


q-
-/l

g-

onn0nfl]tuounu
I

Fundomentol of Hydrologg

M.dusl noudlin
nrnddrddonrlridrnillrnru aurddrrnmMrdnl

rlnrnnsro?rnunMrdqf 6nfl rruqdruiluudu

a\nnlqualil!il

SOIL MOISTURE

INTERCEPTION

EVAPORATION I
INFILTRATION

GROUNDWATER FLOW

I +
+++ + t

f

?

\

r*PRECPTTATEN

WATER TAALE

DEPRESSION

S LENS

OVERLANO FLOW

SURFACE RUNOFFSTORAGE
$JTERFLOW

STREAM
CHANNEL

SURFACE DETENTION
.SHEET OF WATER

Pw11?iEc--->1ffi
TABLE z-rupERvrou



CTl:lJ TU

IJYIfl

I unu'l

1.1

t.2

1.3

t.4

1.5

1.6

1.7

3.1

3.2

3.3

3.4

ltul

N?IUfiIJTIJ

dr6ft2t!r uutt,0 i tryToTn'lmu'l

'lnnn:10 tot4fl'114u'l

[[u ?n 1 1 u fr fiu o'l o fl n ?r u'l

ult 1J t 1a o{ Ytl { 0 Ylfl?11U1

9a
?41fl [nu']10 { n u omn1fl ur

9-
o Yl fl1Yl ul n r { l uo 1u'1fl'ln:: !

l-l

1-l

l-l

t-z

l-5

l-5

l-6

t-8

2-1

2-l

2-3

2-3

2-4

2-4

2-9

2-9

2-16

2-18

3-l

3-l

l-l

3-4

3-4

2 aou6mr{qqlusu?flrJr

2.1 dRrfi a ufi r ol n rflr ra E Rfio r nr fl

2.1.1 alJ!:q!qQ:0 
'r

2_ L2 n :du0or.rur?

2.r.3 auv{1qfillu

2.2 06Ufin1l^

,;'
2.2.1 nrtI A0urr n roalvnn lurru rfi:

2.3 n:Ylrda!

2.4 fr?1u5u

2.4. I Precipitable Watc:

2.4.2 ln: O.:! 0?Flfl',J]rlYU

u101n 0 tR1fl

U1r,lflO1nlfl

1I',lUn1:10.:U1n1n0tn1fl

: r lrrurrolrirfr sr nnrnornrfl

roiorl'oiori rr.lu

3.4.I n1t99t9r{

t



2

UflYI

3

6TI: U fl

i.4.2 rn;oi;odir.luuurr::rlq r

l.q.: rniorifldrr.lurrll dn iurisr

./!
i.tu lurrnsnr:n:y irulorrnSo.: ;nd rr'Ju

Mass Curve

n? t! nflra nul0.turrlu

r.z. t i6 rnf,ulnurarflor^el

3.7.2 'rf 10.1f rodldu

s.z.: iirfi uurdu{urirdu
,.i ,3.8 n1:'tln:'ls nl:rUnuutl a.:rlnsfl']tun dxnnur0 riJ0{a

3.9 nr: :sururir{oryafitroxru1il

":1nr::Yllrgtaaynl:n]u lou lr,0 {?tn

5 Infiltration ltay Percolation

fl .1 Yr lJ OYl t n0 0 0fl : 1 n 1: slJu 0't ir.l r^r1 u t1 ? 1 u
s4

2!l.nO9t: r ntt ryu10 nu 1H'ru H ?Fru

flr:ld lii.!da: rn r:frlHtu fr:o-u ri r ?r riuririluaufi

iEn rnirililranir.Juamr lo oldiir Ira"^

6 u ltl'tl.t: out turrxJularfil:

6.1 5 sou1r l
o. t. t rnrio.:l'oin: g6'udrrruu'Iildfl lufqr-

6. I.l tfi:o{lJ0lfiisqUUltlULirri tUtJO

:1l t fltu 1Yt1

a l; ,,-'ln fl 'l1lJr:'l TluYtltu't9lo

01fr15'tou'l

'tnrnonl{d'ri

iidaq:rlryu^n

9)
fiu1

3-6

3-6

3-8

3- 10

3-t2

3-t4

3-t4

3-16

3-21

3-24

4-l

5-l

5-l

5-4

5-6

5- l0

6-1

6-l

6-l

6-3

6-6

6-6

6-t4

6-14

6-14

I

3.5

3.6

3.'l

5.1

5.2

5.3

5.4

6.2 ar:?91

6.2.1

6.2.2

6.2.3

6.2.4

il



3

UYIYI

6

CI IUfl

o.: Id.rrlilrturhrrnsnr:rl:-uldl

6.4 n1:Fr0 ln.!1]:u'rfuu'r
I sv ra

6.4.1 nr:no tntu:lJ't0lu1ullUrnlnl0t

6.4.2 nt: fl o tfi{tl:tJ'ttuu'1 lnu'lf to.:dsrr rufl u

- t,6.5 ll:lJ tgl: tld3Y'] trln tn t: rnau tr I

6.5.1 Mass Curve

6.5.2 FIow Duration Curve

6.6 fl1:11:IflOtAUlr',)

.: ' A J
fr: 11,11{ 1n 1! ta s n r: ? lfr: r s 11

fiut

6-15

6-20

6-20

6-22

6-26

6-2',7

6-2',7

6-27

6-29

7-l

1-t

'7-1

'7-l

1-l

1-3

1-4

1-4

7-4

7-8

7-8

7 -t2

1-t?

7-13

7-t5

6.4.I nr: : flu'lolm rrirrlir rrurirloui;n'rrr: n rorr fiufi

7

7.1 n:11,1dlYi1

7.7 orrirj:vnoutolriryir

7.2.1 Surface Runoff

7.2.2 Intcrflow

7.2.-l lt'r tGrou

7.2.4 Channel Prccipitariou

z.: : rJi r':cro in:r?'ld rYir

7.3.1 tn iu o':n1: tTtx1lu

7.3.2 dluuoo

7.3.3 ldltornr: oo al
.t;d

z.+ drfr Han:srun:y[yl-ouFio: ir.:to.rn:t'{rirrir

7.4.1 na! vl]0.:nl]01n1f,

7..+.2 d'nrl sro'rr,i'uff rilrir

7.4.1 niu fuY 11t.t r: ill1tlul



4

unfl

7

8 nrlll111{illtu2uull't1

8.1

e')

8.3

8.4

8.5

8.6

n: TY'll.tU{l.tU1UU 111 I

n15fitn5rfl u {filr 1uu 1Yt'l

n r:fi rn:rylfl ui{fi r^iruri'rvirorn complex Storm

,.i , :,
I O n1nO10{n: lY{fi U i11U'lUU11l I

n: rr,,lyf,ruriruri ryir eiry:-r Duration rixl

Synthetic Unit Hydrograph

8.6. t iGto.: Synoer

8.6.2 er'ro{ scs

8.6.3 n r: urufl: tllr.tu ifiu2u1.r tYt'l

n r:rl: vonrildn: t{vu'.rrriaori rvir

n: rv'lv u* s u r.,irari rvirq"r r r,{ a'u

n: rvlnu*.:nri aorirviruavn: r r',lrrlo frry u rirr o.: nr:urin:voro

fl]5UtU

Ls nr:rronorri :uno!ornn:1?,ld1yi1

7.5. r n rruunn: rrlri rviroonrflunrr:riru

7.5.2 fl rr Irufln: rylrirvir oonrfluao r d:u

7.6 nt:uandru:l:vnortorn:rr',lrirvirfi fi uoqa rrrnnirfl u'ruon

ltu1

8.7

8.8

8.9

d

1-t 5

7-15

7-t6

'7-t8

8-l

8-t

8-2

8-5

8-8

8-t I

8-r3

8-t3

8-22

8-25

8-26

8-30

8-32

9-l

9-l

9-l

9-2

9-l I

9-r8

9-21

9 nt:lflaougt -lll 
o {u]lt llt

9.1

9.2

9.3

9.4

9.5

9.6

11 1'l u 1

d:Jfl'l: UO{ Stolage

Reservoir Routing

Srcamflow Routing 14 :0 Charxrel Routing

'l! Rouring lFlu tTn: l1',|

nr: air'rn: rr,,luujsuil ruri rvirlouii I,lood Routing



5

611: A'

n 1: nt v o.rul o{d11ei6u

tfintol Aquifcr

10.2.1 Unconf,rned Aquifer

10.2.2 Confined Aquifcr

10.2.3 Leaky Aquifc:

10.2.4 ldealizedAquifer

Specific Retention tlov Specific Yield

natjon Darcy

Storage Coefficient

"1 ",dufl1:vl'l tllla{n t: tfin

10.6.1 Rectangular Coordinatcs

10.6.2 Radial Coordinatcs

i."^
u1 toautrnvgafltflgt:lJ d.:uou 1fl I a

t 0.7. t a1:lfl nrr!rnlliuavfiam r.r16oe

r,r iY,,
l0-7.2 n1: lfiouuunirr1ltdudu lo rdmnrflvlll

10.7.3 nr:'l nuu 'lrin{fi

flut

l0-l

l0-1

l0-5

l0-5

r 0-5

l0-6

r0-6

r0-6

r0-8

l0-10

r0-I I

10- 1l

l0-t3

l0-14

t0-14

10-18

t0-26

UlIYI

to rirld'6u

10. l

r0.2

10.3

t0.4

r 0.5

r0.6

10.7



t-l

ultYt I

ullul

n2r filll8

o11fl?YrUlr 1
4 d j .i ' a

t-l'lvlulf,ld9r:ulutvu{Tno110':fl 15lfl o n1:ntJ!]u nl5tna0u
.iqaa;,csavvtY9J
T UngqolrYtugllo{ulYr0g tu tan : ruo':n'r uJdlJl'luttJo{ulvltJ9lodn l [[?aaolJo']u

1.2 n?nrt utr]10{?!lomnl ul
/ osrinrl:uqiariuh: r0lli'rflm Anu run;}in rrl aultlun qorn:: rLt o ':rirfr

'[na'[rhune6u (su.ruce rto*) uyd.rri'uunuosnrr,fiorirlriqt'nrno.rqvrnimorniu ri'r

i Al , , Ja - I a a
tlnmvtntflnou't41rutYo1n1fl ctotlnuunflndllr,tufluttovnnua{flYttlaoflft:{1,1u.1 fl?1ulYo

?a :^ tr , i-
1O{Unu: riru t qflflu"l ulr nlud.:H 0'ruoul{1rfln

:vu'jrran:::udud.: M-"r, vitruvius dr6o1d'lrrflurlnnafi1#nrrlnn
A i ; ---fiqndorrfiortYuig{n:rorqmnTmor rrreY{druA!ru'jr frrluuasfiusfiornluuirrorfi:rl

q{uosQrrrisd!r,irudufirlanuasriolrwhhJ:rnnluuitrorn'uii{ln6odr '[naoon{rrri

ul n1tlt uovulvl

dr uri'j rr qu fi lu arioriouri'r lilrfl ufi uilu ou uei fi fr .rq nd r lill{il: v 1 urf
d I A . a ?v a I irtaru:vfl r{nfllt: n odlrfl'l:tau tuolJ:3u101 4000 lJ naun:dflfln:15 1lfllt6Yt1{[1,0u

,rri.rnu'.rdu,,ririrludrfioil:rlomivn{dlunr:rnun: rrnv6nfinrur,iuijsiortrfin1:tnnno.:

ilrrirdnornnl'r'lnI:lrJ{nluqroa rfio':to':vr': Mesoporamian finr:rlorfiurirvialdru
.-idda"-:,;,fl1ltfllauTal.! tulJ:3lYlf,0un n1:ditn:rrula :g14lurrnvnt:ilo{nuulyl?lJ d{nod:1'1

fi kinrirarLrddrurfl udninaruiunr:rirrorua'nimtolqvrninurhll#rl:s Iulri
I @ 9a I

nounvduqoflgr?::u1t l5 rrlr1lulJlo{flan'tYlqYln1 u1rl1tnntlu2Yr1i
A t g 5 t r ! a d d tYdt

10.:?Ytulf,rdsl:rij1 !urlnrJ v 1lnr: d{rnflu:1fl{nr: 11r{ qrn'lmu111{olnu:'l1Jt?u t?tllu

ndnntu Leonardo da Vinci uay Bernard tatissy eirrfifioarr:rdrhunvfdriq fln: to.:ti t

otirrruiu ou Ieurlnn nfr'r ao.r ldrirvrqufr }JuJiuurfi or6'rfi rfi 1dri'rrnqornr : : uyrer-

r a'nirron nimo r al-ufl n 1 riu ldril fi u o t rr nr : fi nu I t o'r perraulr Mariotte

ua! Halley luana::ufi tz inr:iarirdu rirrir (nunoffl rlufi{uh on:rnr::srmo
a J " ,- ! , , i o u ,6

f:21!t: ?10 ifl:v du I 14t: 0nt0ivt'tiul "1a.,1 i0u0lfin1utg0nu] [u Ifl: ls lraEY]tn1:
4qvl
fln!1fl1fr?1xdu1{ur

I.1

C.trJamlSANTIUlvdnnogy I\!nh l.dc



t-)

lunnr::sfi r8 narufmr{druryaqrafliua;oiln:nifildinerlrtioflr:

"3tllllllJ!lntYU llq!410{ Bemoulli d91:1J0{ Chczy, Piezometer l,O.l Bemoulli, Pitot Tubc

! uau

luoiuesrr: :ufi 20 H lu ilurlo iiouroldniudln :rltirtioto rna nr idru
a t4 9d

0fl111ul tFtxnt: FlJutlfltnfl'l:2nurnuznuqrnivluttu lnurafllu :;fi?'l{lJ 1930-1950 un
6 q aq u rr@ d I

qTn'rvr0lt[d3 un'] 0ri [o9Nflquflvr ].rn lu qmn'lrr.,1r f,lniurl,!rJlru0nrJ'rn! rot'uu flquan5rl{
j , : d <, ! "' 

,
lJu{}lu'luulYlllo'l Sherman, mqUAnl:cUllHlu,.l?nU10.l1.l1ljo'1 Horton. d!nlt t!drjqaU
-i" c,- t! ""^vl tt'ltfl:1sfiU'l t9lout,0{ Theis '44'4

1.3 lqonllo{q n? u'l

- d ;^ A " ^ J ^'tntn:xo.torn'lmutrlJulj1J2ufl 'l:Ylrnotu Iuf ::1]x'l9r ry.:fl n1:orln'l:
,iL J ' :J A J ^r,rfln0uYt n1: dtutduttasnl:[YitJlJufi:0non tl0 tu'l1JuH? tan 1u?un156t1icl tu1[nn:

ord o ,i
tnrldn{ tHr}Iu lu:uYr I .l uas I .2

a '!rfiolorirlur::arnreirJilrourrnfi isnna{drfiuIanlu;rJtorrJu n^uv rir
e d i a " i, arix qnrfir {4.{ fr.rr:r: rlGon'jrri101no1n1fl (Precipitation) ri-rri'luuu-rornar rjr;ra

" - , tr ,t J , : ,

rr11'ldlJyr: r[aru r iirrr: ]nufl:.: 6nri:uxfrwnnrrin-urrriun-u rirdrufrur.:tiruossrn
y c, ^ al , i , - A ne-

n1{n1! lu l! tul'tiirl rlnyouv{afluu nflQlllluuHunu (lnterception) uaEru8 [n:uud.t[[ofi
d ca 

" 

"; 
,

n$gnalur u'lo:Yrt4ulu(u::ulnlfl (Evaporation)

rirufisrna'rdn'u6u ncd!rirufir6u (Infittration) rracd!a'na.:1il1d6u

(Percolation) ilirtrornrrlr'uludurLiraorlndfi:6u irnd'u{udui:u1n1f, Iaunr:::tl.tuuoJ

nr:n1u'lo rto{fiy (Transpiration) rirfifu6na.r}J1d6uovlil{un ri.rri r1d6u icround*ate,
i crs 4 a h J ,- ^ " . ! 4 h

Resource) cr{Olnnvnnon!l t'it 140 1fi:0 l nrlUdfl?Oll [U:tJ10{u'111 (Spring) t4:O tHA

, ,l " " -i a 2 ,

00flflt[!u ta 1t 1:[[av tu 11do n: yrfi ulu fl01n ]fl

drrjilruilrfi nnlrn!::u1nrfld'u6ufi rJ?uruurn rsrnnfi rirur.:rirut. a

-- ia ,,i"'lilqrrlfrrnu firn-un'jr overtand nlo* 'lx a a r riurjrjrri rtr: uaysiohlo'wr:rnun:rlx raryu:
4 a ! , !- , d 'dant; fl'l:: gtH tJ10 { u 1n 1nllH n!u'l o{ n n 121u du: t u1fl1flo nrYu nu

a'id'a1I [[hUflu0g!ra! u0 t4:otlon cx{dl:J1:nrnll :u ltuuI [n ]iff'lu utd2u
J -J, " !, Iq':fln1'lttllt0n']1 Depression Storage ry.:0gflnU1UEo1n1fl tnonl::]l1lU ilflylnal?UlYl.1

d he' :l
nxnwriiu 16'l1flaoor'larfrd rodluduaougili.l rirtsfint:nfilfiudt:: 'trnralounr:
:ytHU aguu'ln 0n:10.1oyln?Ylu'10; t!un1:ttugturtnvdu do rroott:Jnt:aurnl:10t1l:tJltu
i i - Ji ; q

!1rlorfl 'lllJo1o{nl:lnq swuognuut0u9r'lidl 11Fr']ufru tuufl ayflu'rufl'l:

,,oyluri

'\ Hldrolo!! l\1 rl1 I d\r



t-3

IN I R s oR r o^,
4 s

\5 1\JR€

59

$ocBa

oi
o o

P. oF

o

:

I?

t
oz=

T.

