1nn1l dlffcrcntlatG qCll{'ir

f l +st'l

1r0 t @rf

(t)

(t)

K

lJfil t?'t tn8 K

(s.2.s)
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trnil 2 t?lor1udm1r (5.2.4) ru{nrfirnnrot

IrRs sravlty head nrunidu frufufiufiuJuuii.:agluuuruau

u:.r rflu.r6irrdsrildftffrrdr"lr.t'luurisfiu fr.rrYualnr:sa.! phl1lp

.l.F(.) ' st"

ciratir.:ii r.e.r r,nanrdn q fififiufiu,trdhrrirrlfu uo *r? rYuiiuo{r6uuov

rr.ragluuur:T dluroflr.,#osa.:r.roonevdlsi'rfirsffr uavnrtnrd.:ornrfrr rs urfi rfrlffi*r

rf,rlrt'luunonufur.liurnr roo iu? dYrnrtnridasrdn{salinr'ludnrrdpd'rrrirfu o.tr

ir./fi. aturirnru'lurrnr :o urfi rfrrvfirfrirra.rlrtluiurvirl: rYlui.riurrl#.rn:s

1u uu rd.rlngifi mlrfi uilr.:uui'urrr

aotl euctlon head

EotI auctlon QVI

c4<l
nofloil $4flo HtHil

tru

,
?6M nl#mfrf, uasculuuri.riu"luuur r-u F 1oo rbt

:[6" r,rJ
1

a.5 r,u.

drufunr: for'luuurr rtl n r rudnsa.rifriudcorJq s u]uyYlfirsa.r ao 1 I eucrlon

uirf,u.:atir.rr6ur d.nYuufr.rqrn t = tr urfi = 0.25 $t.

F St+(r)

2.5 s(0.2s)
'

s 5 S,J.d$r l

sf1fi lirn r : ft lta.nfra.rlulu uyi.: inr'lu uu rd.r'l #*un r : ( 5 . 2 - 5 ) IRUII

L 0.4 fi./drJ.

F

t 30 u1?r NN

*sr +Kt

I5(0.5 )

f.n$r = 0.5

(t)

3"74 iil

+ 0.4(0.5)
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16!0.1 Gr?cn - Arnp t

t

crccn unl Arnpr 1#tduoilJu(n.tnr:iuta.rfrluiuotjr.riru 1 1Ifr"

urta.rlu:li r. r. r lnuiuur r Junfr,rJu,ru # rfil1fi'#,nior rwj",o#io.",rfi. gr

iog"lf,fir#*i'.*rtnf#iarrufirrvirn-u n ( porosr ry rvirrYuda vjr.r 1u:vv i'r.r
r r t A - - " i ,-

rlaiuvr-wurisuirrrnrf.rxuoro.rfirl ta.:6uil0$t'rflfl $uruJumfrlfruu:nilnltrJtu

iufinrrirriu t'lurrnr . rfu#.rudrfrtililrn.:1u'luiu rhgnr'.:a{uuiriu#ru
a i au

n21IBn tllU{ tnnUou lu'lmJ ho

i.
I

0

q

t tt

Wetled uone
(conductivhy K)

Wcrri front

0.

L

0,

fii: 5

T

3.1 rirruJ t"lururucina.!n l rirm.trfl'luiuta l crccn-rmpr

runu#.r r itu': v ucyr r lc r ni r ilr unuuuu rilun r "'rlt'luiu

m l lol twtil

un c'hlinl irr rn :dia r r orr

nruin r, rYriruiorr

firlrn er u1u n

r,irulrt arrlti'luinr e

nu tultu?niMlJrnfluulnn tullu? l llJ]nlitxulu ( lur 5. 3 .2,
..j< .. - .j'

(Control volumc) lau 'l mjyltUunl!x11.1 ?m.lnuvl

t. .,i - r {o r j
,JtU tUlguu t:u91u rvlnu g. sl'ciann'.lllsnfl't 1lJflu tunUa! tflll

.1
r.iiuJ-

( Poros t tv 1410n ? 'U'lt:UDa {ml ) I Xa kU1 tUUnU'l t AOOUI')

-. ! r U . {.
nROAell lf 2U?4.:U:tJ1fll!a {li1n0! I tJln: ilvlnn1U tlttlll,l l



-9)-

fiicr:or (,control eurfecc )

ll,]c1nn1rilrf1la.!;ud;E r.( n:er
-r -{r' ' -n?1uJ tlJ'ltu.r.Iutln1 1x'lnuol'rtl6n!a inrl

-a-it- i. i.i { i
niruuu 1x t nunMrlu t14Jllt1qt14ra l lru']r rlllruu ruat

I iaud.rrni, sla#;nlln'nto.riu lrnnilirYn

grti s.r.z nT rihrD.rf1s.r1il'lu
,.i<r.i-- i

ux 'tmrylxlrurmu 1nnru.$41t ?gll tu

ttrul'1Bantb.t cr.Gn-Alopt

(5.3.1)

(s.3.2)

h

Omund surfact

l ctting'front

tr(crtr F
.i < ^. -ax0r!ll6l{ lurnl 

'llruu

F (t) 1( a-0, )

LAO

AE n{t

elnnlta.: oarcy 1f,uda.:1{'ir

- Drrey f lux

- n11rluiinildn{

Orq

T
.J

Kq ah
@

1u,da q

k

&y soil

n11un10 r du{in61dfl{

:r,

il
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finrrn'iuuur#{du 6iru

d' i 4 <l
q &R1n\MnnaflR11unnllfl 3]Jn1 [Vl
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l

lnu f t rlc

?1 q nt t idruJuurnluuuid.:R': tYr.oR t ttna a tflu.an
jc .i . - <,

fi f.:a {rrui rFn*raviillrrufrru=ufis?o': rru ? l f, unrr1 rfi n l r ( 5' 3' 2 ) drur : oe cil : cilTulfflas

t xl

f. k
(

: kI Y+ LT

f kI VAE +F

ho -, r)

hr-h2
T7z l (5.3.3)

(5.3.4)

(5.3.s)

rir neaa h, fiilfiufirirrilrfunrurdntro.rrf#t'.ra{ ho dt head h"

luiuuff.r'ld(rru'rrflunffrqcrvirflu - T- L (Y= soll sucttonhead) 6'.rrfun4uo.t

,.& < !oarcy drufu rri.rdruil; rdtrut#ir

l

tYrnrtrfinm.nhnld'.raqiuur'rfiu r,- rYu;#.:t*riorfifluffr y rnv L

tatrffi ov rvlrvdldrufidqnrur.rqnninurraoliiriru r n: rv jr r :ral4fih{rfrfid.ra{
a a 4l o-a n

uultlf[.lna 1fl?mJ

arn (5.3.1) nrrudnso.,luurrilunrIrfio r = $ unvaurlfi1fl

ho = o umrrir"lu (r.:.r.; ov't#dr

l

{lua{a'rn f r:rr(rrr:nrfimdiln1r (5.3.5) 1u;rJdunr:dr
E

dF
AE

-I

YA6+F

-'-
l

urTdlnr:rr F

kt
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t ,F
Fi:lf,.i0- lar kdt

-F+ 
YAB / YAe \L (i-*tEAlae) - (ri-r-YAs) l dF kdt

F(r)
I )dF(1 - , TA€

F-rT6e.-

K( + 1)

t
T

o
kdt

(5.3.7)

r, lriarur:ndffi"td' r:rl*irrn.:
o

(5.3.?)

q vCforurYdiln r:Insi6n r: $audreio

F(t)- YAe { tn [r,.r+ vao ] - ln (yae) ] = tt

F(t)- YAe r" (r + t&ll - kt (5"3.6)

ddr**",rrro creen-Ampr druiuurortrfinfla$f1flrdsdu rt'rat*ir r

alns{rn'l? (5,3"5) dsr:rnr:iurfrgo.:fiu r l:jvr"lfiarndirnrr (5"3.5)

YAC

"Gr
f (t)

lun:fiff'nrrafinsa.:rfdf,.ra{ r ufo irfiu

- hi ururillryru v ludunr:fi' $.)-5) uauo

lunr:vrdr r luounr# (5.3.6)

rfl'a.r launr:6'nniln1: (5.3.5) rffululiqvlfidr

F(r)=.kt + 1. ( 1.;[?) (s.3.8)

n'nruorir k, r, y unc A€ t[ r:rfimsrna.:uyrurir r nr'luvrrlfirir

sr"tfia$o.tt{ilnr: (nr:riilflrufifiact?ulhunr:uvruril F = kr) uncniuror,{rrir F

nr.:ff,uflruin d.:'l#uvrurircia'iudn'lur.rr.rdfruzrrfoso..lcunr: yr'rrdlftlriou o ounr#o

'tlt'ir r finrurru't6firi",o.,r' ,i"' r rirEefi'ruilla'fi'tfflrJumrrir'lunm.n $.2.i)
riaurdn:rnr:gn0urfrsa.riu f

niflJ : c rlndrsJuaiaa rra.: cr een-Ampr "lu1 fiYua s Cfa {u :,rurir:J : c r ifl tta.t

nrTnr'rdnrlrdn{ t , fill}tyrlu n lray soll Bucrton head v duur rflunrrr
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lrookE ttflc Corcy (1964) 'llfu1n r r intrfi.rRt rlfiuuJ: ta.l suctlon hr.d uns

arruiinrtrdn{fiinrru{uluiu.0 udlornuinr:vnnol'luria,:vnno'rrYuiuriuciuru

uln r!'rsl1Jil ? dtur:our{nrlJflugrltal ,Y.riir logertrhmic sa.rnrrrrAu6't1t

n1l ('qf fcettvc eeturrrlon) S. (t?U 5.3.3) d'rn'l rldu run'aa{ta.riunru

vfisqrnfishlr{nnlc!rtnf10on'lr]aux]rnss riun'ir e. rir !f f ecrlve srturerron

ricv r lrtdn: rd?urroo.',ufirf iug ( evsl l e b l.e mo l s ture ) e - e. n:unrrltuf ia g'

1#6.fqn (Uextmun poaetblc rvetlcblc molsturc) rl - Q.

s
e-0
n-o r

(s.3.9)
C

1r r iunirn: rrn:u'ltn r: (Eff.crive porostty), g"a n er

n : rmlun'rldn r : c c id? la

n rrnfulue{nrnu:n rir r aTn (5.3.e) cs1{-ir

{:uair.r
allae

S

e

0 1.0
F

e<0<
1

e ts0
G

erI

Eo

a

u

EI

1.0

0.1

0.0r

I.= 2.E9

I = 3.69

( I) Fragmcnted mixturc
(2) Berea sandstonc
(3) Hygicnc sandstonc

(2t (3)