SUR fACE

SIREA lAs

RUNOff
INIO

4

z
o

;

1oG -w- sui p tY

L

=o

{o

to

r

c6

AI

il.so 6Ss tPOs f to lOFl-Fo IP ?x ce

,j
3rlfi l.r uanlinon:tolqrnirurlul tolDirgru,rt

INTERCEPTION

I

Y

PRECP{Y.ATU{rt
E VAPORAT IOI{

+ +

OEPRESSI(}'l \
STOREGf,

I{TERFLOW

WATER TAEL€

I

+
SURFACE OETENTION

=SHEET Of waTER

OVERLAND F LOIY

SURFACE RUNOFF

LENS

+
INFILTRATION

'*\lliEo-+-4ffiTaaLE z-rrrPEnvrous

STREAM
CHANNELGROUNDWATER FLOW

FI

sorL MotsTufiE

lrJl\&il.$r I',urrrr I dL{

,.i - tr -gtjll 1.2 rrdfii )0tn:10iqrn'l ulqitno l u Ft't! t:: l.r v't

o

o
s

.I
eecR,N I E

SRT E

zo

r

'l,J;,r^_



3

t-4

Ailii 1.3 Block-diagram uru:v romnirulrJo{Ion

E

I

1

I

€;

I
I
I

9

e

I

ETt-
ET

ET

+

PrEcipit tion input
(hlqograph)

Ovcdand

Dccp

GlanD.l
inpot

:rJfi t.a urud rno iuda{ru'rufli:firi rr.lun a rorflurirvir
o

r r,.:xr SA\ ll\llydroloty Annn t.doc

PrEcipiralion

Inlcrccplion

Tnlrspidiorl

surfacc RullorI.roOvcrland

--l

Infiltra.ixr Srrb,surfac.

rcch.18€

DcrEssion
srorage

Infiltration lntcrflow

Aquifcr
rEcharsc

Chann l
irp0t

Chan rcl

sftrmflos
(hldrDsnph)

-.1I



l5

1.4 u ?o?'l 6o,uo{q nens'l
t J t e v I rY 6
:lnanr:0l0Tn?YlU1!n11uunu1nIrasda!cructouu'ln uglfi']u?11u1n1:

uarn?ruifi a'n6{o'rarur:or4r1#nr:ufiflou rro : orninur irodu 16' Inol#uurnr u6o
- 4 i.l f, ocy- <

10.::gUU (System) 5clJrll uqqlo{ d'lutl1{dl YltloU tU.lnu ry{fl1 tfilnotuulU?u n15

riuruo r:raur:orirl#5nf,n:to{qr4nimurrflu:cxl'16'6'urJ:rnou}1firoilrrrnornre

nr::vu.ru rirvir uayorriil:snouoau"l t o rigfrn: qvrnivrur 1u nr:irn: r;ri:;rulrqj
I r94 | iI a '4 a

r: rd1lJ1:oltu.ttt: olnn q! t [1lu:suuuoucl t6 Halor:vulj tfiius.ilnn0lnH n n1n:vuuuou
- A qvt

:?lJnuolun21!r101J tu{u:0n?1!drvlur:Ju2 ti:cu uotl
d.et4ttg

tu:r.l 1.3 rrlu:suulJo.l?0nfl :qTnzTUr [[ui0ofl rlJud'ru:3uuuoun?urflu

rJ:c 6o

1. :EUxlJo{dr1uorn1fl :rnoudls drrrnornrfl flltisntu Inrer-

ception rra:nt:ntulodr

2. :vx1j1o.: lArnu rl:snorLdrutu'lun 1:1oi Overland Flow ltntd1 1

fir6u (Surface runoffl Outflow llolrirldfi':nu (Subsurface) rrayrirkidu (Groundwater)

uacu"lYrl t an{dalultlay!fl ldtJll:

3. :vulrxo{ lldfi rfiurl:cnoudeutuiunl:10.: Infiltration, Recharge

10.iu1 [6nu 1u?un1:10{u1 tcrH2nulrasul [cr9u

nvriur:rerur:0l#rir6rrinnrruto.r:suxornimurld'ir 6oln:'rafr.rnio
ai,"

U:lJ1Sl:Ylll101J[1nlQ ls :UU'l1l:0 Inpu( 0Ur{1Un1: m1.:lU10.tnn tn :01U?Unl:RlU lU
9 o qra e dr ; - t tat

l[n']Yll tfitno Outpul l,1J? n It n1U tuo10 oytUuqa d!nl: molflUnl: :yqnn ti,Yltlu0
r t v ? -zi jj tflnfl]d9r:lJOnto{ tHa ngfl1:ou:nuu?a y{n.:.:'lu rldy lltrilua! :?!n,!ytqu0oiJylrnu?rl0n

1.5 rt drao{mr.ronn: sr

Inud'rlrjryirn:rsr{:yulomnivrurlnul#urrf rao.rno!y{'?rfl of d!n'r:
a .i h q c h, -a a

1l:01{0u tt tuuuun'ln0{01tnY tn!1nlnnl: Ylnn0{ (Empincal) flosl 1.1:0f layllnnluR lY,l

(Physicat Laws) rrlu,irao{drur: nldl nr:2"r.:ur.ru oonuuu lirr: f,nnr: rlnyd?ulufl 1:
e. q ! " " :
naflu t0 rryu n'lullFlrurq!uld1l15xl1a1u?stq!:s dnn nt:rnon lylruun ]no{!itju Bqflu

ino:J: ; arri dor.rnfi ryfl ou1#uayH nfi 'ldr rnuur irno r

C \!lam\SANI l\tlr(ir.lo(v l\)rn; I dc
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A s' e A ':-"'dnrr'rnao1l rrnsiJoflQ14lJ ru ryifl'11lJ?luY{utr1o{ nn0lfia1u!n [Id1lJt:o0t1_r1u0oflu1 [6

1u: toralnr:mioriryrr':ooiorerasri rray{ouafiu1#1unr:irn:rc#firrounnuniohii
a a rrY ,a ts i ^ t 4 " i-

ft?1utI000 to H?tfl:1v1.19t0.:111fl? llJ[11 tnnuStullYttJ ?[nt'l;fltlnyrnon tYrluu n'l al0{ytu
; A ;- , ^, 

j a crd 4 , t e
fl 't1utt4ulrd!Yldn d.:vlulr?llJfr Mnmdfl nonl:oltuunl: tfi lJfl lrrnu10uaoulnofl 9ro.l

.l oy A a ugt .i
tl{o t}.rHn tlfltruu nla o itn?1lJt5000 ta!'lnmdo

riru}.rnioc oonuxu?,iodgrruruir a o qnjoirn:rc#rJr{xxx nr: ioui.l
t t o o'.yo j a ,a cj q J."^l nnltfulxu rrurn'lao{10{:sultlJl t9rou r of,nu"t1l:ljlfurnufln1j0':u1 tor9u10{ tn:.:n1:

' 4 ,i 4 hr' drirll rfiorornnr:q! iilfi r.+ 6o1d'jrrflu;illr0{rruu6'lao.!roilulunrr rrlu-d1?i1 uaE

;rJd t.s uanrnr:fro :yrnmtoruur drool

1.6 ?t] lnu?tlo{Ruqfln2flul

Inufirr'lil imqnninorovrfifl iniuiildrlliyrurf,rdn;fi alu1 uru.l rs
1o undxodt{fl orfl u a'.rrtil lddl d6o

d a - ;-
Hydrometeorology t Unl:flnul tulllYllnn:sfl ? 1161111'lY1 Hydrclogy

ItaY Meteorology
&a:-[ l-tfll:flflUltnU']nr vradllI
4 a i -- ! "r unl:f,nuIfl u?nulllJyrlayul[r1.1
4 4 i - J.r- ^luun'l:fln! 1[nu']nru r tFtFl'lfru

drd;.!l un1:f,nu]tfl u1nuuluLH'l9ru
4 a ) -!tllu fl 1: f, fl u ltn u? nr u'11 tu 'la u

!rn;0frn:ro.roylnimurfi 'ldnrirrtlrrfr'rrsr#u'jrn r:iro:r:rifl ryxrmrr
A h 'ra ro u , i - - t a A y0 n?mur tlJ tn0lnaou tu d11110{uu[0,lryt1uu rrFtu.: n']tlt d!flurl.ttornu'ldann on

^;t,,4aq,-azlan1ud111?n1 U0nnln na'l2lt'lrta2?x1q n1110tu.19lo{01flu?x1 [ud't1t?1lutfltflgtt0uon
I qa ? ? h

tnu 1{dnd fl nflld9ll rflu !: 't11u1 nafl'ldgt:rl oilo r'lfi n 't11fr0n. operations Research,

Forestry, Plant, Ecology tfltS!flldn: .1n.1

Limnology

Cryology

Geohydrology

Patamology

Oceanography
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ar-ta2. fl15U tIJOU 0n{fl 0',1?lJ12lfl: ty tlnrYI6lullUtllUmqUA

3. ni: re{at1flnr:irn:rv#uiovrqrfi}JldrJ:rlulrf

1.7 qnn2muln {]uolu2fl?nlt
dt t s /' , A?t'lo n? ultuuu:: tutruglo{ lufnulf,?n::uou! tn!1u tour lltvou'l{

^9u{o1un1:Y{gltulttlto{u1 [Yu
air!o{1 14u'r.iero{nr:r' iorlilrJlr:Ji!rorto $ir6!rj rld1#uofiun21lJ

e t d.i e o ^ , iJ, a ,J"
910.1fl'l:10.tu:;T'ln: d{Ylnyn0{n:yyt]ft0fl1:t4lu}Ja{ut!r,:d?u tlJqnSr1luuuul0 lI l: 0t0

l:liern:fi rrdo{il:sl,rorilril;urarlirfi rsarlr:orlrlrl#ld do.:r:rurlilraui"rdudfl n

lu{rriruiu rie.:raarfiuriri ruiorirrr:fiilrriou 6n:rnr::yrfiuuoyal:nru'[o rro{fiy
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ruavdrfr u drdr'l{ra-onr:rnr: oy160na.:IuluIn: inr:fi rdrnlnrrfi ri'! r1n
q ah ya 14 I I
]1o,l-tlu tndudnt u{lvtlu frl!n1:9lodu t0d51nrl01] rl0u r:ltvd:1n
r 3; - e dt ' h

fl?:0s!1u10tYl l [: ltay1u1n10{o'ln1::yuluulYMnlnufl']'lu0r0{nt:fl?: tsrtlutYll t:
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?T,tomn?mu1u0fl 01fl 1g:J ty Iuyugto i'lu 2fl2n:ttn1uflflu1rr_rta{ 'lu6']
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xnfi 2

,,/ A
ro{anr{qEuuu?Yrur

(Meteorological Data)

Z,l dnlv{a fl1o1n]fluar4fiornrfl (Weather and Climate)

dn tryr r.r oyr n-].mur o s'ldir r on t'n n u r n rn fr nu ol s Rn-o rn1fl R ! : c tt4f, ua s

a c e - J - " ';l i ;,
t:ol?vtBl lludlngu flfl11'rvr1.lRlJ01fl1flrE1un!n1u?tu{vrn{1o'tlIuvr'l1oga:{1l:r?tud?u

1nto.:lan o.:d :snourornu^ornrafirirncnrirro'rfi du nrrldu oonrnn n'n!nnoinrfl
Ae ' !

ltnvnTEttd0lJsin?ul.lollt afl ofl 1::yrfi uuasnl:nluu'luo'1115
a, i- e a e e

n1:i,ruur'tuu10{lJ?no'lfrlflrJ0tInnr uuu']un1:Yr n?r!daucru$ou or
at Ao- - ; - s reatnfl anuolyrljuyl:{naruyllJH2[:uurd!ouos qau{ H? tan [n:un?1!:0u txrvrlnu u:[?tu

, . J ry- - ^ t A , a j
lauquuqn:Gr{ ln:uflnn{'lulld.:olyr9luulnYlqn !1a01n1f,:oulrnEUfr?'lunno1n1fl9l1

A .i u a h, u A e d, | ,l
u:r?uu ns n ou9t2flr1u rn:sn unua'luunrruflon d?urn aoufilu rs6',ra r }lnr.:drlan

. J" eyJa, - irufiouas{rlanld6ririravngnfigrnir lutorc16urfiuuir?ud?lnnlT{do':!?ao rnrfli
A d 4 a 91, t ; s a 9 tqfl R!fiu1?[uuuacrn?1!nno1n1f,q{rs nlxl t1J uyrum0l nlfl: o1]x:[x0llduqu 0 qn:

nr:r!uri0 n:urilui.ro: z ?{ r:1ud?lanfi'.idonloun2rulnnsil{rJo{n'11!nnorfl'rfl

uriluanrrnrn:tlrfluoi.r Ianvrlu:ordrro{uay14{uioun2{orfindInu
A d. d .i

tounfll! nu'tt lfl0: uonolnu Ianui dfllT,iR!rJ:yrYlflr ull9rl nrrllttoYldi ltuourrd;
! ! J -- - ,l iYlUUl ctr{U0YlrY{4n0 fl7t1{t[Aynl: tnAOUYtlO{n! n1:firyU:0U9r?10{uAyfi{U: O1ln?':

orn-Erdrir}irn-nu: {ra (Coriotis force) rlufifltor!?oorn'lf,fidrd'{rnf,oufr'hJmtdrlan

lnumr.:6nlanuru'olraornrsosrioul qnruub?ro}J11r.rrxrro.:n1r rndoud riruyrrrdn

Innldos onrrlu1#rclilmr{dru fiil:yurorrdui.r .lo orarrufiorrasld rL'raornrariraord
.iia'

0s0nlrunl5rflnouyr0ul un1:rn6oufiornociunn}J6.:fiaotciuoon Irosu?aotn1f,fi
.l ic , d

rnn-oufrlur[rt']: ru n{!rmt.:Iduf,uriqer: nrqnrlu )nurr: {le1#rnf,oufirq'hJmr.:rrr1u6n

l a n rr do ua s vr r.:.fl r u 1 u fi n l a n 1 d' "rt.: rfl u n r : rn at o u fi ri o u'l il fl r q n'efl s iu o n a ! fi fi fl i r n

9 9 ; h r r es v a A
ldu:{Yl 30 0if,Ia [uT1'lut r']olliluflucrflst: t:tionnu tuy0lJ0{n!dunl (Trade wind) l!
; - "r* - J I - dlyl 2.1 tlda.l: ruljl.lltul?uull o rr'] notntflr4'l Iafl lttrtfu"i.r alJm.:do.:!t lrnutsflnrur u

uu'tr{ndoulutlFliou (lntcrtropical conicrgence zone, ITCZ) rir}i'rfiqflruduflrnyuo':

irrorrur,r drrrm rrruafioaorlurtsriourndoufi dra,r',uqqn-lu
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:sflir{d'llanrrdvrduir .lo o{ar o:LrJtusrs Suorn nrnrdui.r 30 o.:fl1 rrai

nlihuwiuoonnrnrirlnnnsrinlt :sr:rTurfluuue drGunrrurilsrnvornifliT?lnn (Polar

"Ys a , 4 .i iie
fron(s) tr?0lu ?ljyYlvt 0.t0]fllf,I't [0nttaiITrl0ltf ufluu {a: !?a01nlf,tna0uYluu tu

:sdraluovirlurllnv o{ ir,rolu rn ueiluu?rerufi ornrf, nrL6"1n{1u:i6'roir6orduilfi :o

o{f,l (fiio Horse lattitude) unsrir]onfinlurfitrlrf,nrlouttnvtflurtflrlo{mstam:1u
te);

u o n irfl n 1: fi { u [?uu fi.t flo 1'][[o'] u{ ! n 1: tfl a 0 uYltl0 { u ?ao lfl 1flta v{ 1v91lJ

yA
rioro-u qnnra atrJtru?llllirraegnurru2yru {

2.t.t auil:guqeioil rfl unur[o t tnmvtnrraEUHrdr]m5 tdldvrirJrfi nduluqqfou
< ia ,' ! i -,",,- , 4 t 4
tnu?r llJqn:ouuu yruvl2lJ to:ua'llut 0u 01nn ? i0'lll9luuavuq ?rnxd{n?1qruH 8ll1o.1

11UU'llrtlO[[nt! 1dlJY]t n?1rflno1n1f, [u'lJ:t']0lrYu0Yluulvlvra[[av!]l1dx1l:0; rY{n'll
aadt

fl?1Unno1fl1fl tUU:[?0rlruov{uvt?lJ n.tlnnl u0!x:quqe:ou o nlnvlvlaung!fi1fl{145
e ta tr* J a t i i ! ."

luJ'l1.rlur.nJffu $'lnluyruyr'uJuarlu0{ nlnn!utq!q8r0u lun?lrlqrliulo{YruultJ r 0.:u'l

i , , - . - ; J- ' a t a a e e q
fl?1!nu!1dl[r.{unu luu:r? yrauullnr.rlu3ilfln urtlulJ:r? n11.t 0x!:qrqq: ouiln0g

ululJtglllol 6 rnoufl 0 tu:'l'trnoullJUluult:01rq!R1nto.:t60uqa1fl!

". ;- 2 I2.1.2 auu:ouoofi r? riluaUfi rnnfi urfi o rn1no0lHRfl "Jo{crfl rf,ulJil'uvliilanei l

aw1fln'jlqufiQUxo{oin1flr?ru'ofi? rmvrarrnvlrrar1rrluqefiul? dlriuluuir:u*rfis

rtumirJrvfinrrunoornrfld{n'irn ?r!na orn1fln4li0fieu'urirmvrarrn;lilrd!yr: fi11#rn'o

an -n01n10nn1.ivr6rJhl{d1 fin'rr!nnornrqdrn'jr6omvrauavr rdlfl: 6un'jiarrr:qx
c d I I ta ' -i - ,qeilu12 nu!: rY!q9fiu 12ncu'1fl 2M.1u1?ruuuasn?'r ufin a{ f,nrunu n1'!dl mTinr.,r'tu

rrastsrirr.luxrdlufrrn!fifinriruyrsrarioufiurdr{uHu6uur,roou nrLfi l:ri'ooqjrJ::lrnr o

44
tnou fl o:sl.1?1.1lfrounatnuotloouuulfl r.r

nrtrt:q!luriilrorda (Asiatic monsoon) iri'ralru:qlqESourras aurlt quqfi
a--,uutr unyr duu12ard'ufiooririny 6 r6ou au:Jiq!qqiouluvrirJrorfiuif;o6nodx'jr al

o d t, a - d ,l -
lJr duers?unflreu{ tn 0!!:q!qnfiu1? tu[0rcuu?1:0xo0n0u'r'r?t n!u: q!ny2u00n[qui

a i^ omu-o uonilnau!:q!fi rfisrluuinotrorfiuud?fr{fi arrrl:q!rfrnduluuiraordul xo{lnn

rdu r4r.rntnrfl uooto{ :ylrf,oodrgl:16a qa.r
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./ -i- i a2.1.3 arr 1qfl{u rflurJ:rn4nr:nir::lrr6firinfiu16ormnilrurirfrrInn rirurio

datrnrrdornrunflornlf,eil6lfr{u: rdrotinrriofirrirnsrnluu:'rrorrrflSou rravinrirurr
. j i - s 4 A^

n1u2ulJ1fl:?lJ0l?flu 0u HUo n?1!nn01n1fl9r1u03Y{elu10'tr0{ tu[lJ!Yl'lufilJuvlrS ufl? I
J, d 4 d a q ds*YI1U9r0J: dAU" Unry{Flr'rUUriJ11.r',rf,U0n nr{ tou11lrur1uuYr1urlu1rlWn1 luryn tanlfiuo

ruas uuriouorur{lurfrnrludnlanld nrqGuJ:a{urfluurqfiirird'rdou nrurf ruireor

sutinnrrhirfiu rr r?os il60 ot n!.siofrlu.i frorflrr6rhlfirurrusrdrdlruruliu firJusrn

i-
1UnA1.:O{nnfiUn[[ny!u:[? JnflQ1l l!n?r't1?']{un Y{lqnr t dau nyfloru19l'tro':a0 I

3- - ) L- , ! J -t9U 1n't'll,:ur[:{tulJ a{fl']1lJ50un'lnnl: naua't10.1 l0111lJ1n1u n?1!flfr01fl lfl1J:[?tu
tidaea

fluufla1n lun1a{ fl'tlt.lr:?a:Jd{dfl tnafluuflal':ufl'rou: s1.r'l'l{ 34 ni 63 uo9r [:un "]11u

Ituiou ltropical storm)" uridrnllrf:fidrsir,,d o+ fioor 6un "urqld{u (Twhoon)"
j , -e , , l,(t:uflnouglflfl]{nu tuuflayllsruluu ltyu lcr [nau tg:rnu 1)

2.2 qotmnfi(Temperature)
a 1, qr rey, j , , 9 alunl:?nq {!r0.10'In1f, o19t0{fl1:nytnfl1yt[[uuourra? flo{lJfl1591o

fiuniolinqorulu' (Thermomerer) 1#qndorua;rulryd! rfloilxfirnoin:do.:rrr1ufi1 i
I h9 y n ' 'o is, e u e - /s s i I r- -0'1fl'lf,olull] tnrY301fl 9lo{ ttJ0u tuyl [a{[[t.lududufldrrd{0'1110u [ouFt:.! touyt? [ !nuuu

6ndrrvroffuu-rnoilfludtinrfitrr o'nuoryrflurrurnf;nri.: + dru iornrarirurvr'ld

dsa?n uayodd{ornr.r'u6u :surnr 1.25 rrrq: :rJfi z.z rranla'nu sxo{gtru stevenson

screen

rmoifufirnofioqilfi0!o1niflfi z rl:crnr1fiqi"l :yrnyu:nrfluuuLj

dsrlufq^ d'nuuyrxfiou : omin oufi nrrnurl ru nrulu?irulfldryu:: odauil: oyr rffrnrir
;s6aaertyrtsnonlJrynfl"l:lju nlouar u:sus"l

, i & 'a t

1J:slRYrl1rYO.r[llUuUUUr]mnnrflO iq xgu tnuoo lu!a dlu [uqnsuuYrfl
rJ a , e, ;o{uufl:serun:r 6.:rrluerruoruurfrnr rirfi{rfrrc6o.:lrrirnr:r:J6uun:sorunrlr'l4fl"l

-z I
t iunio z iufi uoqjflinr:onsr''r dnuarvrir'hJ1duan.r1{1u;rJfi 2.3 nr: rilrruerrnyolfiu

a - ir , ,
ri d'ntolnr:8ou5oyn6'afi'[rirvirtiuro{]nuy z yfin yionr: rutufr?udiH a6?1o.:flo{1 n

rliu rJ: orfir:: lo.tjluviofirirunlflugrJfiuu oo rujoinr: nJdouuil n{ qurQrr^finyin1:
I y 4 s a A iy a \ te

ttOUfiJlll:Ofi 1U00n1o ltlfl tAfiy ?l: Ofll: tn aOumti, llllOfln1U0Onte ! riO:lJfl H0U n]:
AA-,dL

rn 6oufr d'.rnrirriovri.rr.iru'[r!o.:rJrnnr6 uJ nrodlrTalun: ynrun: ry{
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nr:ieo0rfiR!d.r dqil: y,i riul#rr ofIunrqofurur::unrfr'r'Iil uoifin o

non6rlu:ya onrrfion:;nlyrl: onriorirn'irfinranarirrao n: fi z.+ ,r,'ou*roraod,

il:onlun:vuJrsturoor"'roonniuil:oyrlunnonrrdrtidrunonondrn.:du1:l1d rfioonrunl-
;,

ooritortl:orlun:vrilrsun6'a usirl:om'lriarrur:n'lnandra'r1un:crilrsldro':n.:f;odfi16rl

droorrnfiardu'hln'ir16lil:orlun:cr rcfirvrurusirunonon6ulrJdu:ovrluvnosurfir
,,'t" ! ,"-h?qrt'u1il6n nr:sr'ng1':ur:u'lidrrr:lu'hin rrrruruou hin:cr rc :ovtdtnjtdrvaon

9d9.]z*-Jc
ruri.lrdnriou rl:crlr s orar nr:6n6.:rmofluirerofq.rqncirilfunr:drunirciol:J}?ri16'.:
! 

^ " , ?s a tt j 
' e sfr fiodrilarurmoi lln-rnoiriaufioqjn: r{rl6'rn:;nJrvJ: or ruiura.rluuu:6r1#rl: on

er,qttu a00ufl xn0urlltdnS!turylJ:0yr
- ^i /s a t , t a

d1fl:Un1:?flOAl 8!nrqotl:c i 12t-l rlro: tlJlJ[9ro:u:: !n ?ur[0an0 a0o u

nl YOq tUfi 0OFlU1?lJ:gU',lru 2 .UU. n1:9rfl91':fr'r: 111 lh:sfrut:'1"1 r!oq 8!aoai
ae49a9Aa.aash

at0nnoaonHnn?svn{rolntuYnl!n{!1n?u [lJoq fi{xq{lJulronflouoolulun?[tnttfin

riruriruitJ r4rlridruiri'rnriraiotiludrurillfi oorxnfisirantoliuriu lunr:nnn-r1{

tiruluiusiohJ rirlnurioul 16orn:vuJuqrt'urufrruiro'oulroqifi rJarouaon6ndruruir
,i a .< ^ 4v -::tlYl 2.4 udn{:luat[0ufi10.1[Yl0: [1J![n0:?aou]tRllnldnunso0lltR!d{dn

tmaufl1.ltct mtnu2n ootfiRUna2t t llt
a ' iu,n. Average. Mean 116g Normal t ufl'lT tn01nn1:[anu lnu2tln1florfl uo{

doXnfi16'lr Inuri'a1 l:Jrrfla Averase trns rn"rn 1#uyru6'uld uoitiruiu Normal rflurir

lrn:nru1#rfl u6'lrliuurfi uu'[dornnr:rn6o{olarJ:ydriulsriuruir rJ:y6r16ou1n16ou
J 4 ' .i" 3 a,

14u.r 1.1:01J:unlqe tun2{r?a1 30 tJ ?l'or?.:[2atmf]111ufiIurtuu19t:!1u
4,it. Mean daily temperature rf,urilniu:s itrqonrr-rl^Clqnuaviirqo

rJ:c,iriu leori'a1 'hJud:tyrirnr:inosxnu^drqnfinar 07.00 u. uavinqonrnn^q.rqnfi

r?nr 19.00 u. qruu4l-a.:qorJ:v,iriun;rinil:crrror r dr : r:ll.: rii'mrnnxorfinddugr

dn

- 
T-in *T.*

(2.r)Mean daily temperahrre, Td
2

7-7

orurnfidranil:vdriu

oolHRlr^d.:da:v6riu

\ninuJo

T-u*



&t.l
fl. Nonnal daily te rnperature rllUflltqAUl,0 i Mean daily tcmpcrature

-i*rirmflSuloiuuur loudru rruorn: s0y[?41 30 fl tdu Normal daily ternperature rlo{ilJfi

M:lnu 'ld'ornrirounnfrrqiotoliufi I ln:lnlr orn'il 2499 6.! 2528

Normal daily tcmpera re, Tn = ( )ln (2.2)

J.- irurut o riulniurfirlu:yoynnrfirirruo rdu lo

n

T
rTd

NO n

l. rixqturinfiil:: driu (Daily range in temperarure) n'orirnrrtlrrflnsir.:
;-

:yl,t2t{ooll4R:.tfl .tdntrayfl 1do10.:?u

0 Mean monthly remperature filrnaOtO'r Mean daily t"*p"rut .. 1U[6OU

f,
l,tu.t"l

Mean monthly temperature,

tun r 1u'tu'tu1 0! tn 0uYtY{ 0 1t 0l 1

T -Tbd

r, : t lro)/nm (2.3)

lto

Q. Mean annual temperarur" rflurirtodoto{ Mean monthly temperature

t2,
.LTm) lt2Mean annual telnperature, Ty (2.4)

a. Degree day n-orilnr11ltrongir.i:gfi 41{ Mean daily temperaturc tilJ
JJ a 4!

00l nuoul.ru.rctr{r: roo[lJulJ1gl: t tu

Degree day

d1t4:uuuu1

tuo

(

aio v d
qolH,:llJvr lT[1lulJ l9r:! ruTb
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2.1.1 nr:ul6uuu a'iqoln4ffluuurG'r
v a rvt t v a sgt'lul4u.t9r1tcl uur.{? [annv [Frtu n i I rulrd'l0lvr9lu llJlmlnu [u0r!]fl tdflu

i,
fir16'.rrrnvanrn4l-il:snrafisir.:ri'u rrnyd{ril6uuuila':lilErrl rrnt iu unrqqnrn o'uuio'r

!rnrnlanHryu: oufrrror unvuqu: oun:.:orn-nd rirl#rfioo?ruuflneir'rt orqonrql-1ufi

' , !a, cra - !i ; , , zi
n'l'1cl fl2lurrnnn1{ur udlr q ttlrn6u:{ouotnlflrflo0uYloul{n0ruo{ uonnlfldl[?lEfi{

, --d ,j , 4 j jJ a .l y
fr0'110iu14Rltuiunl:t'auurrrjniruonttnnt:lflaouyttufltoa.:ctl!rru']onfl?u

-,;dfl:rnr:rd6uuu a.:osr nfilur::rJrnrflnrun?1!q{6on Lup." .ut" Isrofr:

'l:Jqaru4no;nnnr :vlror 6.5 
oc sionarla.,fi,n'rd, r.000 (uer: 6er: tnr:t:Jduurrilnr

a a Aav d v
00l14RlJ tuflouna1.!?uny fl1d.rfl't1 tury?{nn t{nu tunuT!140.1y{ lutlJ td n1:tuu0lai

to.:naInnInunrrn10;!Aud.:orr'errlna-udu{ornrgrir1daynanuacnar!fluLlruIor
A,, i, ! ; . ea q , t!

01nlfluuou o"tfllflnqun2rnsaouoquuau1,on0lflrf,flaou lflnH?nu I:1nan1:0lu rsYll
e , -; J .l - ItllE0l t!tT{lJ1ulxOO1n1f, aOUa?qWU (Temperature inversion)

,l i A J "oe, l
tuo'litnfl ?1!nn01n1flnnd{[u0n?"uJd.tty{u1u Yll tl4lttJ{l.tu2u10.1lJ?a

AJ ^ j A -; A
01n1fl!lltu'ln Y{lJlullnrq Suon9ila{ trolr2o0lnlflnoun?9r1a{ u.:14u?u10'u.J?a

orn1f, isiil;rrierranaulnuryfill#qanr4uqrdu nr:uJdouu:Jarqorr4r,r1ua-nuorvdr:r
I dt e d1

t:Un1] Adiaba-tic lapse rate rtAs0lu?AO1n1fltlJU!?A0lnlflttr,t.tRttun?1 Dry-adiabaric lapse
y Aa i - A I 6osa a4 , I a ,i,

rate o"l!2n01n1flYuJfl21lJau,uu'lugr?rtoa0ud.:1u 141 tl{rJqgufiR!luuan toults!nltnau
, i "oqr J- ,i "d'ruavnronaufouuC{oonrl1 froirhirraornraBufrnr:nJduuurJalqonr4n'1ua-nuor:fi

t, t a I )urt ' e .oq .
Y',ln?1ll2no1n1fluH.i u:1nQn1:ollo.tx'to0'lnlf,aum taflalMua?tyyt1 tl.t!2a01n1flou

6rdrolsrir on:tnr:ul6truurin{ool R!-xo.:!'rnornrqfi6rfrrlilfiralorirnrun:rra r

[:Un?1 Saturated-adiabatic lapse rate.

2.3 orluoau (Wind)

4 4 t i io - , I eautuuo{fllJ:yfl0ul.tuiYriirflryno{lualunt:[nuo:[[nsol qmna ul a!

du:.:frnarlr:orirarur.r'raamrrdrunlrrnun:1#rdufi ru'[d 6nms.:d.:fi6:rruadodn:1nr:

:;n{uuaynrsfi rulorirto.:rir n?uri'trroyfiflmt.:fl0.:a!i6fl;y{ aeioililrolirilufiinld

nlfrlnto.t?o o1u
e 4 di ra ta ^JtuYrl{naf,]dgtIr:100'lInuruulJ5lJ1tur2ntfl o:flou1t,:1u1a aJ flr41.:

.i a-- .i -tfl:0{lJ0'lA14flt4'1.:1r0{nlgtldAUt:Ufl'l'l Wind vanc }1f,yll.l1O.:AlJt:1lJ 0nfl11171flY11.:YlA! O

J5 .i, la| < a 4 d a ' dr ,lul ${ tnum'r tLlrsuno0n0rn qllonlrtmfl rau N. NNE, NE rlds ENE riludu
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< a -i aev a ,
tn:O.:Uol4t51 tsl9ln:YllflalJ[:Un?1 Anemomcter IJOUfi AIUIUOq?UnUno

ttAt994qfl. rruun-lun:.:Yl:.1no!ttaJt[lJUvr:'int']u :vnol6ratl':u 3 0*.: 4 lu
o .l - q ,.i d 'i, - nv , d, a ,lt{u:0urln! turru?o{fi{udo{ tuIlJlt 2.5 fr'11l.]r:'l1o{ num?n ton;dln'ltfi?luruun:{ o r

< -rn, i ,t' A ed 4 o - d
fr?11rt:'lalJ1,{o H.rflu tlfltJoo']unJ lu tufi'tun?1![Q0ultny0llrfr?'rlJlt'Jnu turruloi fl0r111

b?druulu6nniuriu rn5o.:r'ofihidru1rol#;nn?r riato.:n:suaoufrdrn'ir o.s nrsr:rio
id'tu rT rrav'laflr tfiuuu 0ulr0n ?1![:?to{ ntsrrdatulfln?1 2 [!a:qo?1J'lr4

o-trr9q'q,i1'. rluu [uY{fl sitJtsnoufi?utul{o[[asllflu {u lulru?:]u [n:o{uoTuo
i,,, a .,o
u t!noBnvuux t1fl 1.lr1nun

n- [[UUYiott:.:6'u (Pressure tube)

fi40fl11fl1 IOUU1 Aflll0.1 Pitol{ube X11l:Vqnn tY

Anemometer uuu o'n Iu uG rirulr nirfl u ur r daunio uuultl rYo duium'n

flilx li?1o{fl:; uda!fi oofrt'r nrn { u u n:s6ru n:1 firi':u1o.:nar!riato.:n:yrtdaluon
n z, ,1, s , ., < , .i^

01n l!nnot? tu.i m9r:0r0?ulvl fi50n larrcr:01011 [lJ{ "1aq 0.:uoflfiu']rJlluuu trnurrlr5
dcrdAct

fin1U n0 U09l (1tuo0 fl?'lllt: ?l{UlUOA!fl ltmlnU 0.515 tUglt0l0?U111 1,1t0 1.85 n lntUa:

rioirllr
i dj id- ^lu0{ nlnxd':yl:.loYlf y{afl ofl :yudatulnulu 4 . a, ' anir l tt4ulnrtnnl: ldoluYl

hYs a 
^ , I a

[1]lj'rsdx tunl:onn.: d0'ruuaoa{n?tnu tFr:u0YlDytnnlnd{flfi1?1t: oulliuou qn tu
ir, et Ao .i" r, " ^ !

u]{fl tlJdlul:o ]u:[?or ta{t[0'tvllJt ul09t'lltYlfllfiun ln ollngnot9tfi9li Anemomerer llu
t, tr 4 s a t 4 Av nY a t t d i- nY
nu l! :o u aifll9ln rtgtft'l]lJr:?vtlfi tnnvrflMnn'1lfl?llJrt'llan n! ?n toiln Anemo-

rn.t". fin^nd'ruutt'u6u n?'rild{fi i;ol^od{ Anemometer alndrfiuGu tc tro: rfioisra
t 4e ^ I

rJ:sarridrunr: rn!a: 6qn'{q{r1nfiu6u :sruror 2 rrusr:

. j ' e I d A y Al ,)
ormn61'rlJlua't't1n?1![:?10{alJfl:ynuflxl1.lqlnlidl tulYllnr lounT t9

A-a,,A-a-
0'1fl lfl :o{2nn:yudnuo'r0yuru'lru5uuruuununot[lJu1o{dyln?1uq{tufiuro0']fl u }.1:o

a e e a - tr tr n,nv.
lJ1{Fl:{flO{nr:vr:1UlJO A10.1fl:yrrdn!ofl:Enu utcr{ tlJ tfiYllfl1:?o r:1d1u1:frfi1fr't1u
d.i,d
rirtorn:vuaarfi ts6'ileir{1 tlnn'lrxdrt{ud:sfi ir{n'rrrtr; 1[rnsnarlfl .rld6'roio'l:Jfi

^i.l---^lufiminflnu9no1 fl Dines s.1[1JU

u
uo (?to ts (2.5)

u
d;

fr't 1u t:'l10 n n: g I tfla x 14: J 9t u z
,1 A

fi ?1lJr:?fl o{n:srrfl aIm:39111 zo

llt o

uo
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2.4 n?rrdu (Humidity)

n'rrrrduffilrrodluornrfl{'x"l liluoqjlugrJto.rlorir (water vapour)

'A h ;d a I ^1l:!tol lout [uotflrfltu oB.irltofilHRllllo{o1n16uav10{u'l nloor?rR!10{o1n1f,d.t01u']u
. l. 4 a , l"r, 1, v i ^'lo1l'lluorn'lflnnvrrrnHtoornlfld'lu r:n:urot tou l l? tFlrJtn tl: inulo{r?n0 rnlfllurnsl

- ,,' 3" J
tlnHo:?rir.,o{u5'1nu10{lJ?4 01n1fltlfi{[raslr:.lou10{ toul tuu?a01fl1fllJ01vuu fiu?u

1o.:u:.:fiufiu-u!1#6'um'r}l6o uf rrasu^odurf xfonarrLortoriirilsoyr (u^aArufl:)

i ao, J-^ 4 4,
11iriur:!nrrmlrTx too 6Iauireiuoion rr l.rr!n: uavflu-ifinAulf (mb) firir

Jlrlnr 100 u?nunonl:'l.l[!n: n?1xqil,o{alu: o11 I uaar!Fr:t.lnltmlnu 1.33 lJaau1:
i - ! ^ ll , ed a ,' qe

r1r011t"ttfll1fl15tvrfi ux0.iu1t1nH1u11uqo1n'1fl o1lJYl0':.l1uft21u.:ou tfi
" la A - ^ lJ ,tirlrLranntorrit hrnnatordrfrnsln AouFr-1n rnfr? r{uriornrflonoqt'rnr nu[frodR11e

rJ ! ^ ! - -" !duoadfru 6orr: rd'u'[orirto.: lirrvirrirrr: rd'u'[odrr o rornre 1u an rrsrtu:uulra
I ' 

q U o , r9d s i c a
oln]fl [!dllJ1:O: XrO1 to1llr{M tOOn lrnvlrt{nu loul lul0liuur:un']1 u:{ou toulotJ

6? (Sarurated vapour pressure, e. )
, -, ,ifirros .. fi rirr:Jfiuuuilarsn!rirronqrufi n!-[raltldo{ 151un1tr{fi 2. I Iil

A 4 t e q 4 . ,, JA g , a
?r 2.6 [Uun:111l[ldn{n11rdlJ1'(u!:v1r ?1{qfl 4rnurr:{nu [0u'l0lJer? 0 rv{0'rt lu']a

ornrflfifiqilfiBrr' r unyu:rdu'[o;10{!?aornrfl1ul0ru riu e ryi{#oun'jr e. tqlugrjfi
- i i " hrd JA -2.6) froln 2 dr,!n tr.rqor?llun{fl u?aolnld8orolfl?rxauli,rxl 16onnufl:vYrnorn'l n1fl

A - e h, 'n:lY{!O P lylnoouYrlu [urlu?n{fl11r11f,yr'r{uo{rilu (l ) rrayns I Hunouuuldun:1y{ u:.:
s h ce s h o a
nU tOUl tutj0lsUU0v!n1[fl1nUtt: iOU tOUlOlJil? ttAsHAfl].110{ (""- e) t:1ttUfl?'l

Saturation deficit

1un:fi fi nrrl6ulul:aornrs'hiinr:ril6uurrilnr1u10rsfi o rRfixo{
,i

!'rnornrdann.: 1a e nrrndoufiluuu'r: rul flr idrudrufionrrLm-ayn{xoirlYu (2) iu
, '-i 

td. s t J
nr rvllilfi 2.6 10 p rEfi uerodrfl urdun: ryl lroyrrusliurL?aoln1fl srA!ei?tJfi ru'lorirlsru
.i - --' - A A e
vrn?1t.louu{ufllrTrnrnar ourl-orirdu q ?rR-roiuxaornlfllr sfur:1G0n'j'r

qnrrqnfilorirfrrr (Dew-point remperarure, to ) drqun4nafla itLrnnir ro lorirlulaa
A- i -

o "tfl '1fl t3r: !! n1 t fl au n'l
I

[uo{ n1nul!n1::vtfluou1.:od:31u do1n1fl aJuu14 tflo rfl5 0111n n 1?11{
y^!qr,tttes,a,
nuiglnntJu tnuln r :1y 1'1fl't::ylt4uflonn r:11a r i r1'fr?'lu5 0u n rflorn rf, usur n?rx50u

01u'luut:'lt:un?1 n1l!5ouutl.llJo{fl]::ylfiu (Latent Heat of Evaporation, h. )

h I 606.5-0.6951 caUg (2.6)
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-do nrro{u rnolnlflrtlu0ifl rrrynrry0d

trhcdra
nnu fl?llJYultavIt: lau tou'lulltl! lflltulltlu tulJiuvmqiufi Q!un]an a.l

, 2i ;o h, a e!rnn:lv'l ln p nvrndoufiluuu'lyrrru{r1rr'[ nrlfiarxtorrdu (l) oun:vvt'.:u: rdu'lorir
i- J-lulaaorntgfiltn6lst"a o RU tulalvuur:unotuunln:vr:Jr;rflon (wer-bulb

temperature, tw)
AJia^,"J

flu1n10{vI'lgQnfiu{cl tsljuognu :rJr fl'l'}uYuvllJogtuolnlfl ry{0s
I " J" 4 e

fl41'ro.: lutvloulo{ fl ?'llJtu'iltY.l1v (Specific humidity) [rasfl 1fl?'uJru01tvt l3[1lu0sl:1d']u

10':!?nlj0i tou l9tolr'1a10{o1nlflTtJft'lllJYu ttng lu't:0141tfli'1fld!fl1iu flo

9s 622 e
(p- 378e)

rio o.:zs " firirrioorliorfiuufiu p rr'ldalnr:lrrirflu

(2.7)

-ro-8 -6 -4 -? O ? 4

(2.8)

6 8 rO 12 14 16 t8 ?O?2 24 ?6 28 lO 3234

Temperolure ("C)

9s 622i

f,4

32

3C

?28r
E
E

,
8

.9
E
:
o
tn

?6

t8

24

2?