Irrfi i.r.r nrru{lrir{

DA.: Soll auctlon

heed n"uarrr.rilfi'r'Ifr

nl:1nu Brooke ttnY

Corry
)' = 4.17

l0,lm
Soil suction hcad, y/ (cm water)

0.00t

(l)
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4.t

lU9lU [ !0tt[? t Lii:lnU'l,.l1i.l ldLtA?

nA€
I

(s

-uFl.tuu Ai, = (i - se)(,c

nflldr.rfrrrdturi.J lceariri'rmlc rrder.ltilufl

d n1tfla{ Droc:cs - corey

(s.3"10)

t45 3 " 3 dtr,'11n s6fl.l"lrfiflu

(5"3"i1)

n

b

J +<:ee "{

I
s le

1urflo Y rrng I dorirnuflrj"tfiln rnr::curuffroonornfiu r'fludr.r .r

rufrrinrirfla.r IIRY Y luur;iosdrr rufr:.ifldirnr: I.l" rr'lunr:aBrrunrruS
e

dur"u {uo.l rua uo.r#a 4nfi 
't fr

Doi-*rer ( 1 955 ) '[dft,r inr:finurnrrrunhruj:tto rdrn'ltiu'r/nrlrdn{n-untu
&,
iluuavaoirriroxlNu'1dn111iln{1flnr: d lr:1n r:"1 narruu'l^iarr,h q,;iuir.J:;:.nruni t,a'rjsgoi,,

ri r n r r ru'r da,'trtl n 5d r n :-u n r t't'r n mr u 6 ir ffr

qrnnrti r fl: r:fin":otjr rfuiurJ: ylrnr 5.ooo rL.u'.:^[uaui5a r lin iflu'j1ri1

lOnU!0.1 paranote:: gi'l.t ') ijo.: Grecn-/mpt n. , . Y ttny t dhn:"udru

+'-.8 < & ^gfrneir{ r tiJ 5.3"'l []lanu]Jlu0o3 [ounuua']naufil "ti:ro.inu r ]iug'l 8oi1

suctlon head
< u4, .i A. /<,,

?a.ttru2 [ dunlrl nfl't I rut llu-[ u?ru J /in11]Ju 1flRfrh?{n5iJfl10na{

unnoll lnil
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l
n1l1{Yl 5.3,1 Perameter

Crcen-Ampt

dr.r .r lunr:funirsa.rfrugfr nrir.r "r 1u6iln r : sa.r

So11 claos Por.Etty Ef f ect lve
porcsity

o

Wett.in8 front
soil suctlon
head

'r
(cm)

IIydraultc
conductlvity

(
(cm/rr)

n

Send

Loamy eand

Sandy loam

Loam

51lt loan

Sandy clay

l oam

Clay loam

S11ty clay
Ioarn

SanCy clay

Sllty clay

C 1ay

a "437
(0"374-0"5C0)

o "437
(0 - 363-0.505 )

c .453

(0.3s.r-0.555)

c"463

(c-37s-0"ssi )

0"501

(r .42c-0.,582 )

0"398

<0"332-0 464)

0 "464
( 0 ^ 409-0 

" 519 )

0.47i
(0 "4:.3-0 " 524)

0.43C

(0.370-c.490)

o "479
(0. '+25-0.533 )

0 "475
<?:,27..0"523)

o "417
( c.3s4-0 

" 
4E0)

0"40I
(o "32e-o "473)

0,4L2
(0.233-0,54r)

o "434
( 0.334-0. s34)

0"485
(0"394-0.578)

0"330
(0 "235-0 .425)

0. :i09

(0.279-0"50r)

0"432

(0.347-0 
" 517)

i.32t
(0.207-0.43s)

0"423
(0"3-14-C.512)

0"385
(0.269-0"50I)

4 "95
(c,97-2-s.35)

6,13
(L "35-27 .e4)

Il "OI
(2.67-4s "47)

8 .89
( 1" 33-59 " 38)

16.68
(2 -92-9s "39)

2r"85
(4 "42-108 " 0)

20 .88
(4.79-9r..r0)

27 ,30

(5.67-I3r. s0 )

23 "90
(4"08-.140" 2)

29 "22
( 6.13-r3e.4 )

31" 53

(6"39-156"5)

11"73

2"99

r "09

0"34

0"65

0 "15

0"r0

0. 10

0"c6

c "c5

0.03

The numbers ia parenthoscs below each parameter are onc standard
devlatlon arrr:ni the pare-rrctcr value glven. Source ; a.awl6, Erakcnsick,
and FIiller, 1933 "
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<.
n?ou'r.:l,r 5")"1 a.:nru'rom1o'Tn'tn rsilrlraa.rdu r urat Rr ri,6nuarrirfiirdvcir: F

!,r
lrn"rornfiiliifirln.:tij'luilii:rur.lr,nynar'14:1u (s11t ioam) rfutrorrilfl':I1.:lntrfiulir

,rorurn,drilurrrri'rfll'2inr:r.liilr:u 3o (UairdLri *i$rrilrr:-t,rufi'l6ufirirffaua,r6'n

il .: tfl

1D.r11
.t

a1nfl1i1li 5 3"1 riiu :"u 6u d r uijuay no !ri4 :'t,ij .; = 0"486

i'rr r:ri:rri'r1fln r:'iu:; il; i,,rn r i.'.r

t lnu

K = o.65 ilil.('l'it"
-- i'
i'rriu r rndrnrr i ( 5, 3. 10 )

= (1 : s ) oce

tl ar

= (r - 0"3) 0"485

= 0. 340

= 16"7 x 0.3[0

= 5.58 {I"

1 dll nriurzu"kllnuliliEuvrueirsio r ia.:"lu

diln1? (5.3"E) fle {iLi4Ufilr$n F (t) Kt 0"55 iil -vflnuu

Y

ttf, u

AJ

16 "7 i!.1l . l,[03

s = 0"3
c

nrl rarfl n fl o {ffrf ua ;Ec}# t

F(.) (I"+:*2Kt + EAO lo

0"55 x I -r 5"68 ln (I +

)

0"65
r.68 )

L 27 qlu"

uyruril F= 1.2? ntlu#r.ir:rtardrJnTr (5.3.8) ld' F = 1"?g

llouufr.:a1nxiff1 , , riuf,inrsrl . o:'o rir r ,ioo'rJ,,{:r; r l,irriu 3.17 {rr

rY.:r$ro-n:rnr:fia.raorfra-'r1ufiur#.:a1n[']o"r r drr. a;nr'ifirrndlnr:irl (4"3"2)

k( YA'
!

+ I)

5"58
3:170.5s( + 1)

f

I,BI tju"/lri"
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!

1umufi udr r r r1 findT 16 s iin r :nn r uifi sfi n iu a.nnou ro-nr rn r : imhtp $ru' .,,
.., ',&- r i'{-- ,l rr-Ut,iirirl r rrnirilrrro.,igrfl''irirfri.ro{iu .r uuiriuirriui'.:irhr'qrlflunrrol'R.linr .. 

.'::

r.f
ad6o1i znr adr.rl:lhru :cui1.r;irrrrn rlrrri.rogiuufuiudriorioarrlrfusar*ul1o:'.

nr'r aru(ur:nilnhX.rqam.riulurnmYu (Inftttretton crprctty) rriruuu
!.

:su: t rnriirllqc rixf,i (Poadtng. troo ) fifia r rsrfifucrn riratu r ilrnncun: a[.r
t-.,1 -tlElt'rtlllitDEuufl?tll . : ... .... :

ffrduinn druiilulf{ nlrr-aua.rar rlfi m.rinr'luuurd.ra rocv ruinuffir juda.l

lflutrrtfi s.t.r nsirafu riour:s!r?irrtlirrld{ (r < r-) nrtrrduro.:iluqsrlau,q
nira-nrrnr:ilnhi.r{nia.fiuuesr'rlnhiufirvlri6rnlr rhqcrird{rion:rlrf,uao.rrlurrn

nr'rdrrrnr:irnfrrqamoi,u dr,rn"f, ;. . ro) iilrlriussa'uihfirurh rio*u

nrdotu r ios .r ( t > t- ) fr#6drfrruf.filssuruinns1il'tuiu csri'h{r n'anr:lun
P'

un rnuu I r iur rrnhfi f,.ra{

0 Sstural?d

I )te

Soil moisturc
conteolf *

Dcpth
in rcil

,l

5.t.1 urhdnm.lnrrtiuluiu ribu :ru.jrl unvaruun'.r
.to wvu1!in uH?tnl

*
I <lp

tt

t = tp

$,fi
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ltctn trnv Lrrson (1973) lfiunnliEnr:niuiurr:vu: r rarfirhlv

r idrlau'lftrrn1!!a{ cr..n-Anpt 'luntturnr:iusa.ilrnl'hJluiu'lnuilunnrr'u

frotirufufihr'taunvfrarrrrrfirrvirfiL r uovrtuwnnriarfi'oottroti'lotil#frlqn 1unr':

ifitrnn","didrrfio.raqi 
'r 

rr' i,l 'rirr,ru.,drr',h;,ird., 
'r.,,rurlnnollmgtrn.:lutii

int*ui (e) ffnirnr:irnfruo$riq.rqa r'irlutTsiiuta.rnrruinrarnlriudcdu,p

nBU (l) rhftrfir#rriao-ot',nr:{uhq.:qmIrrfotindir,tiaryirriualiurfllro.iitu
.: :. ..:: .: L..