20

l6
t4

t2

ro

I
6

4

2

o

"1 T

e

/
/ .:

I'

c
=o
o6

E
Eg
.o

I

a--\

c

c'6
o
i
D

-a- -t{ 
rI

.le,tt

I

,

I I I I I I I I I

teul:llrl 2.6 n:lv{ttf,e tfl1 l:.tfl:JY{ut5gl.t 1'l{tt: i9u t0u101J912[tavo finlJ

I

I
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fl1:r{n 2.1 nr:[ 6uuu a iro rrr: {d'u'[od ro-u6'2ar oolfin- ir.rrirorflufiafinrn:ror :oyr

t

0.0 0. I 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

t0
-9
-8
-7
-6
-5
-4
-3
-2
-l
-0

2.15
2.32
2.51
2.'.7 |
2.93
3.16
3.41
3.6'7

3.97
4.26
4.5 8

2.29
2.47
2.67
2.E9
3.1 I
3.37
3.62
3.91
4.20
4.52

2.22
2.40
2.59
2.E0
3.0 r

3.27
3.52
3.79
4.08
4.40

2.21
2.38
2.5',7

2.77
2.99
3.24
3.49
3.76
4.05
4.36

2.30
2.49
2.69
2.91
3.14
3.39
3.64
3.94
4.23
4.55

2.27
2.45
2.6s
2.86
3.09

3.59
3.88
4.17
4.49

2.26
2.43
2.63
2.84
3.06
3.32
3.57
3.E5
4.14
4.46

4.'t I
5.07
5.44
5.84
6.27
6.'72
'7 .20
'7 .72
8.26
8.84
9.46

t0. t0
10.79
I 1.53

t2.96
l3.l I
13.99
l4.90
t5.96
16.90

17.97
t9.I I

20.3 r

2t.58
22.91
24.35
25.89
27 .3',7

29.00
30.7 4
32.57

2.24
2.4t
2.6t
2.82
3.04
3.29
3.54
3.82
4.1
4.43

2.t9
2.36
2.5s
2.75
2.97
3.22
3.46
3.'13

4.03
4.33

4.86
5.2t
5.60
6.01
6.45
6.9t
'1.41

7 .93

8.48
9.08
9.7 |

r0.38
11.08
I 1.83
12.62
13.45
14.3 5

t5.27
16.26

l't .32
18.43
19.5 8

20,80
22.10
23.4s
24.94
26.46
28.00
29.68
31.46

2.1'7
2_34

2.53
2.73
2.95
3.1 8

3.44
3.70
4.00
4.29

4.89
5.25
5.64
6.06
6.49
6.96
7 .46
'7 .98

8.54
9.t4
9.7't

10.45
ll.t5
I L9l
t2.70
13.54
14.44
r5.38
16.36
t7 .43
18.54

t9.70
20.93
22.23
23.60
25.08
26.60
28.16
29.85
3t.64
33.52

0
I
2
3

4
5

6
7

8

9
l0
ll
t2
l3
t4
l5
l6
t'7
l8
t9
20
2t
22
23
24
25
26
2i
28
29
30

4.58
4.92
5.29
5_68

6. 10

6.54
7.01
7.51

8.04
8.6 r

9.20
9.84

t0.52
t 1.23

I1.98
t2.78
t3.63
14.53
15.4o
t6.46
17.53

18.65
t9.82
2l .05
22.27
23;15
25.3 1

26.74
28.32
30.03
31.82

4.65
5.00
5.37
5.'7 6
6.18
6.54
7.n
't.61

8.15
8.73
9.33
9.9',7

10.66
I1.38
12.14
t2_95
13.80
14.71
15.66
16,68

17.7 5

18.88
20.06
2t.32
22.63
24.03
25.60
2'7.05
28.66
30.38
32.t9

4.'18
5. l4
5.53
5.93
6.36
6.82
'1.31

'1 .82
8.37
8.96
9.58

t0.24
10.93
l1.68
t2.46
t3.28
14.17
15.09
r6.06
17.l0
18.20
19.3 5

20.58
2t.84
23_ l9
24.64
26. 18

21 .69
29.34
31.10
32.95

4.82
5.18
5.57
5.97
6.40
6.E6
7.36
7.8E
8.43
9.02
9.6s

10.31
I1.00
1t.76
t2.54

t4.26
15.t7
t6.16
t7.21
18.3 r

t9.46
20.69
2t.97
23.i\
24 19
26.32
27 .8s
29.51
31.28
33.14

4.62
4.96
5.3 3

5.72
6.t4
6.5 8
't .06
7 .56
8. 10

8.67
9.26
9.90

t 0.5E
l t.30
t2.06
12.86
t3.'1 I
14.62
15.56
t6.57
17.64
18.77
t9.94
2t .t9
22.50
23.90
25.45
26.90
2E.49
30.20
32.00

4.69
5.03
5.40
5.80
6.23
6.68
7.16
'1 .67
8.21
8.78
9.39

10.03
to.72
I1.75
12.22
t3.03
13.90
t4.80
15.7 6
t6.'t9
17.86
19.00

20.19
2t.45
22_'16

24.20
25.',14

2't .21

28.83
30.56
32.38

4.7 5

5.lt
5.4E
5.89
6.3 r

6.77
7 .25
7.'77

8.32
8.90
9.52

t0.l7
I0.86

.60
12.38
13.20
l4.08
i4.99
1s.96
17.00

18.08
19.23

20.43
2t.'1I
23.05
24.49
26.03
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fIl:].IlI 2.2 VARIATION OF RELATIVE HUMIDITY IN PERCENT WITH TEMPERATURE

AND WET-BULB DEPRESSION ON THE FAHRENHEIT SCALE

Pressure : 30.00 in.: 1015.9 millibars

Source: U.S. Weather Bureau, Relative Humidity and Dew Point Table, TA 454-0-3E
September 1965.

aqrJnrrrl$ulur-r::u1nrf, dM:onrill6rldlugrJro.rrvrouoirsl d"rfi

!og!: : tuu::uln'rfl, en r[:.:ou loul

t s U . < e d q,
lrt.:nu tou10lr0r?mq luyrf'1lfiua tfi, es

fl. Saturation defrcit, es - e

-; ! yn. qalfl4rJmlnulnl{, rd

I --t0. fr?llJYudLtllvlf, R H



2- t8

9t1:1{n 2.3 VARIATION OF RELATIVE HUMIDITY IN PERCENT WITH TEMPERATURE

AND WET-BULB DEPRESSION ON THE CELSIUS SCALE

Pressure : 990 millibars:29.24 in.
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gnTl{ 3.1 Computation of rainfall depth and intensity at a point

Time
(min)

Rainfall
(in)

Cumulative
rainfall

Running Totals
30 min lh 2h

0
5

l0
l5
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105

I l0
115
120
t25
130

135
140
145
150

0.02
0.34
0. l0
0.04
0. l9
0.48
0.50
0.50
0.51
0. l6
0.31
0.66
0.36
0.39
0.36
0.54
0.76
0.51

0.44
0.25
0.25
0.22
0.1 5

0.09
0.09
0.12
0.03
0.01
0.02
0.01

0.00
0.02
0.36
0.46
0.s0
0.69
1.17
1.67
2.17
2.68
2.84
3.15
3.81
4.17
4.56
4.92
5.46
6.22
6.73
7.17
7.42
7.67
7.89
8.04
8. 13

8.22
8.34
8.37
8.3 8

8.40
8.41

1.17

1.65

1 .81

2.22
2.34
2.46
2.64
2.50
2.39
2.24
2.62
3.07
2.92
3.00
2.86
2.75
2.43
1.82
1.40
1.05

0.92
0.70
0.49
0.36
0.28

3.8 l
4.15
4.20
4.46
4.96
5. s3
5.5t
5.s0
5.25
4.99
5.05
4.89
4.32
4.05
3.78
3.45
2.92
2.1 8

1.68

8.13
8.20
7.98
7.91
7.88
t.7t
1.24

Max. depth
Max. intensity

(in/h)

0.76

9.12

3.0'7

6.14

5.s6

5.56

8.20

4.10

a A :,3.7 n2lUAnlOAUt0{t{ lflU (Equivalent Uniform Depth)
I . i ;. !];ruo{!rnnr:n:!01u1o{dir'lu irnfl iuanlnan unrJ'[:.iarirraronnri.:fiufr

lraslunr:ilril;rlrarrirdu'hl1#il:slulriludruisan::urilri{ilrxioafl'tn::rrxa:synu

fihildfior:turrlirlrililrtJurfiu{nnls,onnurrlqurnury rreioyfrorlfililronhrlura6ulu
A ri .ia y 4 i r

u5r?0l1rurr4flo{nr: :ru nr:fi1ft?1!ontaaulo.rHu dltJ t:o111'ld01niifi tsnrir:sio1ilfi
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3.7.1 iirqdulourartnfin (Arithnretic i\{ean Method)

--i4 --i, -i " - Z ;;, y
xruruu ?t r.lluYtdq [Y ! 1sd']fi:1jflur4Ylfiou1lr.r:'lrJfi: o: llJ uaYn15

n:snluroiflflrfidr ufinrl.rarilalon-rri.:ririr osrirnr:rafiu ilr rir uornaoru'5q

ririlunroluu'ufi lo ulda! nr:siolilfi

R

R!,R2,R3...... Rn : ilirrorilrilurourriovaorfiluvr'ufi{rrir

|{n, +n, +Rj + ............ Rn)

n

(3. r)

ITJ O

n

R lJ: U lfuultlut aull?14{t{ut4

irurutoranrfi inririlufrruro

3.7.2 ?trflO{trlodldu(ThiessenPolygonlVlethod)
o<.ic, I | 4 '^d i
1ru lfifr?'ruonao{uullounnll'tf I outtllllloln fl 0ytfiulcd'l :uv{uYr

;, ,, '14nourr{:ruunynrrn:s nruro.:dflrfi5qd lJu lilafrraro rfluiiriru'rru rrilraAuro{rlu
s 4t

lounlu.10{lJtu1mur u10{do lu?fiqoYiul'110 ido lumnl oufl a tou t.l,dgt:o.i9lo tllu

+A R + ArrR.,
2 2 (3.2)

+A +
2

R
R

rlJ o

AlRl+A2R2+ A.rRn

WIRt + W2R2 + wnRn (3.3 )

: u:!ltuultlurqnum2m.:11ut4

: ]J:U'ltuu'llluYt?9 tn10.:llnaEdolu

- 1{Ulrm0qRlU tgl0 r1tn10.1do1u?nu l}lulln 0gdo r1]

a !; .j
lllUTrUTnlU [U1O{irJ AlUl nU!

R

R1,R2,"" Rn

2, n

A At +A2 *....... A n

AnAl A2
wl ,w2, wn weighted factor

l,
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3.7.3 ?Grfi uurdufurirr.lu llsohyetal Line Nlethod)
6dd di 6dd.l 1t I'lt1lruu tnT trfl'l1u0nflo.:rr u ut:r t a i'11flo:'tt lliet'.11t1 t1-1tJ15dtfi5u

qa;4d
tru yrolJu 'lY[Jdfi tu loul unlinru0uoulthrlttruu ng! nnu olg [!ut15 tufl ifii ouflllj']

rdufruil t.Jurflurdufrnrnr.irurflfifinrrudnrorrir uryirriu anrufr6'.:cro ranrfi iq rynn
; , 
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dnr o r r'lu'l6odr ruriu oud r{u lrruufrfrn:drtltldrt'ti rdud lrdn!:criullorn'' :srra

ii'nutu;nfirJ: rrvre fismrrnr rrrlrirarolnqjl qaq ur'oldrl: snounr: nrardufrunxrrl n'a
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A nR.
A. +A-+t2 An

(q;rJ :.4

:;nol)

R
AlRl+A2R2+

llJ 0

n

n

R

R

(3.4 )

: 115lJ ttU U ltlUrnnum'lmi uYl
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R R
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2
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5in
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boundary
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4.5 in
4-5 in
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4 in.

35 in
3.5 in 3-5 in

3in lin

(b)

A\€ragc prGcipitation for
cntiE basin =

EAfii
DA

(a)

Avcrigc
Prccipiration
for arE A4
is 4.25 in-

(c)

grJd r.a nr:airrrdu#uririlu (rsohyets)

---------"ll

A6
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f,aoeirqfr g.r r.rufrrilrirrrrismfrrd'luan.: tu: fr r.s iliurililrduil:rdrflrlolrrsiasanrfi
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l) n.lH tfr llu nnrq f,010 :! I tlut4111{111fi40'101t lit du l6ut611ftfltgt tI101t

r0 fl rfl uttav'ltlfl utrulJ ltlu
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1{Uvt

-JtrN1
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H

I

F

E
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).+.16

29.29
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21.74

t1 .67
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DEPTH-AREA CURVE ANNU.AL PRECIPIT.ATION
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(4)

rilo5 lsru 9trlirrurirdu. u'l

(2\

riufinrulug

! au!,91:

(3)

UN1

tnru

5.4
t4.7
l l.0

2.0
r9.0
3.1
6.8
6.E
5.7

20.'l

90
249
I86
12

320
62

ll5
ll5
96

349

r00

?fl0ilfitodrflu

doru?q

(1)

filrlutll9r

3-2t

8.6'7

17 .67
2t.'74
17.8 r

I8.25
23.'.l t

24.95
34.28
33.19
3 5.53
29.29

I,687

(4): (3)x r00/1,687 ilnv (5) = (2)x(4y100

n 1rlj nnlD n010.:u1,.1! (EUD) = 24.67 u1

rl5!rilrirr.Juflru

doflluto.tYluYl

(s)

D
E

C

F
c
H
I
K
I

0.47
2.60
2.40
0.'16
0.3 6
4.50
o.92

2.26
2.01
6.06

24.6',1

fl01l

.L',",
?tn uurdutr{urBru tnrrrnlrrrirueiu'1fl ufl r: r.:fi :.2

a/';'4y3.8 n]:?[fi:]3fln]ttuotultrjo{uorfl?t nounoutottoua

(Analysis of Inconsistency and Homogeniety)

lunr: irioXntooirdu }11#ri:vlorri rirulrqjdo{n1:rio{a1u'i?':ur'r"l

ruiu :vuu :o fl rErirb?aafi'ldornnr:irn:ryriinlurf;o6orrrnArdu 'lnorirhl{ororir
.r.
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rniorin nr:uJiuuu n{ro.:dn'r lr?ndo!:oudo1fiiordtr nr:roiruro'ulntoreiuhi nr:
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4d9v.tgnl1{1t 3.2 lIdfi lfl Itfrlu-Jollr lfi']tlJ0nln0010i u lnul!r10u lduxu u ltlu

filt-lut119t

orr16n,rdo'r,a rrirdu (e u o)

L (3) = A (z) uav (+) 'ldornnr:il:vlrsr

2. (s) : (3)x(4) ttaE (6) : 05'J. o.: (s)

3. ('1) : (6)t(z)

4. d r (2) rrns (z) h[fi uun: rr',luao.:naudlr[uf,: vrjr{nrrudnrq6u

tos ufirturoro llr'ufi sirrraqllupJfi r. ro

rrngrJfi :.t t inr:uJduuurln{nrrrarorvrtorrdu,r:rr{d fl o.s. t959 rdo

n:araourrn:cinro.:aoriiru'irlufl n.a. tqss inr: Jruaorfiinrirdurn: rcd'o r nr:
9 aa t 9 a te I aY I s I

fln'rY{ la.:lls{flnn?l n{uu overo{tJnr:U:xlox0nou1j 1959 t? llnxlorJa}Ja{U 1959

lounr:4orrioqnriouii tgsg rirudn:reirurJiuufr {Adlurr..nt ratio) 1ugr.lfi 3.lt dfl:l

d'luutuufl ufnrvnnr 1.33

nr:r dourr artornruarorvnLolrdun:l,lfiorrfiuld{n rioau.rt:o
,i,n:roaouorn:vio=tolaorfr'[d'irfinr:iiliuuurjarri.r nr:r 6uuu arnut::urrsrtor

an rn qm oimur o c'lillirhln rrr,r n rnnnnlduu'hlu,r: r;v1naorfi'ldiuHan:syrun:srrdou

rlflJouflu

lduru

t: rolr,r,

u')

(l)

uu'll n I u

rduSllu'lIJlr.

n: lud

(2\

l'tuyr:;}.t1ln

" J i,
' 
duxuu'l,lrr.

n:.11d

(3)

rl3 u', iu ri r r.lu

l9 n u: : ?t 11.1

rdu{urir u.

u't

({)

rjirirn:to.rrir u

rir -crr.fuii

nlrlranrqn0

r rulu rdudlu

ti rrr.;i.r

(7)

::tl lt.llflu

iurirdu

(5)

ac ar!nru1u

rdunuu-tHu

(6)

30

25

20

t5

l0

. I0"

426

742

l20c

t557

t6'13

i687

426

lr6

458

757

ll6

t4

325

21.0

22.5

r8..0

13.0

9.0

I1845

8512

t0105

6426

t 508

126

| 3845

22377

12682

39t0E

406r 6

407 42

ll 5

30 16

)7 .21

25 12

2-1.28

2-1. l5

l.r I5



3.9 n1flJ:s lolrilto.r{oryafitroruru\ (Estimating of Missing Data)

dorafi rrsrnru'lilororfl unr: rsr{ru r?rfi hiarr, r:' o hl6udol n 1d,ti'u,
a a . - i, - ' : .e0ln ru ;odr qoul vSornSo rinri rFlu rfiu rioufi rvri r{or,l n'Iil1#1u n r:ira: rv ri 6r,ir

e a "!{ljusro{1J:srJ r nrlj o rro!ar1refi rulil nr: tsurruri lxoldouooror: rylt[c.ruu rdur!
!, -d i+

u ltJu ?![anu leutatftoln ?rt01I09t:ld11J na (Nonnal ratio rncthod)

iirq6ulqorornojsrunvi6dn: rri:urlnsr fir r: tu rr tn{orarlo : flrrJd0 rfi
e aAe u , J .Alou:0u uns [n adolulliroualJ ]frfi ru [1J Y)idtrd0luy]onutur:llrYrlttflltrtufldotu

otttfi (lndex station) rir:Jilrruritaluil:cilflilno^ (Normat annual rainfall) {oidn'1fi

o::rfirir:ririlirrturirrluil:v,irihlncr'ro.:anrfifi{o!nrrnfiru'l rnu to ulofr6us{ rir

nlrLlrrxrolrirro.:dolnlsruiGdn:reieurJnsr- Inal#dunr:rio1ild

Nx
N Pu*

3-24

Nx Nx
Px + NN

t4 r d v-- .i "olHnqt{n{nn1? l}Jlfru l0 [lJolr.rufl tY?tlqnulnurnln nt1fldun]:910

rirroriirrorrirdufi trnr-ru'l to.:aorfi!lJO

Nu, Nb, N" : rirrJiuonirrluil:s,irurJnflr,o{dnrfi a, b rrnv c

-L
3 a

P
b

P") (l. s)
b c

l,1lu

Px

rx

Pa, Pb, Pc

Nx=

]tru +ro +r")

x

= rirililronirduxondnrfio::tfi a, b uas c

rirrjirrurirrlurJ:yirihln6toraorfi ,,
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o-rodr.rfi s.z aorfiinri rilu * firiorynrirdu160uun:rorrroxro'hJ lurrur16orriunrq

r-iu onriJ:d,,ri r}irinrli:.r rnr rj rlulu 16ouun: rnrro.:aorfi o. b ua; c ryirrill 13.5, Il.2

runs 15.0 lryuflnJer: sn!arnr rjiurturhilurJ:virihjnO^ (Nornral annual rainlhll)) to{

d0rfi x. a, b ilas c rvirrir t tz, I34, I02 uos 144 rryunr!ar fl11liirfiu oi :c!riuvrri ,dr

r.lulur6ouln: rn!loidnrfi x

?t7n orrrrrnnrirlr orririlir.rrturi rr.lu:l:;6rfl nsrto.ranrfi x rrns a

(134-l l7) X 100 \4.5 0/o
tt7

nru,lunnsir.:ro rrirrjirlronirrlurl:c 6 riJrj n6t o.r an rfi x uov u

(ll7-r02)x 100
12.8 %tt1

fl1r rrfl n0i'l{1o{rirrJirlrruritJurl:v,irflrjnsrr or an rfi x uas c

( 144-l l7) x 100 23.t %lt7
rirrjiurturirilu:J:;,irfl rjnerto.:aorfi a, b rrac " rirrfirririliurturirrlu

rl:c,irflilnfirio.:aorfi x rfru to z 6.:rl:crrorrirdoXofitrnrru'hlto.ranrfi * louldiG

o'sr:rriaurJnsr

D-lrN^o*N*o*\ottx I . Na .. a ' NU ., b ' N. .. c ,

: j,i#rr3.s+i#xttz+ffi xts.o)

: jtr r.a + r2.85 + t2.2)

1l:tJ-l0lu lr.lurj:s n tre ouun:]fl!10.tdo'lu x

12.28

12.28 rsugtllr9rt

gtou

1u grJfi :. r z uanlaorfi inririlu o rrrir drnr:il:rlrurirr?orloriidufi tro

nru'hltoraorfi e Inunr:air{unu xy riruanrfi a nforrrdturri{ tA, rrns Ayl lro.:

enrfi s, c, D, E rlor r rfiurriuunu x lrnurnu y dluenro{lurio.rd 1,,4, + no,r',r"'ud

3.3 rrrir weighred Factor nlnd?undxto{ilo: ?utor:ruvyllronriro.:aor,

o2 =(A*)2 +(Av)z rrnc w ={ rJ:;lronrrrirdolor,lutocaotfi a trneunr:
Dz

Ltpxwt J " " ! , a <<1 1 a i:+:i-r yuunru'rolr4'lijorJ au] uto.:dolu A tnrmlnlj **++ 1t50 1.70 1l?)w " JJ+.:
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II

UI

t0

5

)

)

c
a

B
a

D
a

xx
55l0 l0

a
Fa

E
5

l0

w

grJfi s.rz rir uqrrnu x ltAY v tlludo]u e fifi{oryailrrluxrotJ

,',r.,0dr., nr:rr{olailufirrouru'hJrrnaorfilndr6o.r
(l)

Point
(2)

Rainfall
(in.)

(3)
Ax

(4)
Ay

(5
(D

),)
(6)

Wxl03
(7)

PxWx 10r

A
B
C
D
E
F

Sulns

1.60
1.80
1.50
2.00
1.70

4
1

J

3

?

)
6
2
3

z

20
17
l3
18

8

50
27.0
76.9
55.6
125.0
334.5

80.0
48.6
I15.4
111.2
212.5
567.7



rJilranirdufisrnarrur{fiulnn rr.rriruovnnr1rroqjorrlluhi1rLudtro.r
a i, - i a i, -v{xylrinflaun! r!ov{nmrnflnrou'hiarUr:oatioriurirdulSl6'siotl rirduosnnar6urrnc

, a o a q rc d , h,
ryuH'lufl'l9u olnuuutqud!ustuou tllul.r!Htu t6fl1:tfla0un10iu1fl1uH'lnu[:1[tun?l

Infi ltration rirrirufi nsrfi rrilirrriln?rudul#ud6u nlrL6uototc gnqntor}J1#lrrou"vnio

", ^ i ,. y^ - J , * .";. , - - i , h
:srl,tutlnnueunoq lnar{29u1u(o1n1fl [ouFt:.1 u'l1lsuHllJH?nuuu l{d1u0s tflaoonq

uriririirrr: rrnsur.:.i'lunr'lyndnn.:'hl6nnrulddrnfinato'rrr:r}llriartorlan nudrfu

6ufi 6l6a}1fi rorir nr:rn60 fi to.lrirrirnrirar:rGuo-it (Percolation)

a a 4 q. v 4 !, 4
Yunlotnur un?nlfiunon:ln1:su10.tulHluH?nu nu :vtRmn:?611:o

a ! a .o,, - ! o,,^ 'iyr:ruoylo-ar1n1rdrlto.:rirriru n-r6u6n'jr6urJ:vrnvr6urufiar rir}i:rriurirldouoqjri r

'; d d "" 
j

n?tH?nu fl 'tlullt n10{}l"ryrnnntsxr{nnrslllJn:vrYrou9l01l:u ltuu lYt tvcrrnn tunu

{i<^- < !, --5.1 g{nromf aflooq:1n1:.u 10{tt{1}ll1{9r?o

Nassif uds wilson 'ldrirnt:f,nsrd'n: rn t:Brtro'rdrr.irufir6u unsd: il
e t e - A . 4 l, -- 4
r'l1fl nno1U0n:lfi!fl 0n:1nl:cr!10{u'lH]UH?Ounuq tn"l nnl1InEAOn{ a]Ufl!n1:10{

Horton

5-l

4l
unn 5

Infi ltrafi on llClU Percolation

-ktf fc +g-e (5.I )

llJo f v e ! a- i
d'n:rnr:Buro{ liruilrnufrrrnrlol, rrrl./a!.

dor : r n r : fi l t o ui r il r u fi r 6u rfi o r : n r il r u'[rJ u r u o u rir }?
ai e u ! ^uo:'ln1:x!fl nfl xuounu tfr:.td5 t{uayan!0rclu010{nu,

fc

!!./s!

tl
fo

^o 'c
- a A y ! -a;On:1n1:cr!t:ll9lutlo.:U'lH'lUtl?ptUYl[?A'l t : 0, UlJ./a!.

- i, i -[?aluun lnr!or.lur: !9]n, u1lt
, AA !

n'ln{Ylcr{luouflufloldlJ1J9tl0.:ft t(agnnuarJtJ0.:r.l'tnu

(ulvt)'

k
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9 a 44 r 9/ 9, a a r, rd:,nl k nt!fi1u0u010u1111s nflat]fl10u0u Iu111{ot.1t'rltu1,.r?Flu[lJxd{

:Jnnqurao t oyfirirurn

nirto'r fo uav r" 6duo{niuyu^nror6uuazfi .:fi r.lnnqlfi 'l6unir,tiu 6u
a-id , ,.,-.3,

1l:1UU:OAUmlJn:1oyr:lUHdXOU1Jln[[n [!UylTlU flnqXH?fiu oyUflllOi fo lrnC fc rjln

lutor;fi6urmfioriihiir,'rdrrlnoqlfir6u rr1#rirlo.l fo rray f" fieu uoirirtor ro

" I i - ya d e . . ! ,

ruar f. tor6uri.: z :smr ryrfi ufi u6n dr6ufi u{ru5ofirfi urJnn qlilro-u

-t ia 'i ,lc luoqnll (l) n?1!AlnrmlO{1IUYr trl auuurlA.:!lfl :sfi 'rl{n?1!nlnlYr

9,A Z; Y
t6%-24% drrn'u z+z rirtor f" ryfinr:ril6uuurla'rrloual (z) n?r!frursrrduno{n-u 6=1l

fiinarl6urlouuiou#.rtgidrro'r f. u1n (3) n?r!rr:.:ro.:,Ju, i drnaurr:rtor urfil
l,iJyu,.*c,i,1U n110't t^ nttYuJlu6'lu ntfl'tlull:.fiiotll1-lull?1r!ufl1n1: fllnoJnonl: r au rr n,:n1

xo{ fc or.ir{tJlfr
,:

;rJfi s.t rranlnr:ul6uuuilnrrirto{ fc uosen:r.rfi s.t rranrrir k, fo

lta! t- flo{nu.ru69l1.!.1

nrrr.tii 5.r rirror k, fo uay fc tol6uru^neix1

k
YUnlj0{AU

Standard agriculture

Peat

Fine sandy clay

bare
turfed

bare
turfed

(urfi)-'

1.6
0.8

1.8

2.0
1.4

- ;t ea ! . ^-iu,-a, -a{tlnvrfluqnultla?tllur?0'lu1u ul$;cxlJfirufl1ou11 tlJUy{a nnnrnu

rnu lnulnrto ttJd'ltJltocluHlu tnrau ruo{01nn1:0nlruuuonHl0uytrflo ilntt:.1fl:g,lmn
d'qaa

l0tuJo tlu nt t r-119r1-l rirto.r f" n s aq a{ odr {:'ro ri'l uon!1nun1:o9l9r2x0{H?auylrnn0ln
..! r j - ,i 4 , oqr,

nu dn2 uasfl'll,tus rn:onnn: rn:0{!0n1tdl yll t}tn1uo{ fc ona{lyurou?nu
- .ia r

6ufi fiuJnnqlfi rufro{odr.rnulrriurcilrirto.: r" lrn rtrrlorriunr:do
- - i- d t

d'lniutorfrao*ufrrn-nrrnrindu :rnyr'tfirou1rnrlil1u6urir1#rfindoqroylu:r rir
he 3 ,, I ^ , i . ^ .."idM:ns! 'lu tsdyq?nllu nt:n1u tou 110n11Ts'tunnn't']usunlu luou ml hig'ld'1 1:61

- - rry-J i- ^ drocr! lu ?autafll so {1r: o ty{5{l1rnat lnauxdt:ouyl: u?flq08!1n Htotnonlnaigt?lt to
ddt - i"cr' ; Lt

Un{ nruun?n]:mml t frlt,fri Ic $,uJuun?u

fo

(r,lJ./ntJ.)

fc

(u!./1!.)

325

280
900

2r0
670

2-20

6-220
20-290

1 'r<

10-30
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High roin
hle.6ity E

E

E
E

E

E
E

E
E

Bore soil
Some soil

lurled

Low roin inlensily

Time -+ Timef -->

:rld s.r uao.rnr:t:Jioutt a.:toln?r!!xo{frn51n1:dldrufir6u-- -' ---

816243?
Slope (per cenl )

, ll!9l'lne

_l]," moinloined
deplh

/ltr
infillroling woler

grJfi s.z O{?OOO:1n1t.I!, Infi ltrometer

lai-
uonrrnfroarrt urn6otor6u ornrrfign6'nd.:oqi1u:vt'jxriol'jrltor

d a a dd I ,

lxofl ulrnvootl.tRlJ n!r{aoonl:ry!10.:u1H'luH'tn rau rnu?nu

- ' f, . .sa a A e, 3
daotirlii s.t rirnun}io'n: rnr:6r6lsiu, fo rvirfrr 0.3 fii/t!. ua;;irnlfi r rvirrir-r o.zg

-l !., s,, e a s 3ari. r{df't': 16rdn:rnt:ryr [ouont ln 1:s!fi n{ 0 rfll? n1tl1u [tJulr.irln ][Y11fl! 0.55 u?

ryu. uasl.:urrir irrtum'rrrnt o.:n r:6rd rur.r:6u1ur?or I0 *"r]!ru:n



2fflr 1lfldUn1:XO'1 Horton (d!nl: 5.l)

ktf

f

f" *(fo - f.)e

i - ' a' ! a, .i, . -r 4 ' a, ,1, <
r1i0 f. fo rlas fc 1rfiu?rj[!u1.r?/T!. k rJ u?ulru (1? t!r) fiav r !fiu']ullluY? [u.i

t rvru rir allu au n r : r s'[d

ritu:uurrit f unrriuuo{lunr:1.:d 5.2 rrasdrril r tJvr6'oqldrdfl5rn1tdufl-.ruflo{lu
o d4 | . h9o dtull 5.3 tun1: 111:ul0rulTslrH ruHlnu t y'l': lu a'l [lJ.:rr:n d1x1:nn1u20r too{u

0.55 + (3.0-0.55) e
-0.29t

-0.29t[0.55+(3.0-0.55)e ldtJ

[0.sst + (
) ^\ -0.29t l0fifi)e lo

riil r n : rTr mln t o.r ri r 6l d ru fi :6u lu t o {r lll'r u: n rvi r rir t z.az u'r

9tou

u 4 : ' --5.2 ?flt]oglltnl:a lo{ulHtugt?ou
a .i a i- aes o dl

Infiltrometer lljutn:0.tllo?tuull [,ifluou'ltltfl: atu anu vtlunir:.:n:g ofltljFl

firunsrilnriro druaellu:rlfi s.z loorjnnosl{drnau z ti{ rr{doufi'u1#fifiufinrirdn
4 | I | / qo ol u: ?{rrtl?u rduirf,uuflnl{rordlhlu 25 r.runlusl: xolo-iluuon 35 lsu6r!fl: non

}i6nas}llu6u luti'rr{.raollukiti,r1#oti,nfiodr,Au :sr,rrru s-8 finfirun: rrnydo{r6u

rirodrarou.r'o:hur:s6'urirlutYrviraolhh?orfi rirnr:ioil?rrnnirfirerrarlutirlulufi

12nr1n1 :un'xilrtoro'slufiufixuuru nvdroannr:filt olriroonnxdru{r r ornrirlulu
4hy a44u ' ' I v

,{aYl lntln'lnu t flauftnolo,tufl
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9t1:1{m 5.2 Ha n 1: fi'11.,t?flI10{ sr ?ou1{14 5.1

4.00

3.0

2.5

2.O

1.5

t.o

0-5
o 2 4 6 8 !O I

Tinle (h

r-r 16 l{r 20

rrjfi s.s ldr tnfiltration torsTaotirrfi s.i

Time (hr)

0.00

lnfiltration (in./hr) Time (hr) Infiltration (in.,/hr)

3.00 5.00 1.r2

0.10 2.93 6.00 0.98

0.25 2.83 7.00 0.87

0.50 2.67 8.00 0.19

1.00 7.38 9.00 0.'t3

2.00 t.92 10.00 0.68

3.00 1.58 15.00 0.58

t.32 20.00 0.56
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nrrfi rrirro.!oiorlnr:6rLdru fi r6u lnuld Sprintter 1#il nfi qndorn'jrii

rr:fl thfifiooonrrn Sprinkler r:liurrafiourhdufforn nl{vriufiruJa ruui.: d:unrurr:r
: " irdrlldxo f rnr:io Runoff filu noon r tnx'ufirrar1o1 rravn:rru:.tnorrirr.luorn Sprinkter

Jn,- " i; - i oc'! e, y -iur y
m'ln'l: ?nnUn:vYl{ llJll Runoff t nOOnt ]flI{Uvl}lA i 01nmfiUO [l.lUllla? IOIAm tndllJ'l:O

ri rl:Jirn: rsliil rldrt o.r 6n: rnr:6u'ld

dru:-rn'ufiq'uri rfffitu rorfin arurL6'jrfin t: n: v oruto{d1rlu df 1rd,Joli'?

6 a a s v Infiltration 'l6nrn{or:alorrhdu ua& Runoff fildfinr:Yrilrull [:1d'llJl:o1r'l tfltl0n

fur'nliodrqfiurvro dolarirrlu'ldrrnanrfiinrirrlunruluunvuir?0rlndr6uln'ufiriurir

otirrrioufiqo6'orfirnSorn'oiorirr.luurruo-nlufer- 1d0rfi ?i?u{o{aros Runoffdorldorn
,i a -. *

nr:fu -nxo{rnso.:u-oo'a lui6 riaururorgrJfi 5.4 ufla{ Hyetograph xo{ lrlullavn:r?{

uon Runoff fr"uJr2nr luunuet'.:rflufl't'llJu:.:to{Fluuasoh:ltor Runoff luurirotornrllJ

a*ncionat rirnr:afx Mass curve no.rdrr.lulras Runoff d{1ufl:cn1!n5ty{[6u?fiu 6'.r

ttdo{lurixuril't1o{:ilfi 5.4 Mass curve to{ Infiltration n'o osir.:to'r Mass curve to{til
duunc Mass curve to.: nunoff rirnr: irldrtor Infiltrution 1#6ur rirtosoa:rnr:dlfi

e c-) , .i '[?nrln.l hon']rxarolyllo{ldud'url'dfiornrirulnfio{:Lu ]ril vass curve to{ Infiltration fi

11o1r7u1

5.3 nr:'liftir ofl : r6ilr.irufi aGunrrJ3rronirsluanG

rlilronirduri'lurfiuniorJirLrturirduqri lnunt"tl excess nio Net

rainfali) rfluililrrurirr^lueiaufirirl#rna oir."r runoff (Surface runoff:-l!tiuullai?ut o{

Subsurface now luri:rdu) rJilrturirdu anGuio:Jirrru ri rdurirurfiufirierornrJil rorrir
, I s ,' ;-.J - nv ,

tlUYlit'lUO nOOflFl'lUn1: fltl.llflU011{'l mlnOtU0U tnttn Tnfilration. Depression slorage.