1us{rn1r!0.! crccn-Anpr dn:rnr:tr,frto.rinr f. qaun?1unnuoiru1

foirrrrn;f,lrir{rfutru

r( la0
T + l) (5.4.1)f

t
E(,
I
!
B

a,

!.
5

E

a

eI
b
c

\
.E

!ri
c
a,

r
a
Ea(J tp

Actu8l innlhalior

Timc

Rainfall
I

Accumultted

rainfall

Infiltration

I
Timc0ro

,. t . 2 E-i, 1n 1: iinfrra {iu uo carr!6nm srhilil rdusliu ?-u

n r : f .ufruui'liu 1 n uu'irlunnfrualu r t'un.rfi

.J

ilm

I
1 Potential infilrrarion

\
\

I

I

I

I

I
I

I

IFp=ite
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lNa

unv

K fioallrruiiorlldnim{nu

v 6o Gaplllary prsaaure head uo.:t[u? t iunlf1
4 , { "i _ag fia n?1lJrlfln9|1\n v]i2't.:nl1JJtlu t l]lgluttn&f, nvl'lutio.tfiu

<.
fr.rudn.:1up.tfr 5. t. z nrr r*rfi nsa.:rfri,.rdtdufi : e u; t inrfrrfr r iruc

ocrisulr(rilu r = ir uoia"ni1n1:iilffisotfiu rPP ruuurirlu (5.!.1)

tVg.! p

1

t

t K YA€
ITFI(-) <5.4"2tp

irriludunr:udn..:fit:vuerrnrfirirrimss'.:nru'lCfciificlndrHnirilrflun{fi lnu

'lfltunrrnr:frnfrm.rfiulnu creen-Anpr

i
n2ou1illl 5.4.1 a.1n1u'rt$4'lrsuc r rnrfirlreg r;ilri.i (Pondlng ttne) uavn?1rJdn

sa.rrfrd#nnrfirlhosriild.t drufufiuirurJunsnauilrl#fin?Til6'uYr1f,nr:riufi'urilrrYu

30 ruo{riu6 Inufiilunn#run'lrurfll (n) 1 {u"/diJ (rr) 5 dil"/flu.

..<. . , iidui qrnsY'rotir{ii 5"1.r druiufiu:rur.lunsnau}1i1ii YAe = 5.58 { " uns

K = 0.55 dil./flil. rror,ru',iirf',.rrdird{acar'lfiorn (t"i*.e;

x(b9+r)1 tP

t

t

K-Ytre-
i( 1-k)P

(n ) dru:"u 1 1til"/dri.

p
0.65 x 5"68
r.-d(T:1r-05s)

r0"5

tt
P

1.0 x 10.5

10.5 dil.

P
Itfl F

gtl



'- tvt -

(?r) niu:-u r ,$u"lilN"

t q.55 x 5"68
i) 5(5-0"55)

o"17 StJ.

F=i
1e 10 illrl

t

4v '1 u
tUUnAi n 5Mln : 1n 1 I gliul?10.! nil

ltRg p

= 5"0 x 0"17

= 0.85 gil.

F -wAe1n(lt P

f r yirn'unr rr:r fruta.:clu ?lt 2n1i4u1?,.:

i)

1

.i .j e n- ^i""
r 110111 s14 lon r 1n 1 r Irru 1 fl a { nuytuvta : {fl n {1 1n [ ld 1fi r irufiihd\r r t rfi a rn r flu

!r

n:rrtfifia"ntrnr:firrfrm.r6u*.r*nr?ufrurrnr:ar to Inuuil#nrrufintra.lffrfludcduuns
u<..^.!
ont'ln1tilJtl1flo{ftur4 1 1n1 t

.P
r vi r n-,r n'u fi "t fih rn u ir.nruetu nn fi r i irfiuq'rn r r n r ( gr fr fl : ;

lu3ufi 5.r*"a1 umuril t = tp- to !!dv F = .o

F

n.:1uds]n1r (5.3.5) as'l#'i1

P va-e
k(r - r )po

ra3 t(t - to)

( 5.4" 3)

<5 .4 "4,

)

)

0 t>t
i)

FF-YAg ln (1 +

(5.4"4) flirfixu (5"4"3)

. - ,o- eae [ ].n ,*oid-q, - i" 1.Ifi.]-F"l : k(t - t )
P

14:0

P

"idiln'trii ( 5 " ll.5)

rln rfi ffr r tus'..r uae6{1fldun r :

YA- l k(t - tr)

d ru r : n 1 ff lun r t n"ru rnm rn r ri.rfi n sa { ffrfi'6uo.i 6un rffi a-.i

$ ") "t) tunt:nhurnmro"n:rnr:6ufrtro.r6u r

F-F -YAelnI I'
!
p

+
;

YAO
E'
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; I < u.- w 4 u ^ - .

n'rodr.:ii 5"4.a a.{Riuxnmrnrruinro.lTrird'rdut i,o"fltrn"}r1ilri'}oo.relufid{slunnrS'ru

t+?'rilrfiJ 5 fui" lilu. rilur ror r jrlru.r luiiu:rurjunvnauvl?1u tnilfin?T er6'r6'r'lflnr:

t lllglutvllnd 30 %

.co .!i6vt1 {1n6?0u'r.r}4 5"3.1, ?a3

.. -"{d1t4:-umti.l [[aJalnFt']olJ1\ 5. 4" 1,

fiilunnfi:tortrriiru 5 dri" /ilr.r" rfia

rlnd n'u (5"1+"5)

1"0 dr. nr r!fi nsa {rTr {uaeauqsiar"lfi

F-F-YA;ln(
P

k(r - t )
P

5"68 {tu. tl-sty k =

= 0 "1? rir. tln3 E
p

o"65 trr"/d:J"

= 0.85 deJ"t r $10
P

t

F .. 0"35 - 5"58 ln (

YAE
YAU

+F.
--_-t+t

P

5.68 + F
TS1'T:U5 0 " 65( r.0-0 " 17))

5 ? 1

0"54

u< d < { u ' i
lL81Q.M1n1 F tnun llllnnO.ltlylUn1 F 0U1.1910 [ua.: t11rJ0U tUflxad1.fl4

rrlas'Ifr F = 3"oa rJN" d.rrhrr:rot'l6iri'n:rnr:firnirsa..:fiurvirrYu

r.<.$1 * rlf

f 56e
3T020"6s( + 1)

1" 87 nil. /ilx.

<;.-i-;
n1t'l.rvr 5.4.1 t1!l?r rn1lrlfro{n1ld1x5uniu?0-'4'l1t1fi1\i.r Ir.Jon11]J[flrJua.? uvtnn

l..l'd<d&d
n{}1 d.g}idMllt?O.ivl{ creen-rlnpr, Ilortsn ttd; Phillp dilnlrvi (1) UAV (2)

rflurlnr:diraiunrhux0pr'rn1r{Mf1?a.r6unru'1fi*nr#irfrf,ruufirfiu alnrrr,i (r ) fiu'Ifl

xlt sus t lnfifl r;xf.: (pondtng ttme) nruJCforrl r #ilao.reir.rfinnn.:fiunc dilni:fi (4)

lfldir.rfuvr r ':nr ro iio uJu, ,or r 3'udu, fiu, ,ri",drf.., , tuflufiruo-n: rg.rqnfiq ciil'lflnu
!r

n: vifl.rinrrilHnsor,Triifuavnur rirn"uliurnnirmfordtdrfi r rar t ud.rornfi r finrflr]ifl.ru'J
P

.firfruu#r rYrfusoonr:flrnf',so{frud1il1i0avr1lfia'rndiJnlrua.i Hqrton rrsu phrrlp-

lnunr:umlor t-r- c{ tudernlrfi (1) uau (a) d'rfifiidiln1:lo,t creen-anpu 'llT
C

ldi#uantl fluf,iorir.lvrJ r. r*. a



r1l1iM 5.q.1

Eguations for calculeting ponding time and infiltration after ponding occurs

Equ.tion Varirblc
calculrtcd

Grccn.Amp
cqurtlon

Hortonts
cqu.tion

Philipts
cquation

(t)

(2)

(3)

(4)

(5)

htcntial infil-
tration ratc as

e function of
timc

htcntial cumu-
lative infilra-
tion as a func-
tion of timc

Fonding timc
under con-
stant rainfall
intcnsity I

Equivalent time
origin for poten-
tial infiltra-
tion aftcr pond-
ing

Cumulativc infil-
tration . after
ponding

lnfiltration rarc
aftcr ponding

K* d0b=i-n
(i>r)

r#)l

Solve for F from (2)
thcn usc (6).

l-1,+lio-!,Y-b

F - t'^o rn (r + 7fo)- rr F - fc, + lo iLfi - e -tl

Substitutc (, - ,o) for
r in (2).

Substitutc G -rd for
r in (l).

1-lst'ttz+x

F*Stttz+Kt

s2li - Kt2t
t,

2i$ - a7

u>n

," =rr- **r( 5r+4/(Fp-s

Subsrirutc (, - ,d for
r in (2).

Substitutc (, - rd for
r in (l).

,=t-[/. -i+Icta

I

ot,
I

(f,<i <lol

to=tp- fifr,-*u r, (r.9f)l ,o=,e -i " (H) 2

F - F,- *u n lffiif,)= *r, -,,r

(6) r=4W*tl



5.5 il?ilTf,T1iluqi1B (Excees rainfall) rtnu Dlrect runoff
4^

uilJlnsJlHuq E ( Excess rainf all ) 6arjt*rrnairrufi"lilfi'rla{uufi lfrnato

liiiruo.i"tllufiu rn'.rarnra"tirndruflurrrr.,duduiu,r.r r.tiurnairiluduBevnarurJu pr"""t

runof f durtarnrrof,rfi'6u,fl n:rr{tra{iliil;lriu4nBriamarv'fa exceaa rainralr

hyetograph (ERii) riJuqqttMin-qiunrrfni*rfi.rnrri.rf,ir#u6:c]a'jr.llfrcuttavtlrvir ntln

ruflndrs:cfl 'jr{ hyetcgraph fl0.:rJilrEudu: run-u hyetograph ga.:rJiurrunluqmB r :r

riun'huirunairfi'g1rfiu (Abetractlon fi60 roos) rJiurrufi{qrfrtrda uiurnaTreiru

^ ,< < . ., c .J.a ! ; 4'.--, - < + e 4 .{ -i a -
tYomon$Jn.i tuf to rnl:rJltuJ 1.:d?ul,l L lla t ad1r1flJn1lfiorl, fiU lflHnl lnnu loiJ l 1fu.l1 tnunn
,": "0uuu ?fru

hyct<-'g:'aph so.liJ;il1fuduqvtBo1aacx1"tfia1n hyetcsraph t/o{ffT ilu6'?u

a tru?yr1.1 flrua{riu'jrrrrfifloryauorih'l,ruiirirnitr:uioffnirfiorqrnduuio'[il1unousiotilfi

trlaentil?fi{n1rvi1 hyer"sraph so{il;ilTuduqil;1unt#r:ridoXori?lrruir'lureiffr

niElr

Auqrfi'jrr:rfi hyetosraph fla.!U;rjTufliluttaB hyetograph so.:ffr"iuuii

rhniorrviaffrvir 1nuffnr:uan basefroH oane rnifr'iur$iffrn'rsr: t iio1fft dn: ttrfrvir

?ia{ DtrecE cuncff unc[516'o.rn1ri11 hyerograph uo.ru iinnrrfr nuqil B ildrur:n

ur'[6']nu1{hlnrr?0.:ii'nr1n"r:flilrf1so{fiu ilsilinrru{rurnft{ou rtrfii#irundrdriun

'irnr:lfl g-ina.* rir 0-lndex fifiodn:rnr:6rXrfiurfrfin.rfi'riJude/dir. uia {u./
gu. fiochtrrir hyercs.aph sa'$J?il'trucu{yrB (ERH) fiin'lufin:':uvruri4 nt}i1fi'un21l
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M

E

m=I

?.mEUgt'tn1 a t rrfi',a

Dlrect runoff nf,ijfll
c o d 4 

"atM 91Ul4A1 r U r.l{Ar4',t tfi

dnga.: Dlre"t runof f , r.. eitro.: g qvur"lfiInu'lflrird
o

r n'an'lfirirqhuruBo.:d'r.r: suc r rarn r: ifiuii,roafrorufi'r".t,r, fi u
!