Evaporation, lnterception ngrluly'[d'jr

Total rainfall : Depression storage + Evaporation + Infiltration +

Interception + Surface runoff

lunr:nrrJilronlrrJuqvrnornlrilto{ Infiltrarion arlr:nn::rir'16'ri,:fi
s9l) IAOn tfi{10.: Infiltration n1flnl:fl01: 1an! 0rYU0EYUOI,O.:oU n']11t

4 - 9 d - 4 dd .
au[:uglu tuou agllxlllu nnq:.lnu tulu]Tqtut

tfiuuftllto': Infiltrarion [[oy Hyerograph ro.ru'rdua.i!un:iolu n: tdrAu']riu riluaollu
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s s c h,nlnr 10':H?u1 s, [!0flauulYl l!rnaouyl0un:sYl{nn b :.r10u11do"lu?nu1 ?n:!n!u1t9llr

41 
'eh, ltuvtfiulnn A rlan ?1!alnlmlo.l pr?u 1 s. nlnd0:10i[rrJuu{s,tat

a AR2/3 
"no

D (6.3)
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lJ0iflnuurYr'lu 0a:1n1: t n q': Eo 0yrnolufl0un'r:rnn:youul d{qn 0udl lil:ly2'l
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oYtry{n10{n?'1tn10r1110{r.r?u tylxu x 1n T! 0 0n ? 11l rt ?

lnufr'rr hJ inrru ilfl ufi ocdo rrl:'r-rud6'n: rnr: 1, urioriror roi'rti',d,
- i cc,e , A . o r, t A,

lrncts9uJula{ t rxlqdRl?vn.:yr ry{t1yfl2u t14 rurt 1fiu11ruts tldn1u tx tx{un't'llrx'lt.r liu
! 4',,',e- , d, , :3 ^ irray{lnlriniuarnil o-.rhi'td#rrnq'jlflurierrirfiunSorirar lounr:l#Id.rfiilfrurirrfr

r.rio }iltoranrrvnr:1ilan{d nr: f,rrnn:vn'uriraq,ar:s6'rrirrirdr hirioufinarl{rrflu

" " ""- :!1nufl n]: :uttnflM:on:vml tno{u

nrndfl :1o{rluuur 6'q:rn]:'lfi nIo{flR1?Bnr5"lfl afl ':fi q 1umr.rritrflo
a'dr

[!O1l:111fl'l n, R [[ns A nct u

G

6-16

c[ (6.4)

n't'lta19tYl10{dR1?gn'l:'l aR{fi

lu0fl?1lJnlqlYl UIYI]flU S
A a ! " -i . - !
ry{t u n:0r10 't: t o uu tn ]a {uu 14to:souu'l

a

StlJ0

flln{a.: :lJltufl l: tHAn:':

1

Qa wrflu

Qa S+AS (6.s)

1upJfi e.rz rrdn{nr:rndoueilto.:ndu'hi{rrvriruarodlud?{:sdurii,i.,r;udu :r;':.,rir
.iea,aid.A'hrr rouunrrmrfl h rra3rflrrurrlu h + dh luor1a]t,r'lu ttl dt tla; tux?{[?a1o.!nal2nnu

zl - h,&
tgtflnoun'l trlt u:gugYtl{ udt ttng

As dh dvdt (6.6)
Udl U

i & a o J, dt a ld 4 c , J
0Jo u [run?1r]r:?10.:nnuulvl2lt auat ovfirirrflullnlu'il iulxu llovruua! tuYlnul

d.: :1ud!n1t 6.4,6.5 c[[as O.O ov'lfr

s+(dh/do ru (6.7)
S

Qa
a

Qa
a

. dh/drr* LJs
(6.8)
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r r 4, :;-i a 1' - 'ulunotrrafl (corbet0 rra3fl 0ly [Arrusu1'] 1 tl.rY|r {lltyr!11uyt1{u1fl nnou
1r;6;td.ira
ll.tdtJ1rdto tu9'Nrn9ul atn n110{ u nvtfl'lr1t1fliJ 1.3 [Yr110 tn'] rur:'lra aurl0{1151r lm

u1

1.3
Qa (6.e)

[lJ 0
A 4 9o o h
Y{UYll.tUlnnmt rnl0{n1: tfi a

sYaotir.rd o.r r4rnr: ir'rlilrnnirludaoiruorntourrjrirerunuir ea ldrrir6'u r,r oo
),1

au.rxn:/iurfi lutulrirnr:5sr1dnarfr'.rnrun z {a]tLr :cdrdrrfirffurrn so.+o rflu

50.s2 Nn: :vdrrirfi:sov 400 rrrq:m1id1urufiori r uav i00 runr rr{drudrurirtoraorfi
<i

?nu1 !nlfl'l{nuourmlnu 100 !lJ. fl'llun?"t.fiJo'rfl2u' Ylln 500 [r.,qr r[aJn?luaflrQau

rrirrir + run: olnrdor:rnr:'lnatosanrrynr:lfi anud

?[1 A : 500x4
a;

fl 'l'l:.rr:'lraaufl o.:fl 1: [ra

U

1.3 x 1.58

0.t2/7200

0.10/700

3,r60
1.028

2000

3160
2000

2.045

1.67 X l0

1.43 X 10

9l:.tlJo:

rrJfl:/1u1vr

nl9l:/?u1vt

runr/iu1fi

1.5 8

U

dh
dt

-5

4
S

dvdt
USl+ 1.67 X l0- 5l+

i rv
n'lndrnl:11 6.8 nv tfi

o

2.045 X r.43 X l0- 4

1.028

3073 ou.tun:/?u'lvl

qvriufi :s6'udrrndu so.+o uLn: tsfi rirdo:rnr:'[Ha 3073 ar.tuer:/2-u1fi
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htrh
h

l* udt

:rjfi o.tz nr:ril6uuu:lalnruotntmto.:fitritnutenr
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dtirnr:iq6'q:rnr: lnaluriT ori'ldu ri, o,,,arr: rrro,r#, r:1dr111: onrn
,,A-ac,ese,a

lflUlltU!1u (Median Iinc) tllt-lfllyl?n tn [dU tfi.:U:Ul n]5 tfinfllnnl1nE tTtufi'l:

:surrunir Q to.:dRr?sflr:'ln nnrfi lualnr:fi o.s drrirnr: iorirto r eu uar $
' I r!, o , I - Jn, 

",r:rdrrrrtonsflrrir fig lrt rirrir jg unv:r6'urir'hln6'osrarlun:n{ uavnrldrrq6u

6'ruao.rlugrJfi o.t:
se i r - ! r , - :tlfl lnilnaUl0.1 LiS uastvoUul 01ufi11o.1 dS fi1!n110i:soUul

i- ng i zifrin'lri uvrurirar]ualnr: fr 6.8 lfiorllri1xo{ q ilrrirtos e rras:sri'ud ]lilnfrosrnllu

n:snr!n:ryl ov'ldldrrlilrornr:'lrafi qndol 6.:rranrlu grJ o. t :

6.4 nr:siold{il?ilrordr
" !^ anr:inililrouirlu'i?rfi rnsilril:un:vrirldurn lfl rlsn:?lrduuJn?1ur:2

di,
dn :snu lllnl:runuull n{tul?ir?n]f,u fl{ noutJlnuulovnluo dttntunl:?n ltng

' -- ! J . r a
rJirrturjrvilrn-rnrirrurul nslfrnfnn;{ilfi{ lunr: oonuuunTonr:arfl:lcfin?rrt6xon

rliursrir.4n.4 osdo{?r:lurirri:-urornr:'lnnfirn^ndulu:vn'ir'rdrvirl d.rlnufrahln:rir
- - !,,'o - o' ,a y r,, J ,l ' "y ,^ i

n1:?n:!ol_tu1 t?11:od{lflftt 00n1 u'lFtllJo'1fl1: : ostu tlJ avuu0Jo9t0 tfl {1J:lJ1tu u 10 0n

}Jr:rfi arrLr:nosrl:su1 ; rornr: 1rufi rrd'rtirfi fi rira.:1d nr:sioId.:fi u'all{iotidru

flu3?!

I s!r, ra c6-4-l n'l:floln{ : rorutuu tairnta{ tnurjflflnvd:1.tdutr1:10t ln{ :lJ101u1

- - t' ",!t oq lunlrudlJllurno t u

a k(h-a)' (6. i0)

:;gruull.r:o stage

rirnrfi urldrrndo!nro{ld':iliuiarr:'rdfi ol
v s!,,- Ii. ,

rntlunfl1a':?t1tontfl10rn10n tfl {1l: lJ 1Blu 1Yllt o u

d4tt,i-
fl?1!q{[ uru9l: (l.l'04a) : JHlr rnlfluuuurfl: o{'lFr:t9u
: - ! J i4- i , e tI UnE:tnljllln tHu.l111ro9l 5'lf rl: tv nrmrn!fluu

ru0 h

k

x

a
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A - - t<drnt:fr 6. l0 ryudn,ifl ilu d!{urirtrurdufi :,tuun:yntgnt11,,l logarithm

r...:arrur:orirnr:sioki.:rJilronjrldiru usiodrr'l:fi6 i6fifr.rfiiltynrru:wo'lindnlruvrrr
dh'A i -mqla lrl u{?'roYrnvd udqu n1:u1r01na10t dunl: uflflrn{ tll ta ua3dlr.rr ulj:Lnunl:

lrnurnl ortteinr:rilAuuurlnrotira'unfi'uxo{dufi fi #rd'nnr: lnnluriNirdu

9t?0u1.t11 6.4 lflfiu11l?u tuY{uYrquu ][[fi{11u'l lJ:squulqiqomui EUl tnrrnn:0unlu

rirrvir6'u 4.50 r!n: fi:v6'urirdlnrir: hirnuinr:inrliulornr:1iln'15 rs:J:c!ror rrir

rjilrilnr: lraro.rrirvirlnirfi nrnrlounror:crixrirua; ilrunr:'lrafirnurirnr:in

llflou

srr:ui 6.s 'Jeuo:t6uu'lltac]l:111 n1:t nt0{n't0u1nvr6.4

0.524
0.592
0.762
1.058
1.225
1.298
1.548
1.605
1.710
1.823
2.042
2.081
2.377
2.667
2.720
2.807
3.018

grJfi o.r+

[lJUrdU tfit

. c, sr, ,a : . .ee , i
riln1:Tra0a tn{ :ulotu1 tnu tii,orJ0 nlnxo iYr (l) [lny (4) n.:rrflo{tu

(n) rir{oXalo16arriu}lnflonarlun:voruntr?'l toganthm nsflx'jtn:11'l

ludon'j1ri rxo.: u 1uarn',rd o. ro hirvirrirguri

:rnuu1, r!n:

h
h - 0.365 h - 0.30

rjirrrornr:1na

a r . uJ 9t: /?u 114

(l) (2) (3) (4)

0.159
0.227
0.397
0.693
0.860
0.933
1.183
1.240
t.345
1.458
1.677
1.716
2.012
2.302
2.355
2.442
2.651

0.224
0.292
0.462
0.758
0.92s
0.998
1.248
1.305

I .410
1.523

1.742

I .781
2.077
2.367
2.420
2.507
2.718

28.9
40.7

76.4
138.7
186.8
217.9
267.4
282.0
302.8
370.7
427.3
455.6
537.7
682.0
651.5
707.5
772.6
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0lnnrrvl?ild o.rq (n) jfirrlilrruri'tn-"rrnu y fi:;6'l o.lus lddrdrnrirr
& qd q q J t dt I
rtjufi nnlun1: drJr9lFl r a iun?rn3 lofr?'ludltflun:;H']'t{ (h-a) rrnv Q rUurflu9l:i

lun:cnrun:r1',1 rogarithm rfioallsr a : 0.365 l:rT udrld.rrjilrorri-lff,fir0"'nn"'rnfi'u,
, -i d , s, <t e ,i

1o{a tuyor (2) rlav (4) rlurziu [Fl{airafl ou n{rrdo.r lu?llYr 6.14 (x)

rrnfinsfl vto{nr: Idra'rtorn: rv'l uao':'irrir a rvdoriri rrioun'ir o.:os
,i -,rfioaludrir a - 0.30 ov'lrildrr]irrturirrflurduni {lunr ser ru logarithm rirnr:siordufl: l

d | ' ; -:ntnol't00n tufl1{nlu1?1u0 [:'lfltYlu'lro :c!10ll{ln1 Q vl:;9uu1 4.50 t!n: tn tnu

tiru Q fisr:rfilrilrJo{ (h-0.30):4.50-0.30 = 4.20 Nn: r:ld Q = 1300 au.ruar/eulfi

orndlnr:fi o.ro uJ6uu1#oqj1u;rJtol log rv'ld

log Q logk+xlog(h-a) (6.1l)

rujo tog(tr-a) : o ogld e: k uda{ilrfior: rcirurir e fisr:lirrir (h-a): I lrnn:rl,l

logarithm oy'ldrirtol t uaylun-:otirld k : 205 au.run:/iurfi uasornalnr:fi o.tt

ax h-a

8.5
6.5 1.3

q riu1u6'rotir,:fi alnr:to,:1fr rrjilrort:',r0r,fl u

l3
a 205 (h-0.3)

rurtorrmurir (h-0.3) = a.2 ryld e = 1324 d,r1nfrr6u.:n'rrir q fidruldornn:rrl

nr:siol6'qjiurorri{ouiito{adnui&'u iidldqn:torurorlfi (chery16.4.2

a AC J* (6.r2)
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ru0

oldlJU$l?'1 c

dtnl:T 6.12

A

C

R

S

vtu11fiu'tnnnr: tfin
.:

atrJ l lS s dllt Fr 1't 1r u t 1: g 10.t nf clt

:fltJYAfld9r:

n?1!a10rvlrJoird fi n'.:ntu

.6 ufllfl{Yr ltas D
41 t<ir urirro in ?rx dnradu [[as1{rlyrurirto.: n lu

a,). f .,J r,c,
rfioirirto.r A{D ua; e urolyr.r6ro'r t noonall n:vnrun:ril rv'ld

n:rr4fiineudlr{ufiflurduer:'rIouJrrr.'* orrir,r.'orur:osioldrrliuranirld
, tr s !r ' A , - ,*i' v^

n11O.i c{s rJnrs'lrn{maM0drJxgrglu u9r?!ulofln1:oru :1.:1o{

vrxthfi uifi uuurlo':rdr1{dru 6qfi ui6fi fi nrnan!rnn'iri6urn

- ' i A & v Jre r, - -- ! , in?aul{ 6.5 10!a tuo'l:1':11 6.6 tllu10lJnfl to01nfl1:1n10.:dn1u?ou1tt .l1.lu.: t I
_j

tl:EU',rufi ln'r1o.: Q vl:ser l4.5 4sl
, i ; d, e' isg .i ry

ao{vr (l) o{yorYl (4) r uro{afl tonlnnl:?6 nor (5) tnnlnnl:nlulol

as uts to?]

o J; (6.13)KA

luriorfi (a) uac 'hlnflonawun: vnrun: n{r::rnlnvldnrurflun'udrfl uuliuo!a

(dua:{

(5)

i
tlJ O6ntldo{1ugrJfi o.rs 14.50 [lJ9r:h

AJ; 8200 \6; 24,600

irnn:r',1:ilfi 6.15

IJ 0 AJ; 24.600

an3 tft 48,700 au{ 0)/1u'lYr
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9t1:1{fl 6.6 ', 
dlll,/l0ua tAn 1fln15 ?ouo tdfilu lfiu I

6.4.3 nr: r; ror lrirrj?rursnirl
di

9tu?f ft?1 al0tYt-llut1 'tru0v tTd9r: X o{

llltuu.l [ufl1:?[f):1cl,t tuvll{ 0u9t0i!n1t ?e5vn1lu1vt1{n1ull4u0u'llraum1uu1lo.lflolu
, i- h, qe

?nu1 [uY'l{lj0.lfl1:tnn :!1un1: tHaq{En 5JnuulYl{do.lfi tll2o tn0v tnfilfl1l!nlotr4

10.:ft21J',I fl l1O{ A UAs R tn t1nnl:?q:snrulYtdolu'tnu1 nlnqn:1o'lrllJuu{

a

rir n tormrsdrr::lvrsr^rvirfir 0.035 lou rrurru drrirror n fiq'Iil o.oor

^ -- ^'- , '.i, tr n' : , d t

nrl4r t nrlo'l Q r.rn nt6 3% 'ttulr qoo0uoqflntxo t n ry{!E lufl.lvt uonv[lJnuutrua{
t v c I a ' ul9 , add dt 34

9t1Uft1uo{:souul 0 tiln'l: ?nn't'llJaln[ 10{H']111tuY?{rlnqulYl?!tlrrn?'lDung[!u']:

oflda
v a1, ^ i rj , i;,'- J

do.t'lt dayt'lunvrdBHnfl aloru o.: tnnt:t nuutl n{lon uylllu19lo al
-J , ! - !: -J
rfln1un1nfl'l:flnrs'13 tuYt{uluon (Flood) uavfll: Flnncrlouluslnlon:vauulfl1 a{!u

n?:0r{1nr:;n'fr'ufivr?r6'onr:'lvarravn'rrl6nraAo1udrsnarfi1nfr'tirnartolnr:5sr

ofl: tnl: tfin

713
ARI

n
l2

S

:gfluu'l

Tlsr

v{1.r Yl

qt.{n
nllUAntOAU

vlsl

10fl:1n'l: HN

ar.vlfl/1u111

AJ;

(l) (2) (3) (4) (5)

1.72

2.50
3.47
4.02
4.26
5.08
5.61

5.98
6.70
6.83
7.80
8.75
9.21
9.90

14.50

263
674

1,200
1,570
t,790
2,150
2,380
2,910
3,280
3,420
3,960
4,820
5,000
5,250
8,200

1.5
1.8

2.1
2.8
3.2
3.9
4.6
4.9
5.2
5.4
5.7
6.0
6.1
6.5
9.0

1,020
2,700
4,900
6,600
7,700
9,450

10,700
I 3,100
15,100
16,100
19,000
24,100
25,000
27300

322
904

1,139
2,627
3,202
4,246
5,105
6,442
t,480
7,947
9,454

I 1,807
12,349
13,3 85

I
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6,5 3urfl:ttayd?{taarnr:rBoitrit (votumeand Duration ofRunoff)
.; , J

n:11{ytlrdn{R2'llrd!liuD:s112N0sr:1ni: lfi nxofl]lytlrravnot [:'lriuntr

n:il{iryir (Hydrograph) r2nrdnrurorn:lr,,ldrvirorrosrflu r6ou iu xio{rtrul fi16' d'r
t ,- a y )', t -i ,-
1U0UnUn11!0Ut0U0rtavn?'lunna0rrFr0{n1: tufl't:?tnt1y11 unsu.r1u0uflu1u 1010.r
i ;, ! e a
rtufr {rrirdru : run;rEunro.:n:rylilrviroyroilr}JnriraluuvrEiol:J

6.5.1 Mass curve i6n utr.rfi1#lunr:irn: rc#daunto.ttirvi16o 'u"r. Co*"'
4 ri ,- J ,

Mass Curve l Un:1y{YlttaYntn?1!dU Un:sfl?1lfl'ldydUllOlll:ll'l0llllyllflUt?A'l tl'lttdn{

lu1Jfi o.ro rJirLruto.:rhvirovo{luuriautolrlilrq: d':ldrrn,.rnfl xo{ii?.:rxarnlrrfin
aa

u11l tllnton:1n1t luarnau luy2.:t?a1uu dlnnl0{[?n1ntu]ru?ut:lu'tult: oro0u11t0tl

fl ?1ra1nlvllo{ Mass Curue dtanrlnl ovtfl urirtoro'er:rn1:lxa

lnurjnfi Mass Curve osfidnuoryrfluoaiu lurirufifinrlua1or uln

tcrfluiirlrrnrfirinrJilroni rrirurn (High flow) uoslurt {n:{{t!luri':ufifinrrlareryr
e a 4 t .i- ,^ ! , n du00fi:0uuu:1u nrl ua2nt?alyltnn : tolrilY|tuou d't lJln Mass curve 03 11:g luYU

.,a!lun1: 11U',rOfl ?1!1n0{01t[nxu1

& ,; 46.5.2 Flow Duration Cune I un:1y{Ilrda{fl11 rYUy{utuo{[?d1t4: olljo: laun
lari-

10{1?Alm{' !a .r{Y?.:r?d'to.tflol'tlflnon:1n1: l110ltu1u1nt lnur tou]nfl210c!:'Ifl15
rr i" ,j i- ,' '!,lUnmn1UUO alttdn{ lU:llYl 6.17 Flow Duration Curve YlrflA0lni0u alO{n:11{UlYl1

a, A a iago i "llnlucl unnaonu iulljutn:0.:u8yl [i tunl:andu t0laonon:lfl1: l11aYln4lrlEdlJ ti'll,t:u

inoil:sa':drqxrsorir.r ur: rsil'ufi 1dn: rr,luyrurjiurn:10{il1yi1
c ,.i a i o "lu:lJYl 6.18 t u Flow Durarion Curve Yl noflai lun:gnlun:lY{

Probability loofi q oqirurrnuro.r Logarirhm lurruasr'r drrir Logarittrm 1o{o-fl:rnr:'lfia
d<i4,
ltn]:n:Yt lulllullflg (Normal Distriburion) Flow Duration Curve tsilAnU yt Ulaiun:.r
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n:rY{rir lravnrrirn:rvri

7.1 n:rvlrirrit (Hydroggraph)
d, 

':rilun: rr',lfiuan rnarrL drr{ud:yu'ixJil rornr:'lr aunyr:n r lnurJn6

atrr t: ou r'ld'o rnn:rr,,lduao rnrrrdur(uf,: v n'it: v6'rL i. r6'unarfi 16'ornn r: ioto.:aorff

iorlt ttdrrirnr:u nr:;d'uril uder: rnr:'ln o6nn:-lilu'l lnuld Raling curve grJirlto.:
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n: rllri rrirnyiuotiriuiinuorynfirj:srma a-nu cnuornrg unynoralffimrqornnimurrrny

t tol2Yru1rJ0 { n uu 1

tt : 
'7.2 0{n lvnoulo.lt{ tml

7.2.t Surface runolf rjirronirrlufi srnardfi :Ianurrrieu tsaorfi u'hluiostrn

n1::sn1u nndrro{nrllulflluudrtorfirfir,iurJnnqr6u (tnterception) nndrro{1urio
- { n 'nr,- , - : i;, :ttot flqu fltuH?ou {{'l!'lnslnoofiu:suum1'rrt10 iflurnal t (Depression srorage) n'r5
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A;
H?nu?r:oflr,ru1

mxdr:srnmfiovu
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Storm period hydrograph
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i ,^ : , ^ 3 r,,An':rlu:.:to vJurirxu=r ilirlruri rvirg r qn trrfiofiu ldur'o irrrurol Surface runotf yr-?fiu

fi lnn'[:Jo'llnoon (outle0 y rrra6{'jrilirLrartol Surface runoff trnfi ufi 1nn qnlnalrJdr
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lnoOn tUX0tsvlYlUYld2UOUl nU{ Surface runoff 0$ NOU [14lnA12nYlflOtU tAU lrull
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ds - Q, dt (7 .3)
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ds ao dr