0 a t ornrjBrroafrrr,rfi r"n"lfi'luusincdr.r unciJirrir 0 ras

ntru6nm.: Dl:rect runoff rrnciliurrufriludiaBirirryirn"u

t,l (R-0ar)
ID

(s"s"1)
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4 4 d-"* 
'I i.to R n0 d ter1Mriili]rl ?n ti tud?.t?:uc r 16'l

m

i,)I]glf, 1.t., a$41nr1?,hf,)1"1?o.r Direct runor'f o-lncex ltay hyetosrapil

flo.lu;ilTuf1iludnG -*rrnrJimruirilufiinl#uasfic'*lailo{,f1.juri+hf1ahano.r 6'.:ufrnl'lrr

tt2
n1l'r.:ir 5.5.1 *'rnqUifrunr r vtrii'u Z"of 'l+16'

a.r. ., .1 *.i-"- - i - iirjyri itriomJ:,J10riheJun1-n1fi'msfloilaili,lrnrrirqrnnr:r{i l S"r rY.rudn.r'lugr.ti4

5.5"1 i.,rr:rq;rfiu"iriluilariou 9.30 p.r,r rilfirfinrnr:hnrfis.:udn,los'luoiffr

(ilrBilTu 000 cf;) *nv Dlrecr runoff e; rfinf,uian-sarn r fiailuqnotirrmuruniu'lud'1,,:

l1B1:g?r11{ 9.30 [loC 11.30 P.l,t"

n1taiu10M'r hyetosraph mvrJirutufrrlu{uBuncn:r*fri,irua.l DtrecE

runoff r:r1fliEnr:d.rsia'ilfr

aA 4 -.,' 1", i
Buvl 1 Ul&111$n1 Daee flow r:rrfianlflrir Base fIol, fia"otrnrm.fr

tvllnu 400 cfs

tfufi a niurom 1n:1yff1yi1uo.l Dlrecr runoff (DRH) rir pr.n 'lu

iu
m.!sl1r1.Ii4 5.5"1 riuinrlauiElflun:t'inunr:u-noueil Dase flord rrirfi'u

, Ei ,j..,. j+
a1nn1?ro{u1 turHulf, 1El ril in'lfi' l nroduri a) t:roc\CfdT{r?nrilil Dlrect

, dJo{ rr dr.: d-"rarni.:r1'1fu.i 6'.rrrdo.:1uerofi'ui 4 rtlornmcr 9"30 p.M.

ai
mJ/l 3 n1U10n41U t,]'ln5 Vd l[Otf]11rJ6l ?10.1 16 flO{ Dlrect rdrioff

non'$ri 5

4oo cfs

runoff

v, 11
E

n=)-
Q' At

43,550 x 3.600 x

7.839 x 107

v.
d

l{atershed i1rea

7"839 x 107

I
z

rlr3

rr

i"oli.-izaF
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Lai.nf all and iltreamflow data adapted from the storm of

i901, on Shcal Creek at Ncritiwest Park, Austln, Texas

T imc

obset'ved Excesq, 
-raInfal l

Ra1nfal1 Streamflow Tlme hyatogreph
(rn) (cfe) (l h) (:nu) (in)

Dlrec t
runof f
hydrogreph
(DRH) (cfs)

Column: I 62 3 4 5

24 t4ay B : 3C ?. I,i..

9 :0C

9:3C

l0 :00

10:30

I1 :00

1I:3C

25 May l2!0C A"H.

12 :30

I :00

I:30

i :00

2:30

3 :00

3 :3C 
,.

- 4:00

4: 30

Totai 4.60

c" t5

4,25

1"33

? "24

2.08

0.20

0.09

203

246

203

828

2323

5597

9531

11025

8Z3l

432t

2245

IEO2

1230

7L3

394

354

303

1

2

3

4

5

J

7

B

9

IO

I1

1"06

r"93

1"6I

426

le23

5297

9131

I0625

7834

392t

1846

L4A2

830

313

43550

Excess rslnfall - oieerved rainfall - abitractione (0.27 tn per

half - hour )

Dlrect runcff = obeervec! Btreamflow - baseflow (400 cfe)



Exccss rrinfall

Rainfall

0= 0.2? inl+h

Initirl
loss
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0

0.5 
.̂E

r.0 
E

t.5 E

2.0 E
E

l5

9 l0 ll 12 | 2 3

P.M. A.M.

MAY 24-25. r98r

IrJr' 5.5.1 Ranfall and stresnflow for the storm of llay
24-25, L9EL on Shoal Creek at Northwesr park,

Auatln, TaxeB.

= 0.600 rin
{'= 4. E0 u?

#ufi' u rt : uurrui ro'n r m 1 :eq r iula $h aulnun r:ihro,rf10 nlll"lu;u un v

nr:tdurinrhl#rfirirm.r#uriq'ufr rufi'nnriaun'' Dtrccr runorr ocrilluncsriunir

n1r{qtiurirr#d (Inltrel eberrecrlon) dr.lrnr:glrdu I rrnv u (aiu?u

,ir#iuir*rr,,,qnililrrirrfugfil lvrrlflnsi6 rrlar rnd .rror

^e l0I
to
E
a,s5.a

0
487

Strcanrllow

Direc
runotI
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R1. fr'r r,r = 1

otlud'irnr: (f.r.r) 1#rir

iiirrrurir atuotfian 2 " 20 U',r iivlunl
m

At = 0.5 d

R,
m

2.20 t\nY

r-

"d

4"Bo u?[!6i

(R-0Ar)
m

t4

m=I

t ?ff1 10"00 P.M-

td

4" 60

0

3" fr'r M= 3

a.o8 u1 u4dn1 [ (r.5.1)

t,.l

4"30

0

= (2"20 -0x0.5)

= ..s.zo f,r/fl:.r.

= Q"ZA +2"08-pr:2xC.5)

= .,0"52 f,rls*. d.:rfu'lulii1n'

t A.t
12 ilN. 

"4)Jtlu 
1"33?

4 .80

0

fl.: uJu1rLlilI"fi'

z6'r u
4!!= z r:1rilond1{rifl"r 1 d . iftli;.nnnir*u4tdn"lu:silr'rr

ua8 11.0o F"M. uoy uvnrrirn.:'lu (5.5.1) as16'

l-
E

m=1
,*_6at)

m

r t't t non 2'l t':i\1

M

E(
m=l

R - 0 Ar)
m

= (1"33 +2.20+ 2"0B-0x3x0.5)

= 0.54 iir / sir.

n1 0 0^t o.z? f,? d.crrnn'iril3lrnl'

ffrilul'rlrsiacdrt'lunodufi z uanrh'fioa'rn 3
I

ilufrvri"bTrfiEr Diiect runoff

drrr rnruolrlufir rl lflunlrRhu? [rn;IJu

v.l
fufi f n\uanaal hyetograph za.lrlilrnahmqvrfr nad'uri I 'lfi'r,trn

v'
#nar.i pAr = o"z? fir qrni]irrrrlrfrmir"nlfr flan'tfi 2 ina'liifinuirurnairrlu4irBlu

dr.:rrnniitirrrurirrr"rfiin'[ffi]rirrioun'ir 0at drrrrnriiiluiinruir*u6nBfia r.s tr"

il at i1",reirfi'gnO'o.i r r r'r e'j1
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(g.:o fi.r 11"es P.i{") *drsr:radau'jrnrrl6nr.ti-rrruffrstudvrBfirirnirriu .
.!'[ri 1udn.o'luor:ro] l.l " r )

4-a45 1tu1n1tdmrdu If]u?fiza.r scs

soii ccnservarion servicc ua.lil rrigo r l3n rtfiiiml rif;n r: niu 1ru41n'u,

grprfiuornnrla,\r aire:-urri1an#.rqn artifi..rra.:rJilrmh*ua'yrFri?e Direct runoff p

c:tu
aJuoUnl'Yr450 t r/rtni: n r rzlan go.rrfr siu p td2Jo luuiuat t dutn"u irn'{qrn r iu r fifffrrh

" -i- , ,.I{i,-"'"{ - 4,,
n'rlrudnsa.,,iihiil-i,nnfrr.roillrriir.iiieiiiffrviuiiliu Fa isd.lri'rlioEnjrniorilrn"u s firrfiurir

a - . i..i d,,ue . .i u <.q I - - dt ,'tndnnf,{yr69Me:Iui"tuIa (flguvi 5"6"1, u.lfl {3J]J r }J'lrul'r r,lua'iit ? ufiu.: r" ( J1jn1

nrr{grflur?ffiuriouilrh.;t-.r) ii.rti.rtilinr:rfirnfrtumiruufirfiu ri.rr?urinirlvnriruufirfiu

(.:qer66a P - ra dilrJfiIruzo.riG scs fiHad'n:reiruuo.:rirduvYei{ao.rrirriurir6.:qn
rel

f,0.:nl [fl1nuna1xfro

5

oB"ifi'rir

d
14:0

(s"6"1)

(s"6"2)

(5"6.3)

e

Fa
3

P*
i5-=:r'a4

a 1nuanfla.tn15gra tua{

P = P.t r.*F
a1n (5"6.1) ufiv (s"s"z1 uffrlunr:urrir

a

Pe

(e - I")2
p-Ia+S

-:-Jt
fl .r r iluam r r fiu5 rud"rn funiil rm,r rnr r u6nao.:d ?r rorir * u4vrEv io D 1r ec t

e 6.1runoff a'lnil1q0Ju lflti 10 scs

lnun r : iinurHaq rnn r :noao..:1 ufliudui*l.r, 6n r liu :u,r rnm:'i'r

Pe

0I 2S

(p - 0.2 s)-i;=-o.ET-Pe

arn (5"5"4) r r1av"[fr'j1

2

(5.6"4)
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P = P,+ l.+ F"

4567
Cumulative rtinfall P in inchcs

i-;
liltt 5.5'1 nltuJ:'tun1:u1n1r

6qr iutc,nl i l rnair *ul nEriEuo.t

SCS, I. = Inltl.l

abatractlan, P! - r. tnfe 1l

?xccaa , Fe - contlnulnt

sbetractt.n,. P - t.t.l

rrlnfel I

t

E

Timc

2 3

BE
,E

;.
oc
e
IJ
e
tt
t,

5

f(J

7

6

5

4

3

2

8 9

Graphicll rclution of SCS runoff equation

Curve Numbcr CN = ffi-

P,
P + 0.8S

(P - O.2S)'?

CN
95

E5
90

80
75

70
65

5560

50 45

40

25
30

35

20

0

g# r.e.z n1l ufldrnlrlnun:1il (ixfii scs run.ff cqustl.n

t0 . l;

t
I
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dv
l1nn1ri4aoflfailndiii51 F

-! -!

1fi.:6.:rrdn.:1ugi.ti' s. s " z fi.rrrnn.16.i

rr6J r arn#u,rr'c^rffraiu1u\1n scs fi'Ifi'ei

curvc rr'r'rmber (ci,r) sirr r il.:ilrirog: z n'lrr,

o< cN<100

cN < 100

d1t4r-u#ufi',11yiilxr.,irulri'Ifl'rinv'ni,ir cii = 1oo niv:1flunxrt::rtrn,

r:1a.rri1fi1 s 11n cli '[fi11ndiin']l

1000-tT,- (5.6"6)10

ngM t 5Un?1

( AI.rc r )

'ifiqrn

rtau

-<Ifiuufl [ almJnto{nJ

ftu b filnno

23 cN(rr)
I0;T:Tyt'triftT)

d ", at' r rr[ila s d,idilxutiJi]tx curve number lrdn.llulJii 1"6"e o i,1fln"udn"lu

Antecccent Molo rure condirione (ALIC I I ) dir,rfu*nrnvirriX.r
).,or eu-rrwfirliun (AMc rrr) aadl ']:nniulrLt41fi1 curvc number

CN(I) 4"2 cN( rr)
rtr-1r"T5reNGT,

(5"6.7)

cN(III) (s"5"8)

Seil. Ccnscrvattcn Servlce "Lfiyirrf : rtflir:"it curve number gilt "t

( soil type) un.in1rlflfiiiuriirr'ru5T,r run: t dfr*i.lo o n r r'unsilaat,

GrouF A : Deep sand, deep ioeee, aggrcaated Bllts

Group E : Shallow loess, sandy lj,3m

Grcup C Clay loams, ahallow sandy loen, oolls low ln crganic

conteot and eolls ueually hlgh In cla, '' ";"

Sotls that ewell elgnlficantly when we'-, heavy

plaEtlc clays and certaln sallne solle"

Gr..up D
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n1t 1.lx 5.5.2

Runolf curvc numbcrs for selected egricultural, suburban, and urban lend
uscs (rnteccdcnt moisturc condition II, ro = 0.2S)

Lod Urc Dtrcrlptlon Hydrologlc.Soll Group

A 'B C D

Cultivucd lurdl: without comcrvraion Er.t rEnI

with conseortion treetmcnt

hsturc d r!trBc l.nd: poor condition

good condition

Mcadow; good condition

wood or forrst Lnd: $in strnd, poor cover, no mulch

good covcr2

Open Spaccs, hwns, parlr, golf courscs. ccrnctcrics. clc.

good condition: grels covcr orr ?5% or morc of the rJcr

frir condition: gnss covcr on 50% to 75% o[ thc ar.E

Comrncrcid end busiocss rrcas (85% impcryious)

lnd$rdal diskicts (72% imFnious)

9t

t9
80

78

80

E/t

95

93

83

77

98

9l

t9

Rcri&ntirll:

Avcra8c lot siz.

l/t rcrc or lcss

l/4 *rc
lB *rc
W*fi
I rcrc

AvcrEgc tr impcrviors'l

65

3E

30

2s

2f)

92

87

t6
t5
84

9thvcd p'ting lou. roofs. drivcwrys. etc.5

Strcctr lnd ,ord!:

prvcd with curbr lrd slonn tcsc$,
gnvcl

din

lFor r nro ! dctriled dcicription of rtricultutrl l.nd usc curvc numb..!. rcf.l to Soil Conscrvrtion Servicc. 1972.

Ch.p. 9
2Good covcr lr Fucctcd frcrn grring urd littcr.nd bnrsh .ovc. soil.

lCtrwc nombcn.rt comFrEd .ssurDirt 0rG runotf from the housc ind dnvevey ie dirrcr.d towuds thc st cct
with r miainpm of roo, r.lcs dir..tGd io l.*rr sh.rr sddirion.l infiltntion couid occur.

'aTha G,rrinir[ Frtiollr rrllt (hwn) e& coosidcr.d lg br in good priaurc concition for th.!. cu.v. oumb.rs.
5h torrc rt.IIrlG] climrtcr of ttre corntry r cupc numbc. of 95 m.y b. used.

't2

62

8t

1t

88

7E

86

74

6E

39

79

6t

30 5E 7t

45

25

6
55

71

70

74

19

39

49

6l

69

89 92 94

88 9I8t

71

6I

57

54

5l

85

75

72

70

68

90

t3

8l

80

79

98 98 98

98

76

12

98

85

82

9E

E9

87
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nlaa{ cN

l,llnl cN rtiJUSXu

oi v, i-un r : 1 t'yiir., ir,ru ;ir r r un z disrzo,ri rr r rrri",f,i otrn nu

911:1.t14 5,6.2 'arrr.ifieiu,irifi dnsa.:fiuunrudieruncnr:'lffifiunaruuuu t : rfro tniurru

"i : ,t ia ! c'4, .. Si, _na0u1,lvl 5.6. f i.ln1u't0I41iJ tiJlfurrl lQ 1nn1: itittliJfln 5 iJx uu-r,rui4 uirl looo.-.-
rarna{ loufinrj*rao.ritrfil,i'onrufrnuu:nrronni'aurrfiilnrirr e 5o rrJa{rr,rfiunvn{,.r c

lo rilo{rtrfi n, ,.'un r r^',rn-ro,i,t,'ntufi'uir,f'l lnu*infi'irirufi Anrecedent Motsruro

condlrton rI rnsdnu(}8nr:'[#fiu

e ! a ii-.r , ",.-m.:iiuiiado rClaTnul :o I so.rt{ur4yiri, dirglu'lrJ'ki
ad ' . .io& i-.., .,,-

?,c.r1flJylaH01flu i4rJru 55 7. vnl-1drJfi lu'til'tfi'

t luouuarnut lnui]durtuuacvir,rfr.r,h*u

<v-!{ - < X,:. - ,-".
rJuhu/rI iin lnu]] 50 % fla.iv{4n L i-uHcllnnrtaudl-t,.J [[8ii0n 50 %

qXi. ' 4
t uumJ,,tllul'l nfl 1]o u 1.r fi

r du'i'oan:n I:.: r 6oirr,nyd'u r i i.: r 8uiu,,iffrfuriru1il1#l

-vseiahted curve nunbcr lnlldnr:r.rfi l.g.a

40%

12%

18%

15%

1t4 %

sd c?E'.1 n1f ?0rri1fi1

na !a{flu

nr:'1ffi6u
D c

%cN flno l 7" cN Rnfl[u

da{orf,u (ro % ifrfurirulu'Lfi)

vriaqjorf,u (er % ffrfirriruk'1fi')
nuu

firfln : irudrnqr:fi

fo{nnsr.rvr-r"trt

7?

85

98

61

69

OA

1lr[c

) lu

882

2\t1

276

586

81

9O

9E

714

?9

9e

16?0

540

482

296

)16

9u5

Ir34o

20

5

9

t

4

.7_

50

20

o

9

&

t
7

d4
aanln trngau fr

t'ur 4o38 50
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AI,lC

Weightcd CN
403E + 4340
---T06--

-10

1C00- 6.r-r-"
4

= I"93 i.l1

,(P - 0 " 2s)-= GT-.o-]8sI
,(5 - 0"2 x I"93)'

5 + 0.3 z I.93 3 "25 u?

83,8

I00
-cN

C
5

P

n10u1{yt 5.5.2
8<" -E< t I uq4a.rflii.l?ruir1!i lnnirrrrarniruyieilffriidnnr'.:r,rilr fr'rduiisnri,it ilun

26vt't

Antecedent l,loisture Condltlon III

it't curve Number flii fu AMc rrr fifirir u virfi'u cN

rr'lfld},n1r 5"5.8

E3 . s n1u'ld

cN ( rrl) 23 cN( rr )
IIJ.; 0ll3--ciilCr:-)

23 x B3. B

roa-u.I3 ;i-'83;8

92 .3

-Y9r{uu

ICCO
CN

e

-10

1000
,t'3 -ic

0 ,83

(P - 0,2s)"F;-0:5S-
2

P

2(5--5; 0"2 x iJ.63)-0;6-x-0-"gr-

4"13
s
u'l

o r r#u"irriljiuronfrvir r ufi'uuttqrn'rr r ild'uuril auc 6a r rjduuoT n
g 4 da= 0"88 u1 i4l0 lvlll?lu 27 %\ .13-3 "25
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n : ri,rir].rud': tirli yi r ( un i t ity ilrc gr ai:h )

n: trhij.:rijtuffilir (unit hyd;o3r.rph) tJu ':nit prilse respcnsc

functlon go.:iii!lJqun'ii1u'1[ t1{ [dunr i (linear hydrolc'gic system) rduo'hf,Ifl

rtJue#.rutnlnu shernen ('193?) n:r",'lriij.:ujruffrilr (,fiuriundoirn:rrtrli.:vijru,
. lv j,* .i^

untt-graph) }ctir'riiqu'ir *,r:ruiit n:rr{ff'tviraot Dt"."t runoff (DRH) virrinarn

Y .r .i , 'c Jci-*. - i i"
iliilmjrlu{ild, I ux (i4ra 1 rlN- ) flnoiJ1.rdrJl t fi}la lfluvltiju'lfliuaal'lMrln',l Iun?u

.i "{ " i ' I
t18111tnng til:id;uin Sherman lgfi'12'll4u\rfii.l?u rna rrdn.lfi lrfitrii?u t ']fl1 ttfi'i1

u V a e .,c n6 .j, a i
ran'.:q rn iiu r ilufii,lN1funnn tf tun l lNrxlEjvr-'i1r ilurii.iuurrtnrru6nuo.uJi,.rrrurludir G shcr-man

'ldfuunffrviraon r m-flri.firau (surface runoff ) invri,virlfiGu (Ground water
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.t
o

rh

I

I U( 1) dr
6
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n1r 1# 5. a. 1 i'r1r1nflhu?om1n : rrtrhrirfi' r iamnrrq*u

t 181

(dtt.1

I 1n.]