Qr

K

S (7.4)
ln Kr

Inurirlrjirrrol
: , t tt !,K- nt I n{ 9toonx?tofl:1n1: lfi nto.lrrgto; o{n :vnou aguufn

o1i ryi'ld'il olurirfl r!dn: rn'r:1 a1o'rreiaso{riJrsnou

-,if,rstixii z.t 0rnnr:d{rnnldnnr:anarto.r rvir ru'ir1uiufi t0 rr-quluu 2540 idn:l
nr:lua 1,000 au.lrte1:/eurfr rirn.:fitornr:anar 1 r. ; rvirtil 0.9 ludaqnar z+ #rlrx

orrirurrurr iurornr:'lnnroriud l5 fiqu1uil 2540 nrndunr:

iirir ulnf,rrnl:

Qt : a"K:
Inu eo : 1,ooo l.'liurfi

Kr : o'9

t:5
ruvruri ra r lu a! nr: oc'l#

Qr 1,000x(0.9)5

r,000x0.59

590 u.-/2u'111

irrornr:'lu ntoriufi rs n-ourou z5+0 ryi16'r sgo l.ttiurfi

- ' i " ,i & ,-
sr?or,r{yr 7.2 tu:rjyl 7.9 nrrallusrr:r.:rfluililrornr:'[narq6a:ruiurorn:rvlrirvir nr

, ia -, -^'lRln{Yl14:0dulJ:cdYln10.:n1:and{1,ol surface runoff. interflow ItoY baseflow

ad. s,iirir rirnt:nrion }i.rnr: nnaltorn:ry'l ryirnrlurr:ynrun:1y'l Semilog 6.:uao':1upJfi

7.9 unrfl nn1:rirurorrranrodlusrr:rd z. t

K

T
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DAIE

MTAN DAILY
DISCIIARGT,

(m'/s) DATE

MTAN DAILY
DISCIIARGT

( !/s)

t'79
167

t57
l4'7
r39
t3l
121

fi7
l
105

r00

Baseflow only after
thir time

I

2

3

4

5

6
't

8

9
0

278
26s

5350
8150
6580
t540
505

2E0
2t9
t95

t2
t3
t4
l5
l6
tl
l8
19

20
2t

_!

r 000

r00

10

s

Us€ K.o,=H=rru
useK,,=*=0.18

lnterflow only after
this time

= fi =oor4."-' \ us€ K,,.r. I

{,.- \,
o$- ' .,

s

s

l5 20
Date

nl:fllnl Itu 1'O{Sr?0U1{Yt 7.2

30

:rjfi z.q

t r nnr:rfi uu ld.:rlirL rrun r :'lu a
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7.4 ?riifi ruan:vrqun:vrn^oucio:ilir.:c,orn:rv,lrirrir

: :-l i r ur o r n : r y{ ri r vi r r y fl u o ti 61 6 n l^r,r a rn x n l-o r n r fl : rrr vT.r d u dr u fi n u s

" ji Jto':nl' ::rraunyfinuor;rr rt:fiimorr orrildr :rli,rrorld.:nr:r llrunyruounuomr
a < .is,,

afltnrr-orflrflr urirulnni lurruvfr ki:tornr: dan r d'r l d'hifiuotirira'nutusto r

1{1UHU

7.4.1 d'nu sl,ornfr ornrq il o ilrifr fi 6mr^uasiori rvirlunrirfi fi rr-rfi

ty narlu:rrov,lurlnid'r{rT nldilusrn fi 6vrrvrasiorjilrcutoidryir o" : r

torililranirvirardnuayii?{[?n11o'1 Surface runoff
j

aunyaurotrp.lunnlilfinr:ul6uurular drnarrrr:rtow.lufionlrnn'ir
,,1

6'sr:rnr:6rtouiral'hJluduudr rJilrorri rvirfiln auu fi'r6il (Surface runofg nylv{-udu
||1

otit:rntErsrrlnr:rrnrdutornrtrr[:trovlu ua; irLrn:rirylnro{n:1Tlil1yi1isrfi!du

9'tu

drn:ruu:nroqrluhifi nr:r:J6uuruJar nr:nJ6uuu a.:ro'rli?.ir?aldduqn
,.J

nyfi6vrrunsiorliulordryil({qouns:cusr?a1ro{ ryirfilna}JrLun.l6u drnrqrJurfiofiu

luur'tn'lu'lu tufl:Jvt{u:x10lu'lr'luln0]lYl. 4!nflrflfiR tufi 0{fla1u[]Juu1yt1 lJ:llt0lu'tIt1di
dt eq ta A 4 

' 
d i; , :

qn ngrlnllIl tnaflufitlo't "iA" uJo i rllun']lulr:{1o{ u rlay A luulluytlo{qrJul
i te" i ;, ! d aea 7)

n: frd'in.i'l20lonvrn=niu lilun-ufr rirdllu rordn unsl.firiluiodrnunlun r:oonuurvio

:s 10 ]rlu m0n0ntlUlntnn (Small Culvert) rrasnl:aof'luuu14l'::?u1u 11udu1!n-u

,ror,.o',lfiilri',lna}Juufia6unyuurnJuorlnr:rfilduto':darranrfir.lusrndru

2) n1:n:snrulo{drilu a'ns snr:n:cororo.:ri rr.lufl ru1iufi arrr: orir
cst, ,i,- ,f, , rn - i;",,- i;
tl4llJ:1i1O.in:1Y{U',rvl11ln1:ruauuu ni to 6lrJ,.lu9rnHunuu{ufl [nanu 1o00n1o{}ru1']

riutil .iauaarfin:rr,,lfinr:uilrjuuas aoalosduv6oinr:rfiudu rrnsannrodrr:rnria

o'nu ytosrieu0ofl nvrr?ra luyrr rsr:.rdrrdru'ufifiidusrnurinodeirur-rut otu'ufit{rrir
A J ,: ,:otnatlnnnoon fl1:[Yrullutln3n1: ao a irj0 ifl:11,1u1r4]nv [$r?a ru ru r[asanu vd?u

uon ng n11.t

:) fiamrrtornr:rndoufi toorruilu fi 6r4ifl aeioruroxo{il;rrrorli1yir6.l

' 40 I hqa llaitl{[24]mu1Yl1l al uHl9lu trnyn;ljr{an:EYlun:JlYloulJlnYlqnn0T{uYlYl1l
I I A dA ll | ,0n!olvu1't uufluYlqtula{na1?011r'lrl ulJYrflvr"t.tfl 1: tfl aouytlu tlJfl 1{n1ulltu 0ultvYl l

^J,,i:1#rjirLriurirvira'rdariln'ir rras:sus12arfidrvirlfln'hluu fiasuuiurufl?inr:rflaour
|, ,,

1 0.: 11 1U 4{ 11 1 
'1 

fi 1U t41U U 1
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4) auq 10 {u 111 a na { dll un u r rn y rB n-r du uayfr r s n yfi 6vr rvr a ri o n : ryl

rirriruonsir.rtiulrn rJilrorto'rriryirfirfinrrnfiustgrfindu{rn'il:.,rirdrfioornrlu rn:ry
i< - 5 

'l,, 
q d e 9/ .

l,ttvmetn 0{dTtusu t! toatalu11ult an!uin51y{u111'lvtlfl0 t1n !ynouitl{ trn]fl?lrtny!
tl

fl ?uu0nn11{n't'tfl :'tY{u'lvl'lYlrfl fi nlnHu
, A- ,) " , - J J , . j i , l

Y{1Uf,,lU !'r: O.:fl 1H1rnA1Un1Un3 1 tHrnnu :! rorlJ lr41q.:qn tUY{UTa!U1
d a, ," ! i. I " ;

turnrfinocirirrl rnn'ir1un'ufi {rrirtu rolut! lurtuzfiu rqilutu rorlu qjurr cyclonic

rtortuu Frontat tvfiomiuaodr.rurnsio:.liurturirvirrrlun'ufiriuriiturolnai
- z; '7.4.2 dnuarvlo.liiufidudr firfii6rnrnasion:rr',lrirviriotiurn usirrronrirr

rqursfidr6olviru'u

t) ;rJ!rruasrurnroru'ufi{lilr drilirLronirilufisrn arruu:rtovlu
,l a, A, l;, : A J '- :,,"

..oioucl lJflrn{mrrar turnto.rriufi{lrir0llrnfiurJiuronirvirvirxrnfilna}J{1noon1#

l?n1u1u!1n1un2u flanfloflt'ly{ulYt'lu! 1un?Inluu9tt u1nt o{1l:lJlrurr1yl1q.:qBUfll ou

o.t

lruma!u rYllJl1J:1.: u1'] ni vl1 ty lnnulmlYllJlJ:u10lu1E{qafl1 :;ur[?n1Yr

rfinrJirrorrirglq6nav!lul?a11o.rn:rr,,lriryirurufiu ru*ouJiuurfiuufiun'ufirjrLrirfifiturn
t9

vtultlmlnu llflljanu yflou11{nau

21 nr:n:vorutorri-ni r i rrrurornr:n:y oruroreitlrt::!yrn {uoo
.'" j i, .' t- -A ; ;l.v- a q

n{tJ:vaYYttRlllnl::suluu 1 lur{uylarul o1!nruou.l n{T [1n1 u1ltlouvrl{nsr udn

rirulnun:rriunrruura o s fu: s r lt o ln r: fl:, r ludrd rfi6 nydron n rrn rt o.:nr: rin

rJirurnnirvirqrqn

3) n?r!nlarrro{iirdrarulHai :ruvrlnrfindur:rvirll#rnf,oueirtJdlo

00n fl 21!dlJlrutnu:yugYt'l{[rd3n?1!nlnrYI1Jotalut fi']]ut:?10{n1: lra (v) luvrr.:rir

lflnnr'onr:'[narfl uuu Steady uas uniform riuurflu aunr: ldir

(7.5)

llj 0 d}J 5 e dmttl o: il tlulj:1:3

mncR sc

C

R

sc

: fllJ !a fl]d 0r :

fl 11lJ d 1 n lmlJ o.l 1r t.l u.'l
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add'
01fldxn1: [: r0yl,ru'] I [']a1mu r tT tun'l: raufl1{rrj dflfr'lun nrJnrn?r!

olormunfilai'{ [ :1yitl?i{tonf]t:aoa{lrm nt:'lfiaoonljo{d1i tn Channel storage, eyliu

n'l1lJornryrronfl1.rriroviovrt-vrnlrngiont:annrto':n: rvhirvir frrnlruarnrmto.rmt.:rir
A J s, a A 3

ry{..u{u nxrunrelmro{ ld{nr:60a':fiosrnufiu rrdsg'lur'railonnr ivl ryirnuaqa.i
" i a, !^ o v e4) n1i!aroryrrorn'ufi d!rir fl 'nun1nrfl ro{ltufr drLrirfr nrr!d'rll-uri

rfi.rdouriorirvirfilra}l:LufiTou rl,r:18fi6m;yiaeioo'n:rnr:6r:toqirr.irufiaou fl?rui

n'u!6uro{6uuavnr:rn;iUr6uInrolfirnqrL6u dr{lrirfinrruornrvrlrn rirvirfilra'hJ

ilufir6uoc1#rrar'hiurulunr:rn6oud'reiiirrir rufiufirirurirturolfiai :vuvnaro'rn.irr
i E "" , in h | " : c e I ; ,

!nluourtJorll: uurmuunr: vuvr?6"t10.1u'lvt'lYt tfin tuotlu nlu l tu1rl{9lt itJ luuuY{uTqlJ

rirturnrfi n rirrirfi lnntirufi rGuo;i6rnrnaodr.:!rnsionautavililrturirvira.:antor

a!
n'nxr:?xo.ru1yirfi '[ra lrhufi '16u1il arur: odrurnr'ldodtl uiluouru: ts

inr:nJduuuJarrfinnr:lronaoordumxrornr:'[ra riryirfirn6ouri'alrhunlrLarnrvrd

riou{rroc:rtlGur ru'nto.:nr:'[xaornrrl duulr arrrnuur:uFu (Lami::ar) rflu

"l',, !,rruu utltu (Turbulent) n1nfl 1:11 n]t $l'lyunnl: tr n1o.:ulyl rfi lrahjuun^ro'u m'{vrl i
ne - - t- !

n luYlquarlnv n 1nn 1: oaoIns Inn']11rfllrfiutntu

nr1?,ld1Yii

b C

Lq

SL

a,buasc

ad

,"i
o0r:lfl 1: n4 aq ofiu.tfiu lun11!n'11{

n1 l![:2[AAUlOi Surface dentention

S (7.6)

llJo q

d

n ?1lJa 1nlm10.tyru11d uu'r

flldltll:sdvltlrntfl 110 llnlunfl 1n t cr{lluoqnu Reynold

;- d
number, tt5 {fl: YttYlfl14lflO tlntUO u rravnrutll,:v

e , d d a - i ; ' I :- , d
drint: 7.6 [rdn{ t l uo't01rt11o1o{n']'lualntrlolv{uYrQl.iu114u9l0f]?1!r:'l

uon0tfl utlu'lurrnvafl urusfl 't:n:sntut0{u0{u1

do <a a
11Um A:JU lnU {r O 1l t 11 Afl O : 1l : 1 I ti O : n : 1Y{ U 1Yr 10'lU

riorir unvnvrnatllu
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i.4.3 f,nuorcmr{r:fiimm fi .rfi fi 6rr^fl nrion:rr',irirvirmr.rr:tfi ivrurosi
.'.,,^ .ir ," : " "^J ^ ;:. ,olln an:ouna! [!n{ lnterflow rrnyul [0lnu11 tHaatdnlutn']u o'llrYuouyrulry! 1 ln

3 " ::, "'. "-urnrishjldrnuoqilniifirGuo;rirb?rfinrliurortor Inrerflow lrn{u 1uu'ufi{lrjrlcdrar
"":. rvi ,i,i-J,

n=ulnsrarrjsr*oorihirirfurirutidr n:rv,lrirvirfrrn-n{urirulnnioviiliurruilrvirfilnahJ

uuH'tfiu lnn't'l1l:lJ]fuu1Yt110.:u1 tanu rra:o'lnnrYl'l ntlJttJl0rult4l tua1u1 lYnttl1<l

' o n9- y e c a94urn{u1t6louslu tfl:'13:vfiltul lu d']u I fl{n11::01lu l lstflu
d tiett e d a

nvt u ta't'l YuFl nnuiug tfl:tfl:t{ ttn3fl1: tn1g0t210l[1lanunaon nu

d'nu vuovnr:n:vslulo{f nuluril rfinnn:vvrrn:vrfiousio:rJir.:to.rn:rr'lrirvir

Yt.ldu

, un o ''nfirjir',*n r rufiu 1u 6u fi io tiriourJuflnHrflu 6rnr: tirrio fi fi
,! ',' " l. - r'yA i a 4 i -0flf flanolu:1'r10{n:111u1m'rn20r1r1,0unu o1fl21rJlu tunu tnr rrJu0ulfl0)..:fl{1n0xn']

v A ' "!lra2 luo{ nlnuHunnnoufl uru,uy{odxfil: rlarsioxrirlunnnrin 6lrrrlnrr1lrr: rto':r.lu
s ,d I , :"

tc llJulnun flnaltnvml tl.trnotl:1r]tuu11l1m trn l lluH'lnunlu'tutJln to

7.5 RlflttlnotdrJ:vnouornn:rr{drdr (Hydrograph Separation)

o-qfi nrirrrrudr rirri',l,lrrnurd.uriruluqjl fl rrrci?u60 irfi brol:luu

fir6u (Surface runoff1 rirfi'lNaldfrrfiu (tnterno*) uacdrldiu o.:rirJ:;nout ooirrirfi
., e i .'.i,

r:1 tltn?r!f, u lnl,lfiYrdnfi0 d2ul0iu t?r tua luuuH?ou rvr:'lylJ0vrtltn0ul.uJrfl nonlt

rnnulm?xuasruudlulJ:Jn0ud1R0J,l,0.lu1Yr1 Q i uu 0.l910 trJ fl r:uuno{ filJ:3 n0u a 1{ dl

oonrlnnrlr,ldlYi'l
v Ety

fl'l:t: uuu rYl'111 t n ttluuH'tnulnnlu [unlu1 [:1d1!]:0fl':lna tontn
tar a 4 o d s, d I

I ) n:lltUlYt10vrYurlUYtUm0ln tfl {n1t nna{1o{n:1Y{u]fl 10nYlt[0?