(u" )
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0900
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:i500
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21C0

?400

0300

06,00
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2400
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f los

u(3, r) lou(rrt). 25u(3.r-3): 309(3,t-6) Bree

0

3

6

9

I2
I5
IO

2L

24

27

30

7.i.

2-i

5"4
4"0

0

0
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94

7I

54

40

29

18

IO

4

0

6.0

9"4

t"3
I"C

0"/r

0

r50

235

t775

135

100

72.5

45

25

10

0

0

1E0

282

2I3

152

L20

87

54

30

L2

0

10

10

9

8

E

9

IO

10

I1
11

t2
LZ

\2
t2
L2

IO

70

253

3I4

239"5

366

42L

313 "5
228

160

109

65

42

24

t2

*
Tot.al FioY; Baae flow + I0u(3,t) + 25u(3,t-3) + 30U(3,t-6)



2!n1t f,lunr

1)

z)

3)

4)

!)

d1

-:'.35 -
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Ttne area }1IA ieochrome method

snydeE'r method

sQE Dtmcnoion'leea llydrogqaph

Teylor & Sch!,rarz

MJ

6.3.1 nattonal MsLhod

..r!. .-rJ. ^* -{.td^.. -1
ib'rl nluitiiilu,i'lfflunr:oonuuu: xru?uir1uI1iltlufruii r tltitflrlurnur tilu

t?i1u1u fi.rruTiri/uauiqnrrjouoqjfinrar urirrrradrrrd'i'uirlf,hinr:o'ruron-ullYdru

6rrduC'0uulffi'u uulflrruingo.riEfl66, irlr.nuom'lu#,rdarir'.ra-uri'u i'rua-qrrorr;rt#et

tro{cu r tuncarnotir.!tior-iotfulrtadrsl*iirJ{rqo a'rrrn",:ufinrrrvircvtixrf,r^unrrrio

fit, rn.drfllrn11h#crfl'tiaastrfi{vr.:aon (Tc, Tlae of concent:ation) ilnefllol

nrtut#rgg.:il,r a u.rfi#q'u,f. a fifiao'n:rnr:}iorf,rtal:vlru ta ttnva'n:r

druga sa-Rt rnr:],iand'.:neir:;ioa'otrn r:'ira{.rc!n q ( I
'ir Runoff coefflcient c(o<c<l) d.:rrdn.:o{iu

{ t nfl'.ru:J t 141 Tc ) t rtt ign

Ratlonal Formula

a CIA

Runof .i coefflclent ttGU t flu8n ir0rY ?j0 .ilfJ

6.3 .1
I

tlla
t

;,'111ilqc

r - n'r1urd aa.:*ufirfin#,rlutirorrnr r"

^ = fi.,fi4*rl

o;f,,rrnqr'fiudri#1il'1fi"1#o'nurusmlfrrfiu1u,f.r4n.r sr-rludsi:uncril Runoff

eo€frtcrent c ufusr'-"ru:dfidafinirorr,r.rrnfi4nsa.ridnrefl nr:tflrirftu6nrrtdnl'iro'ri:r

r{autardn:rmtffrrir{r4nrieo-o:rnr:rfincurliufirfirr'4u,flfiti.rofi d.rliinr.rn-unrurilu

ci.r n1:rionfir runoff coefflclent d, nu",rt*Yrflrrijn'unrtn'niulotn;iJ: udn

nr:dta.uinqanivri;r dodruso.rJiu.*,tu#o*u*irrufi.r.ond:vurarlroanduaqjriu rua{-

r fiftrr:iutrrm.#rfl' or.uu'rr,, uoyn'nurucnr:f,.rffr (pondlng ),uo'filfi , fi.rfi.d



rfrfuiltffl# ' tdu ecphaLt uneirdtnralnlteir.r I ouni}[rfii' runoff fu,fiu,
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n:rontt'lut{urrunvlnu'lthrndru 1lo1n1fl orriral.#nr:frarr*l#uirlu,oonrrrvur$fr

'tfiiifir uoncrn$ runoff coeff lclent ri'.:duogifi.loi,t:,rulrrncdnrt?ia{eudnfirg dn:r

nrriurfraa.ifrirrroou.,,it!luunnairssiardo,.rtr.trriao r,,or,io.o#uoqjn-u,rrrufura,rfru

riaurfinm6ntdurfiHrfiu lyqq-udu .r iinnn:vur.rfiurir runoff coerf icrent 6fi nrru
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qa : f,uu vui'liX'ldn'u#uieirnir au rn r 6n 1 n uii
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S = Ur'tUU"trrrrrO#U;'frr1i

rb"lrt r :roau\nr:figori?1

Rattonal Eethod iYul ii*r.r r mqmfi'uor ru r due ?.:
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dur rn r iuun:rmio,ni:tnfrririflo.rnr:1lf n-ru rir.: .r 1#u*;l1 fl uprJ e. i. r. r
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druiun:rrtlirnjrtnhvirlrn:g'ru snyder ruir
aJ1: l.l baaln lag lxlfllJ

t
P

t c. c ( r,r, )0'3lE c

6.3.3.I

6.3.i.2

r!a t innirBrfil flu

R?'ntu1?ta.:xltrfrya'nlrn rnrirlaan (oucIet) eu6.njn'lU

9 d r- < i .. ifrtMlitniunu ruun tntilnt (1{ra l}Ja)
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' *, lglr:niu?rwtr cr unu c, l'ruil{ufrdilnrr{mfrrir r;rctuhnli{atir
.i!4.! L lrflv Lc e rnur4i,lq'uifr .",nnr.mdu*iaurfrriT m+jrnfrdrfinf,u (Derlv6d
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.,) ... tP - tr*+ -1- [-:- 5'3"3'4

Inu'lihilnr: 6
P

fidudruo.:

1filns1{ 9pn qP

ct usg cp

rtflB t t
PPR
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tdufiu6:vrrdr.1 ap uo sdn : rn r:lmsf, .iqfl /iafi{fi rjuhr,rf .ruriru 9Pt
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ot.P.P

h-
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I. i'l rltt"t1ffr.0:1lJ t 2n1 to (baee trr") r firdrlrr.:ru.rn r "tnfrfi'r,n jrrrf",ri.

dur:nn'rumrar'lfiqrniafl'nlf,o{fiufi'ir#udnrulfrrf,unrrv,hrfi.ntirsffrvirccirirr?irriu
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n1?1im 7. 1.1 Spl1lway Dlacharge Equatlon

Splllwey.type Equrtion Notetlon

Uncor,rtm)led over-
flgw.ogcc crcst

Q = CLHttz

Gate controlled ogee a = lJUcL(ul'- n!')
crcst

Moming glory spill-
way

t_fs 4

Q = Co(2trRr)HYz

0 = dischartc, cfs

C = variable cocfficient of
discharge

L = effcctive length of crcst

H =total hcad on thc crest
including vclocity of
approach head.

llt = total hcad to bottom of
thc opcniog

Ht = lolal hcad to lop of thc
opcning

C = cocflicient which dif-
fers with gate and crcst
afrangemcnt

Co = coefficienl rclaled
and R,

& = radius of the
flow cresl

H = total head

toH

over-

Culvert (submerBed

inlet control)
Q = eawDJzsi W = entrance width

D = hcight of opening

Ca = discharge cocfficicnt

Sovcc: Dcsign ol Small Dons, Bureau of Rcclari,ation, U. S. Department of thc lnterior, 1973
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jrd*rir.: r,ir; r : rin': : r'.an-unin r,lfi 'jr I I 11.j 01J.jl {'[ I n'Li

ffamfiieirrfiniu 'Ja;Jralrtcnii (r:..rss bour,dary) d.r,,i-'iau:rllltr'tdfrrialr'rnr:
r ? rcr:- .t -: .i . ? q u ! v 

^ 
d'

nlnuR?od [ ?r'iri]o.1Inr L.ir,i'r':Lrtai4r.:lunitDdnrJlnnlliladicaln.l R.:tilu arflturl1l"t\l
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8,2.1 l}4fl1 [flOtAdi,1!,1:'rLr 'i00 cfs
.l

50 cfs (!?Jii 19 .950 ; e9 . ,50 , - " . ' " .

t tdn.. j idon.daij[-,]'j,)i-.. jJfl !nai [ flJ.!yl{n i i.l t-l

) r:rnqrriii'i idr, drrirr 'l ;ra i?iaiJ'6t'i; tli9l:.1

flodriuflaurwl?io.l.i?u,aicor,r're'ai1ffani$rr,irirrrrn''l:"in'lifia,ilnfino6n-orzuranlot8u
. Y '....i ,'lufluno IJ d.rn?1 (vr5],1'1n21) r ii&o d 5adiiuri"rn'l ,1

nrt ri.:al':.:arr#l (Ciass intervar ) tttiv;lrit,iijttal clasc mark 0-r:

ulna:,i9{nn i i; nu rfuoJr.lllL -,nnaa'nr;;r;to tn: r;,iri.yi.:u r.ud laru*,ru"cy hlstogram) fl11;.J

n{r.:finorulrr;ucl:lr+ilo.r,,{uq;#us{rYuti'l.iiraurirXa:,\,nu'io;isil'ufini,1 rravo'nr*lvaa.l

#oXo fide rruvr:ioJrirlruuuli'[unr:dfr.:n: l{uiite,r ud spregei (r95t ) uxvuli'lnr']?,1

tuvi{nrr!6nr:lcfirfufio,rt , fi.: ao ilu steel trnx ?olElc (1950) rtueu"l'jrtj'a.ltc s

#u'[rior: q crrrnn, rr,[01ufi'fioriu*doro.,riru r i,.,, firo, rru',rr-r.u (stardard devtation)

sa{fro{a Srurgee ( rga5 ) rru:uii'iaiu':udud tlr: nc;fi r'rfi'q tn

[?i0 U

m = J-+3 " 3 logn

m =, 'i1'u?:li;u (Nunber :f cicsecs)

n = oiiir,-t ;.to .: iro ln

8"2.1

t'ria

'[rii'la;'lfr nru;irl.r,--inn'er ii a:fo.e r1'[ijrrr-1.ivdi]rd.ri?-rf i1 (senslvity)
!

ao.rHae'*dr,i1f i:rr:r'ti;:,.'.:rn-rirriat;rr'r,;"lu ii.iiallii;'i .Ja; a !a: ruo v t o*unoon'l uo,1iir

! ,, -,..i < J..e q
u{:ilrluuhu 51uBc { oi,,r iL]flu11r rfi,.''iu r Jii;ltli.ri't,ir filt,l||uuvr'iiirruua uaa.:nrril6,,i"rfi trav

{.:ci&'uliu rYr t Jul.liiir.li,,il.,;-i.i (clcss i.nteEva!) tr.tr Y class -ne,r}< or:l;tfiutaz

a 't i.l 11r I F]



191
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.uu$egruglup uulcEpnnuul4ngrlu;trytrgiruS 0urttnl@!,wept ilounu uLuuutlrlag

rursnulrFn-t ruoup ug.uor$uesun[rurlgptrJ LRuLuubNeosu],89n1 nglupnptplruptt

,'a p* ueerlneufls@urlsunftprnfllntrLpr4r.roBu"guu.pnpnobgngnppnpungr,rrutunn
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i*qir1u ii.rifr'tffi utr,adruaro'r v ttunoon"lfi [ Ju i sotropic anieotrop ic

hereroSeneous r-lflJ torooScnsous 16o lr{rriut einr< iarrnlufliarir.r r rhqiriufi'

d---
tUu lsotroplc .1,i.{inrlrJuhft& 'l I d,]iluiln r i,tr",.,r1n..#nrun,n1# ciruo'rnar.:fi

dlt.t;1tfu Antsotropic r; o.itrc'rlu,.r-o.rir +;. ia e airtviti',ro{n*'uiirur.r n'rarjr.:rdnr a-nl1n1l

iltru ( perneabi i,-.;.i, ) a{6'?nnf .i^Lutrult'rua 1aa;ii'lnn "jr'lu*ard.r sr'':nnrlttuu
.te

ftererero8enouo r;,.lnor,*'ufi"iridl"l t d. to'l;'lr,l:a!o,i airrsotioplc uio lsotroPic

taEun?nn1.: Horrrcge,:--cs alinzuiluidrir.: "l dr'1[61N0

9. 1 nr:n:celuaa{i!i [d,riu

n ltnl Jalrjm.:i", r,ffui',1 3'i:;;s; Lritcan'lfir'5u aerarlon zone uas

oaturalion ,or.,. 1urltuto.i setu.ated 
"o.rn 

fifio r'rufi'do.rrr.i:;u'irt t firiftivr":nun
,d a t

ecfrflut'510H t;r.ll1. hi;rl'i:-,dl,trlijd liydrosratic 61':u aeratlon 2sns UU t a.:x f .i

. d a '! 
.::mrtlt nfruay+Jl1'::ttt tiltar'rtu{ il'l 1irarlDfl'et ? !.lyu.i louill1nd?u gaturated zone

aC0nf 7Hn21 gro,rnolecte.: ::orre [.nJ '<dniJnacnnru{ r tun tuu

.. l...
I SfiriOU 'l ntdxufl2rjrit! f.:rirrO (

1, 3.,i.i i.Iere.: zone ,ruiur, iraanirfrutta;ttdaurila.o"lilsiruuir rrur rer

r1nfid n?1il6nza.e':ffaf,tra;:;r.l;r,n:rir.:riuoanlufiir{riu rt,lnuorfrurrnriit rts,flqe1d6'il6")
!.

drrnlrunr{u:;vr"ji.:i',.,,4,i6e1'ln',:torrrrqi, firurg;d'rodr*r1rntuj.ll[iJnoanluo'ntfi r

U:trnn6o Hygri.,c,.'o::c ,.ra,ter ir r Surhfign{u;llalnolnlrl capi.llary *..." 60

rfrfi'6,,ne't{6'ruu:.:6':;i', iLn; sr6.vitational weter dt riJurTr'lufiusiru, n'rii: eu ru

aona lnAuInHu: rlii:r.lrir.ltro.ilnn

z. intElmedi.ctc z(,nc , unil,,, , ? r,ooourieirueir szro.,,r go11 water zone

'lilih"and{4noa{ c,. riilc;y f "inae 
([nua 1aaufifir1fln?1;.ffluT rhuiiHoru'io4eroirfi.riil

i.{,no do,orfllnurril''rt.iLr*'rff6erm'ri*i.rvir:;,1'irstm"tniifrrfruriursn'ln#:vfiufr"ifi'du

d.tlrr#r,u ou.o rCh.ii;r,i'iu

3. Cr ,!.1ir::. y zcnc , rod, iro.n rcftrffr lffiunui.:nrr*16$r rirn-unrr,r4o

r1: i/l

*':u aijratlon zonc

9"1"1)

'UO,i Capl l lery : i..e j., {if11ti6u iitfr 
'riuovarrr:niizurIri,u"il"lfi' 

ce.pi I lary zone
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{ 4 3 ,- A. 4 4
lc turnfllrHauri;ta.inrLiaiulLiluala'iJilfl11}r14u'ltl91nn1{riJ'lJfl"]!tLnnttBfl trnaJ[J

. - , .., { i ,
uu1?l'l'l{nu ld t dlluvtL r)ri ir-lllannlL

- ;1 t da <e \r^ tc
11. Satu,:.rtec. Zone ILl[ilflUEa{-r1n5:yliln[]l9ln'J'.,rirRl'l titRUAgInil

r .j i - .* c L p:\i^ s : - -w- XttdYnllr] tUU0':1r.1'];r.Jd[;]10.rlnrJ:+J1t1: InrJnnA0nril Illfu Lnirflln U1.j'd? I0.!U1U
!

(Speclf ic rerenricn)'tildrrr:nfi.1:to1oone1nAu"lfrff1unlldu'a;on1lr.ruluif1[]'111,
4e.4!l,q-c,-i

r$nnnac{1 [ annttflv ttt {n\;n 1 tpec:.f .c retentlon nnaon l']d ?u?Jo.ru:},l1r1l aa { u'lvl

4 rw -?
n{tfiflOAU}4fi.f i1nn1l5iJ'rLllIltrlrrll.i!r{01.!ilant nLlA? flOJlI1g1l ?Ja t,'r)Ur4.:r}Jn

9.2 llUfl?,0.: rq': !.f ':,
; ..'*.. , ,,.,o' rq +tu,; 9,2 1 '.lsrl{n!d [']ti al {ndl1 'lllJlN'1rJ l9lfll4nn'"r 1nflaH5 diil'l1'lf,iJ9il14:0

fiufi'a-nrriuula;,irrl*rirr'iij L#ilaurnrjouflr.:,Lr'.ir?:rndr conflnin6 laver fufiunia

fiurueirf,qrilaouLrannlil ,bl1un-{oir.:,riuilnounilfirfrl#r,rrtoful'rutrJ'tfiai.irtlntidorn

confrning 1aye,r liuuuiuS.;f,a r: a tiulaudui,Lr,r''nn,iunlrYuodr.:du'r t draqun: v nJ'16 'i

firruirfiu Sufiu4ntina:lilo',.,t'r.:r[''rriarriacdrtid':;rfirn-u;M1d{vl5x;ovluta glfi'9.2"r
-:

ecilrsnou!.1fi?il aquife;' e oiu i.r aqulfer rrr'inva-uq vili..jiurrufr"lfiiufia:uhiirlfl

'ldlrniloutfiu.:1n fidi.rojri'unr: recharse ?0.1ff16i aqulfer 'i1n6rrtr'/14 qrud]rllG

f.in1Efl1ilr[avrnfi;nifrlrrurr',iaa.iiu'dnrrr4iarnrrl a'nrxulla.:aau t ugttro.l aquifer

ftt.ii,lnoqu unvn'ln::.rdrii "r ?a{*ruEf, n2'r:(:irnJ1:riinr:drirqvflue.iru&ufru,?ut:'rrTun'iT

soit permeablrr.ty 61tJ,r aquif er 6 rnr: i vinrr*rd'lil1r0 \rff"T ftrai1u'Ifi'oiouf,r',16.1

#ufrudrufiaua:lfi rqu.rer irona'lnaetJu ?n#ufrudfiurTrrr#r arsaerJudinear#u6u

na ldu

.:{, 4' .i o^
1. Aquictrud:, trludu?iflou 1.:19viuilltuo,,ltJ111nn15ltdlt dtruvl1.lDlrx?v]t,'1

6.la:rflusirrin-ndrn iu', irnruotulfiff'rd\rirufi'rsoir,:uro.:"ifit1aurrn orir.l"t:fi6 du

Aqulctude aT 
.l i;i.{,l'?'idfi1u,r-rl,runnonusirirl vlrjiln r: r ndo,rst-r t au td'r' frraa.:fiurrfiur

2 . Aqui!r!.q e,,Jr#ufiuf ifr{uriru't l'1 fr 'tiorrurrna J t iu ffT rrialo'ou,iroon

lr'[ff rdu fiuLrn:icr
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3. Ac-ultr: a r JuiYu,ufrful',ul dtrnn'jr Aquiclude i.:t:rarqrg

fiqr:rxr'|fr'ir r iuf':i,iir. :rri , ,iffrari r:,rillilru'tfifiruii'n:riidri,.,'rn udu?'ril;il1nnirf,.r'alr,

ifiuui.,ra.,oa r u',n r.n,t:':,,,iilu .yur:erd it tarla(-t,Jd,i r Jlrui r rr,.fin ir tr rr.: uanqrn
Xu. '' . .- P d {
lfu Aouirard f1i1i:!ilrtJr'i;;;.rtrc.,iu.iLrJ!ti,liuor.;i:rio',i:;,ii1nf,uu1.r'l ll.iriu

rn'iu:#oua{1 u;-ii r:ctl.-,,,-:rrf,'r,{
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Unco:l{in.d ,!nd conlined aqu i f ers
:

ijncoflf :-.lei rtuif e;: ( lJrr 9. z. 1 1 qu
i* ,.,V "' , .n LLJ ?iul1e lnfln1t

9 .2.',|

l.Eeraf-r,
|!

'[ua{uto.rrTro{n,io:ii, iorihvlnttanrrt;r}liir16'iruiet:;,Irfifua.rtJlur1ufiriu o;'i,'r
,'j:!

findru'luu-.:da.:'jr.r';',,,.1i;fii.iornrfltj,iajr;iiod'u sa:urared zone rrfrrtillnnrflra'

:cfi.rffr1#6d :vffur:i'lriiu,iiaftrurdijufit'tlfirrfft1u su1,,."sed zone #u ,,nn , 1"

,rf,riitni., iiuti,.rriu r.:,irriurir rrr.',ilao tu r: li n r fl fi":#unr: r nicBfr'rao.:rfrlffiuf,i.r r fiu

'iilsr rroiu r + so.r u: < i: rir liclr

conf irr:rd ai'a Arteaian aqulf er t 3rlil' 9 " e I ; a:iidu6,''fi'qifinn r:
'LuOtl;lao tiftagflt,trt rt Jqir.iJ Ji (:l'l'rril1ll1l nii:.J9r 111;.iC.511191n':l1 aquif cr ttfl&IJn?1{

--, .t ,. "." 4,

duurnnrtnr ll. ril:r.ti-i::J'lr,',i, t'l}Jkil!41 llit\13 6quif er nnt1'1g4.!'[ fr']U to,:f nf'*

li l0 plozonctc 'Ua
1 i .,i'. f r .r - l'actir:;lt;,llac.;1'{r i,l-r }r{xneirnu0l ll.rriu?c.iU t: U'tn 1fl

f.rgan.:6{nrrqfi6itiT:),: i.c.jif er jooii',.n'.rr.., rrt:#.tffr'rid.:n'jr:;d'ufirfru

riil;'luooonarn;.,u.,,r*;rrt.,rri;,ro;,f.r.r'iuiafurrrirrrirfl,doir',rin.r,.'',

,aiA piezmctrlc surfaceaqulfer t l1[ Siliii'i :,oi.flEiomjt.'ic

9.2"2 pc:::ircj ac::rtcr zluiuilrJufi,rt';'du1 iofl:Jnol.lvltludfufru#lijurnfrt

-! ",'i 'i. r t .. ': 4 2
/lr0idfloi.t I ;4:rln')'t:ia- j'tJi' [;ftti!rj']ir'lfirra u fr.,rr,rn r ri fMoEiorl "r o't't't UMJ 5'tn.l?lu

" 
,, ., !*\:/. .- i., ,t U.{,".-

lurJ 1\ll{u txu0?rtul,l1 t,'ii,t J'lr4'r,Jffflor, lu-i1nft1Rrj1llil;;ilnnn !inldiJ.Jfru!l il'l tulnn
,t _i,t ._ i ,r, q

satuiated zonc J,tj,r'r .i t ':,rl*un'rr rdo tr-'i'ulnni [ 'trin

perched watc:r r-abLe

aqulf er iii.i t;,:YlrrTr t:''.1tt

inlal r frai un6aturated zone

Pcrcired aquifer nn0 unconflne<i aquifer
* . z ,., ^../ .!.- .e. I
ri t ilth.l IA{ d :.JnLJ^/i').]lliJ\r,1,:lill'lti i4rDn1: til d,4fir.lIvrtJ aquifer i.l Ll

Ha:er rable i.^o- r,Jr,,,*,,"-,rroiofllat",rfi16', i ?ild s. a. , i

perched aquifcr
.v,
9U53q11.3 perch

i[fl3

i.r -'4 flnljilti;

perched



. it. i-r , ,.9"2.3 Leaky aqulIer ni: aquifer ]4tL R'.l1fJ 'lll]Jat'lL lflLj1unn'l {
8{(Semipermeabre) ALillLA:1li It acui ier '.;L q Aquifrr lrUUUtYnnalnn

'lun'rodi',t n'n flfli"-reana'rfi aqui.rer uirr,r,,.r".:uil:iifi r.nrrrdrinn-jrrirfi'nn

- " I ' u^.i .
Aan l lnfl?Ux-'lnaY LflC'rnn'llI'ln{L': i,L t!'L 1''l {}l1UflU FUn.:Q 1f r:.t\l:).J'lL ': aqu lf er

lnuurn q
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Gro!nd surfocr

Diovdown ctrvc of
ficrofileldc surloce

.i !
tljvr 9.2.2 eflutr3oo.i

Leaky aquifer

U. {.= R'11uflluDa n$Unuu lauu

,! e.J .o_, . , c.= U I !.lfitfla.iU luaiy'l lltUo{?1{tCx'l't.ttInAU

irn"r'ir..t6'rurlr

-t { q
= flaU:rJltllyl.:xlJRta{fl AUnu}lta}1!

qtildr r :Jr ruo{ r nrd n'.r :',ruii 9. 3. r rldn{fi i'i1fl ?'rxrilu

9,2.2)

Conslqdl wolcr loble ond
gioaomelric srrrfo<€ boforc
p(rr9mo

Uncontin
oquitcr

:UYln

o

t
I

Lcoky
oquiler

uni/.9,3 $XB{n 1: r nn8a.lU1 lnflu

uoi^r . r.i-
u1 tfrfrulrluri{n1l r nrrag ilgn 1 J i.l I Yy, t 1{aur'tflml?la {fiiRuu t nna 1nn'lt

riafrtnrldn rwrr.:Erriivlu'r n l lrlr:u ( poro I I r y ) r rfun r: iorJil rrudo.r j r.t
e <l

I Ct411\:aUn 1flnU tRUllRl t14 "lnU
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lmparmcobl.

lJA rl
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Lcoky conlining

lo.molio.
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n'm't.tvr 9,3,1
Uq...

R?111{tuta {flunuv L tjurlllnJ nau

'Eo t Is

Clay

sllr
Hedlum to coarae mlxed gand

Uniform eend

Flne to medturo mlxed sand

Gravel

Grevel and sand

Sand atone

Shale

Llme stone

r
r

fi1'rNl{lu %

s0-60

45-55

40- 50

35-40

30-40

30-35

30-40

20- 35

r0-20

I-10

1-10

r ia r : rvr'r nr : 6urlrn io : w r tnir'l Cl6u a a nlu a ! irtr1u'r.r ei runl u-.: n.: r uda

. s U. i < s .r.
tl1raB-tufirnu u0 {elnut -lR{Rt!a{ t tBla unuul'rn.icrl specrf!c rerenrlon

fiadn r rei ruso.r ( Inulrnfnsc rrln.r r rJu u.ta { r mrd )

s o1,

r!a s Specif lc reEent'lon

w r.tilrfl :sa ufrifr.rn.r6'rrogluda -rirr': vwir.rariarniur
v

.. U {.
ulrJ'tnlfl 'lltllflga.:na!fl ur lor.tu

. <,effectlve poros i ty LnUt]R1Lyl1fllJ

r

ai rlfrdnnu'raon lUq rn fiJAu#r u u : .: Irir ri r,:sa.rI an 6a s pe c I f i c

trJ
vv

yield ta

s 9.3.3
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Spac lf i-c yield (il'na;[r6{alrJunJo{rtrud)
I

Jirtr- i,c.:'hi,i:; u rilrrni rn da l-ir.r: vra'ir.:c 4nrnfirr

ili:tr;r'iili,r,iarc srl'c r i'u iria'i u

fl.:rftrr :rqc'irYi'r

n - "'ro sy 9"3"4

,t
n1!D.r speciflc yi.e'i.i zuoHnidru"llrfla'iaun1nflu :dr1.r [[n9n'l:nlYalu?ra{da{11n

nrra-nsr'rtra t#uff, ,.r',l',i ,.r.a udntri'r epcelfic yield so,rAunfifleir{ r
u d.q 4 .: '.' !, '+ I
d.r r nqrfiu'jrfiu t iarr; r 6r,ril spec 1f ic yie1.d founirfiurriousru

NO

I

S

fl1:',].l}r 9.3"2 lr6fl.ln1 speciflc yie 1d u0.:ndffJnn't{ "l

Mate,a- iai:-

Specific Yleld
Percent

Gravel, coErae

Gravel, med i-a:n

Gravol, f iu::

Sand, coersc

Sand, ncd lrrn

Sand, f lne
si 1t
Clay
gende tonc , i',':r-,rc 87.'eined

Ssndstonc, mcd,.ifl-?reincd
Llmestonc

Dune eand

Losss

Pe6t

schlst
s 11ts tone

T111, predori.:r.,irtl,y 3i1t
1111 , p r eci an i-r rnn t:'- )r send

Tit1, predoroini',ntLy gra.vcl

Tuff

23

24

25

27

28

z3
n

2\
27

\4
38

18

44

26

12

6

I6
15



9.4 Storatlvity

niir S,:cci5;.c i-;1d a.if ecti,rc pcrosity, atoi:sBe coefficient
!$i sr,oratlvirT Lrlt,aij,i,Yr-rv'ld*dilnlirijou,r 'lun r: rrdnlfi.lrirn r rlo t fi,Lfintia.l

6qulfer otir 11tfir'iru,lrilie ilrr, r o'uqel,flnrir spcclfic yield d'titiu uncon-
-l

flned aquifer i rr'rnvfildl',l'i'r storagc coefficicirt r{ifiiu confrned
d , Y a 4 v v <rs

aqutfer []Ja{A1n11 nn: i,rU i,'Ji{{6ie '.1 .-ruif cr ilu[]iiloi.lnU tt y S ]Jnainn IA

r .i '4.,,
rUrJ r nto.{t4st1gttr4ufl'r tjJ?1 aquif er qv rilun-nuo;1n6fl1& [r1a'na.1 t#n"]'j1

srorarr:.v I ty r*rurir'1i..#raotr?1lfix'tu

s rorariv!- Ly nn'h{niqin-aa : ru'ir r rJuil?urn: uo.:rIrftJriouaa n n ioui r flr
. - , i , fl.!. , ; i .;

u1tfiun"n giavrilsurja.riruad':ao I 6qulfsn nouij.tili.rtgnrt t rJ6itttr"; hcad darlrdclt14

6trornrYufrufir,Yu .i 1,,:,i*ila"I;uurii'r#iif,urinrfr;'nIu,rur:rr ril'trrilsfi.riuuvfin':ru6o
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