- ^J ' d s :'i2) !slJtluonuunrnatunou[nnuo0 t4: o [u['lo ][nu?nufl1: [1Iu1u10{

n: rvlri ryir

7.5.1 nr:rlunnrrr,l;lyiroonriludruii2 ornd!nr:fi 7.2 isfl u'irld,!ro{n r: nn
4sAon{osia''ns srflurriun:r rn-on i'on orlun:vnrrn: rr',1 Semilogarithm luvrrlrJ[ri6n:rv{nv

dte!i'
ulurduflt.rruod?ulJ:vnoud?ul airo.rn: rvlrirvirrfludrvirfi 1r,ta'lilsrr arnu riorflu

o.ra d o r 4- 4
d'Iu10{n5'llIu'lYtlYlrftn nlnul Iaflur11u l0u1{rou? (ulvtlTrnnlufln.:t1nu:!10ru 1Yt'lo'l

u"- i ! a
qo tolnnxuun2nJut?nru1u)
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t1n?ilfi 7.8 r[dn{nr: fi'oflfltrylrirvirarlun:ynrun:r semilogarithm
i ,:- ! ",'^ ",' a,

dlr1:na1n tn{n t: ana{10.ru1yt1rrno ilnu I tanu t?rruurdua:{lnu :vrJl rirnr:cio
9 s t I 4 c9 s I

lduntno{nalzuoul2 a ]nnuuu t nuo i !o tgrlouofitjo{n:1Y{u lvt'l n{udfii9?uldu AB lu

:rld z.a ornrn B alnrdun:{'lilfi.:dlnrrird.:rirvirfilua}luufi'r6uFurfindu ordinates

. qra s c o9a 59o ' datnrd ABE uvru ulYtlYrrfloo'lnu l tfln H nu'1 tgtou 00nn'lnu'llllvt.tHUn ig lftulYtlmtnn

rrnrirfi ln a }luu6uuavrirfi1ra1frfrrFu: rrtiu (Surface runoff urn Inrcrflow) druvu
v .i, a s o c, , A a
dtu o.dinut" fioqirru'ordu ABE rtlnr:lrtoflrirufrt a-oaruun:tri Semilogarithm nr'ld

ldlnr:noarto.rrhvirfirfinnrnrirfilmaldfia6urflurduo:{Inu:sr,r0r dunoueiolill#
! ",,^ ! , ! t i a at

O"llUUnl: tl'lUOUnll?InltltUnUl lsl9lUO0fl nlnul?1111{}1rJA qvUU Ordinates Ylt AO0vtUU

filxo.tulvnmlnn0lnulYt trn t]lruH?nu
d, aa ?t , ! , ,'

u0n01fl igluu?rn15tlun0{n1:gn0ugtl{dl 10lu1yr1[rn? rtlund]:.r1t0l.t1

' <, t 4 tn1 K- 1O.: tfli.:fl1: nna illO.:tlAnB 8{n :JnOU tAAlU

7.s.2 nrrffinntrilrlrdloanrfl da.rd?u lnu?r-r'lilr:r!-nfiururi.rn:ry{rirviroon

rfluao.rri:u Iou:rrrilryirfi'Iil a'hluufir6u channel precipitation rrnvrhfi'lnaldfi:6u
A a a !"y^

tdr6:udu unv[5un'i1 Direct runoff riruftrraorilurir]60-ut5o Base flow n1:ItundlYil
d, o ,', *- !

oontlu Direct runoff uag Base flow 111 l9td'l!?nfl{u
. -.i .hes , j .ii ^l) 'lDltlun:i (Straight Line Method) 'liufl:tYll tn tOUglottouln l:UtflFl

to.:ilrrirfi1ra'lrJuuA?Au uac!ofi Drrect runoff fiuqnnr:'[raa.:d.ildr drurdusr:r ee

" ,j i uv"lu1rJfi z.ro ln B 6lrr'ki loun r:r,rffon ld.:nt: nn o':ro{r: rvira{uun:sn run: rd
j i d, .ii"v^ :,, ,. l

semilogarirhm mln B u nJut'lalYlll l tglnut:rJ lfiainrdalur

2) 'un1 uan?1!u't?10il lu[1dI (Fixed Base-Length Method) rirnr:ur

qnfi Direct runoff f;uqnnr:lnaal{drir (qn o lu;ilfi u.to) ornalnr:cio'1,1fi.-

0.2
T 0.827 A (7.7)

ll10
taa

: 3Uvr'lal a{nlfl lnnlJ: lJ lluu ll4td.:d9l ltu?utllu11l

ullA:Jur HU?UIIJU9I1: Nn lnr 9r:

1u:rJfi z.ro {uciolrl4rnr: sioldrnr: an n rr o ln: rr',lrirriranfiudr oonrrr
a J ,J , i" - - " , .l e eruoi!o c criog tsllou aolo{n: ll,{u 14lfln rn ry{n r: r 11rfl r5$lorsotJ1n c [rnY D fr?uldu

, ,! , a
st:.1 t51ng tfildu ACD ttu lfl: ll4u tll to0nluu d0nd tuallJno inl:

T
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T
\

os
tr
6
<)
(D

a

d44/t

c I S*rt i4hi. finz lth)h-od-
2 Ti-xEn Ba.ae- LeD$fL ne. 1od.
3 Uoai-abl-e- Slnpc- lllzthod

line

:rjd z.ro iGnr:uun Base flow oontlnn:ryldryil

l) i6n:rlornryrul6uuurla.: (Variable Slope Method) ?nuu'tlIflU?T

D

B

A

-.ilndrfru'rdunr:rn-e Base flow n1!f ::lrs1gr-urfrfrqn ll'nr:olltlnIrJfi z t0 riuu:nrirnr:tr
I dt q, <,

na B s.:lUunnm Direct runoff dlJdfifl1: txna':dnlut tnufl15flnofl tnifl't: dna.itionn:1

riryirnruun:sarun:ry{ Semilogarittrm rn'oldqnri'rnrit: rirlr6-trunanuun:lyl ryilenu

rrarfirfifliuriueiol:lrirnr:sioIfr.rnr:ono{xo{n:r liryiranriouoonlroudroo c rjrodld

tnuonl0{n: lflu1t41fln1n.:vtt'l:tu1 0lnuuflar!191o tfl ifl1: nna.r10ifl:ly{u 11r 1vtrfln 0 lfl

Base flow dounfiurdrurlfin:ry{dlyir Inu6ororaafildtlnnl:flfron1un:rn1un:iyl
di ' se se J . A, c, 14 'o d, ir,

Semilogarithm rljulru 2T1nfllta0 tni lfi'tfl1: ann ifl.: do.:d?umno[{ ]lJ1 [uti'll unolnflnu

siotJrirnr:nrnrdun:{rdorrln c rrnslo e dlrflulnfirnn Base flow qiqn uosodldln

ruJduuldr 6'.ruanr1u;rJfi z. t o

E ,

7
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7.6 nrrlttlnfl?u rynouror0:m,lrirdrfifiuoqa.rurnn'irnfi.iuoer
i , y e ctt ,l , .i^ j .i

2t9l'l{1 mnn r11't.lsru[!un t:rlufld lu :cnoulj0 in:11,{u 1?] 111lnolulfiul.l
, J , .J

lta lu I:: ul rsllJflnvuv{1tJr.lu! tnn?lY u{QnrnnfiFlaonu r: 01{ rqr.luanfl 0u1rflfi1u fi 0{ n rn

rur.luaniiou uosrn'ld'hiururin 1un:fi6sn rirryr rur.lu nnriou rc fiomryr nsion: rvlrirvirfi

rnn 0]ny{lur.lu0nonlJ1 111 tt4ntl?{lJ ]fl llnnuuoofl{u1nn?lfiutuoo (Complex hydrograph)
,;

o rr(do{ lu:1lT 7.1 I

- ,j j i, .'* ;y{n1:011:1h1 7.1I 14',rn'r{'rur?61 T 10.r?auyrn!u1 lnu lfdrnl:T 7.7 nln
, J < .rseIf,rnr:nnar eg :Jfi'jr{nnuonriido{ lnu1f,16.:nr:anairoinrrv{r:ryi'r:lxxo.:q'ild1

dtellju an [rnEro ts ouH n{nnuoFtlo.:nr ]v{ilvil6nu5nrvir6'r r iu n]:alnrdu FE lravrdu

n:.: EB dr!r:on:cfir'lr1fi!'suni!nr:arnldu ,q,c uavrdun:.: cD ro{i;d1flunn?1uur?

' i ce ero.Urur?nr rirdruurjrto.:1o a oqjrioulouonfiaor 1#nrnrdu ec loul#ldrnr:non':
,." , i- ! o"'^ a - 4 .i roy i , I a10{n:tl{ 1Y|lYrrnnnln l tFrnullluunn !6 c nlulnrog tgr!ouooYld0{Gro0'rfluunnln

qr , i A& A ' ;
rdl-lgr:t9torso!nn c llngtn D rynr unnmouuu tn{fll:nnn.: rrasrnnfi a{ oouonmd0{ T

1U

01n6 B oufl a.!nnuonfldo.: un
i , s,

o{ldyruoofi aoruavod!u ldrnl:nnan AB ri'ruanslu grJfi z. rz
,i d ' ,J, . !,A

11{otultfl 1:91:'lnfl o 1tn1:tt {n: 1111-l'tT1 T1{:c an a'}11u: u la:10{ulyllYl

luahluufi:nunr:rvirirlnd'r6oo.riorvirriurlilrsr:rirrluqvrrnaoon'ufiq'lrir 0.rtJn'jr

uu :!lsrt10{n1:slJx0 i 'tHlur.llnunnonqu l ( tunanl::sr1,1u) unlrm'lnufl1:ruauu
Joy^ A y j ,J, e

tttjnnuo.:tJ:lJ'lolu1 lflnu:v14't1{Y? rtln110.:fl'l: r5 uau ! rnsduqolo{n:1?lu1Yllu?no?u
,,,

il5lrn:toqirfi"[noldfr:n-u (tnterflow) uns i!1er:10t Base flow firxr:dulutruvrfin

n: rvlri rvii

varnrdun:.:rrntn o '[r]fr':0fl c filun:fi
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umfi 8

,; ,:,
n: ly{fi11.: u?uutmt

8.1 n:rdmdrmriaorirrir lunit Hydrograph rto unitgraph)

luiJ n.g. 1932 urri sherman rdu omqufitosn: lnlruJ:v rj:urirvirdrrrae,.:1fl

rfiudlnrtua'ruriuri:cil ir{ili!tiudrduqvri (excess rainfall nio nct rainfall) [[ny Direcr runoff

n:1U11U:1'lU?UU lYll[!Un: ]TlUlYl'l1O{ Direct runoff tnn ilfllJ:lJ'ltUU'ltlUdYlIYllJfl?llJlt: n

,i o ' tr id '- .l^ d
dlj1ldlJ0 lutl{: Ytjyt'ln'lHU.l (duration) ttAtYl1tll[nA Direct runoff 11lJlJt U'lfi5 tU0nql Un']lU

dil0.llJ lvllYlnv{uvrolJu IT tnu I fiu1t, ( u nu'1145 0flu{tryuoliJa: )

t e - , i ' : .,nya
nArnrucrirrdrdod!!el-!1 rorn5ry,lrfi lxrirorjryirvroaqrJld6'roio1ilfi

r . rJ:- l r tu ri r d u q m i i n r r l u : l ad r rd u o ua v r n n n r n fl r q rl u fi er n rJ n n q l rt'r vr' u

Tntul

z. ilil rq : I o ui rdu qvrt'rvirriu:Ji!'ln : I o{ Direct runoff

iud{r,rir,6urriu,ro;rJirrnrririlu qrnidfi Du,ution rvirflu 6l
J, , co,a

u{'j1n?ruur ixo{ rlu ocair rdu rJirrrurirdurrsinv e niEfir1#rfiont rr',lrirvirfii: rurnnrfig ru

tyirriu (time base)

+. rior:rurn: rylrirri raos nnfr rn^oornrJirrtuilrrlu qrt'fi i Duration tvirriu
i .i.

rrallru1r QUullnu rnu 091:]fl?utiot0n:]fl1: tlr oflr?nlTnlxun trn0fl?11Ju:{10n uovlJfl'l
a t y I .qra - q j I

tYllnu fi!lUO.:21O1n?1!tt:.ltJO.tHU i vl1t14lflnofl:1fl1: t AYl[24] t l lnu p qJUun?.llJlt:.1
' 

' hd ' J 'to{Cu ni tiolrir'hirn-od'fl: tnrtlfl afir'rn r r rvirfi'u np uiotsnrirrl6dnodrlru-lir dsr:r

nr:1nafinar1n1 ovrfludnrieulnufl:.:riuiliurililrdilEil; eIJfi 8.1

s. n: rylrirrlifir6n orn:Jirrruri rrlu avriu t nn'irruj{anrfluHo: ?x1o tn:td

ilrvirfi rnnorniliuronirilu qvrfi uriarQn: ?!riuni!r'rar o'.rrrrnllu grJfi a.z

xrrrufl?r!'irili!rnrrirrluueinv nn'hii614inoeioriu 6.rrrri'irovnnciorfioldu
r'f<r.y!d.h.,ra:,iItJfifl1! 6]v{n1: lnarn rn{ou0vnru'11 lrQnno: rlr:lslJ:ult u rtlu nn!'rnounExH0

c.rra
n:!YlUn:JtYlOUgl0On:1n1:rylJHlU ?nU, depression storage, detention storage m1[HU:U'l9l:

ro{ Direct -non drnnornrluqnriolrnJ6ou'l:l uriodr.rl:66ornnr:illorylq!6dhJ1#nujr
o, d, j 

' )
tHHnt ut4ulY{o lnrrnvue llunflflo.: d.!



8.2 nr:nln: lv{fifin}Dirurirrir (Dcriration ofthc unit hydrogr.rph)

'[unr: rr rn: rv{y ur rlrirurhyir dorldr?oXnrorn:l,,ldlyir:arrrarri,Jrfirl-r

1#rnon: rr4ri rvirr-ru rr: nlriryirldo rnnr: 506'n: rn r:'ly notir rsioru'o rto rao rfi iqd r do.r

rf,onn: rv{ri rvi rfifi Surtncc nrnoff rfint'u unsRr: rflun: rllri ryirfirfrolrnn rqduan16url uovi
v ,i ' L li;

n ?1urr: {r0{,Juriouir{ df rrd!o onrJnnqrri:rTrn'ufi rJiurudrrluoqjlupJtor Hyetograph

rirr.r;uniufi {lrirfi fiturnlut! (rfiil 5.000 n:.nx.) nr:dfl lqduornnrJnnqlhlrtrfi d,fluhJ
. -i , j i a i ;, , !'[durn ]un:frilne: rrt jlfr'ufroonrilur,'ufidounruanrn{lrir uarri rnr:r 1n:tr,,l u'{H au 1

yrlro'rugroirluruou rJuorou runr:yrn: l,{ud.:nil:uli1yiriloa:illidrd

l. uun Base flow oonnlnn:r ririlr:aU tc'ldn: ry{dryirro.r Direct runoff

z. u rrJ?lrrurirduarrr'ornrjilrsnirrluri':fl uofi fi r1#16on:rylrirvir:al ii
nrldntirT lSlurSo'rtordn:rnr:ry'roi',l,fi ,6,

3. 1r'roxr!rr:':[qdu,rng,i?'rrrnr (ouration) drfinrJilrrurj"rluanr-

4. ti rnt:o: aodolrliurtudrrluayrirrac Srtrolror Direct runoff rirrTlao.:
.- ,. o ' tr

fl 'l: nrtmtfl u 0 t t:Jnt tnufl 0.:un]: u: urrnfl l tFlfl l?lu t
144;s. ri rrlirrqr:ri'sfi qiro't Direcl runoff fiuaolluririrtlfiurr unrrrtanrq60

r-rn-u,r'u fi ril rl r 'l tr: ordinot" vrn6'rto':rr: rylrityitto.t Di...t runoff tv'ld ordinate toi
, J , ! , ;-fl:ryl friH lud1yi'nli Duration ryirdr Durarion uolrJiurturirrlu qvrt

nr: rirnr:xrn: rvlnur rxri luornn: rrlri'rrirrarol qn louvirnr:rqdun:rvl
J , .i- ,j i a 

-iofiuil.tu'tuytlt Durarion l1l'lflu ailtd9lllu:ull 8.3 fl1tt ou ordinate 9t1Ltt2d'ttuultylr.lo tlI: lv

r ,; , i c, .l h,ur- J
nc loanrrnl5 [v ad idogtfl'] trfl?l0srllu ruointfloct:tnt: tHnd{tYa tu lotflotu lut?allau?

riu do nirn r: rn6uo-n: rnr:'lr oardelud;r?ordrfiadn:1nr:'l adnqfi rir'lilvr6'oflnr1un: ryl

o;'ldlnuonto.rn: ll uirHrirurq6u uiuo"'nriro-,nrdurlfioriruqnn-sndrrloudrroorornn{l
, ) , ;d t,3, ,a ri o ' ' s

ro.:n:rr',lvfiru rufiiodriluxii'n rirnt:n:rnaor iurn:to: Direct runoff dr hirvirritl t

rryucl^r:.rel: 1#rirnr:ilirdr ordinate to rfl: rllnulrfiilrurq6utltoh?ldrliursr:rvirtiu r

rryun[!9t5
,; , J , J , " )

:lJ11 8.4 rr dfi iFl10u1t10 int: fl1n: tY{}.lu {}1u?uu'lYl''l tu:yuuo.:nqu ,o{Yl
4a

ao.:r urrnrffr:r r'i nJiu rturi rvirriiHUo!rfin15iur1n1 2 fr'rItli 6'rrar s9.as0 rfluHn::u
Att A a t 4 /, , a d , ,j 4 d J

to.: Direcl runoff luI0rrfirry.!ri u1urilu aflu]fln{nflo?ulvr grotr nuul un?1!dntDnuuu
j j' J ",,-:tru nuu l n3 to9l t1.l
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(598s0 au.{fl /iurfi )x(z ryr xrooo iurfi )
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40 9t5. tl.idx2.78SX t0 ar.yl9r

0.3 86

.r.6 3

-i j j
urnrrtLafllenus.rllr]nr-r 4.61 ualilnr: Direcr runoff vr ndrlu rio.rriiir ov'ld ordinor" tros

fl:1r1Hu.tfiu luulyllrnu rlr'lgl510.t Direct runoff rmlnu I u'l

8.3 nrrtrnrrr,lndsrnirurlrrircrnco.plex storm

'trn r: u rn: rvlv ri.:rri roo rnn: rv'lrirvir nnr6url r.; r i n ir oc'hirfiu rvr ofiocd rlil
c9 . O tr6li.llu 03ntll',lul l nnTrilniuunolrnoo]n complex srorm o l Complex storm 1ll lutno

n: rvlrirvirlu dnuruEr6orrirn:dro rrirrlo z.o fiarlr: orirnr:rrunn: tr',ld tviroontfluaoron

ld uavl#n:rr',lrhvird'rndranrn:rr',lrdrrrjrold lnu6o'juflun:rllrhvirfirnorrnnrqrluqn
j y. ; , tr ' i rre ,J , 
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,! ,",, . av,.' <,. ,:
o1 l!d1u'tr oYtlnl: lru.: n:1 u1t4'l lolx!Dun: ol?'l?,t o 7.6 flYl]fl1:tlunn: lv'lul

, i- a 4
Yl'lYllnoiln Complex storm OOnt !do.ld?URO Direct runoff lrAg Base flow olnnQtn flXO.:

n: rilndlnr.irtnirvilrnsfior: rur: d a.s ,r",4,u"': o,ftuu alnr: rir'hjt0{ Direct *non ld'ir

4,.

fl11UAn[AOU

Qp

RE +U RE +U RE

vlel
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U 2+ U n RE 
i-n *li-l

(8.r)
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flIn601fl Complex storm
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E

46otlY n. lUunru JuxoJIJiu rrurirdurrvm'fifi Durarion ryitri'u n. rfludru':trr.)
orchnarcs toin:ry'lyfirx ?odtyit rrnr n, rfludruru Ordinarcs r0:n:11,,l tyi)rtt, l:tns

- - ,- :
lFt il ttufl !l,,tut gr.!u

n+n (8.2)

n1l. 9rl1u]Yr

au.rlerliurfi

d1r.1,{q/2u1r

nr.r,lsrliurfr

k

un:nTt rn:rylyn'ly rjrori rvirornn: rrlli rvirfr rnqrrfl Complex sronr rL oh{qt rn6'rorir :fi s.:

- ,; ,J
si'rotjr.rfi s.z 0ifirn:11'1flfir 2u lririrn Complex Storm ln uldrioXnlun r: r.rfi 8.1

r.Jur9r10ty{u n:.rlJtltflll tnll 40.4 9l:. t!d ungd u9l?t Base flo\ ufl1tr4lflu 5 au.t'lgl/?u111

qdoafi{ l2 f?]ll.r
.iv'i

nrnflr:r.tfr A.r {oXnriorfi z 'ldtrn Hyetograph cro{d'ldu rio.:fi r'ldorn

n:rrlilryir riorfi s rvirriuriorfi r audaoiiorfi +

,.i
irndo{fi z osld'jr RE,= 9.6 u'r, nEr= 0.8 u^x, RE3:0, RE4: r.2 fi'l

j j iov , trnliliYl 8.2 ttdO{n It n: s 0'lUdUn l:Yl 8.1 tlngdUnl:Yl l'r}11 Ordinates 10in:'ly{11Ul1lU?U

lJ t 11t

ornlond

fl 5',I11 14 U.:14 U',IUU 111 1 0s 1r

s.z rcld

! nt, Jn.=4 ttng n, =11 ut4ufltntlufl nT:m 8.2 nsto n.=8 n:ul]tKl

8 ordinares l !r rirqiri"l n'rlualnr:fi odlurorqoflruto'rnr: r.:d
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Time

(hours)
(l)

Rainfall
Excess
(inches)

(2)

Total
Flow
(cfs)
(3)

Base

Flow

(4)

Surface
Runoff

(cfs)
(s)

U

I
2
J

4
5

6
7
8

9
0
1

I

I

0
0.6
0.8

0
1.2

0

5

443
1090
870

1220
tt32
453
177

69
29
t7

5

5

5

5

5

5

5

5

5

5

5

5

5

0
438

1085
865

1215
t127
448
172
64
24
12

0

:Qr
=Qz
:QI
:QA

:QE
=Qr
=Qa
=Qs
= Qro
= QIr

o. REI U i RE2 U i_l RE3U i-2 REIU i_: Simplified Equation

Q'
Qz

Q,
Qo

Qr
Q.
Q,
Q,
Q,
Q'o
Q,'

= 438
= 1085

= E65

= l2l5
= tt27
= 448
= t'12
=64
=24
=t2
=0

RE,U
RE2U

RE2U
RE2U
RE,U
REZU
RE2U
RE,U
RE2U
REZU
RE2U

RETUO

RETUO

RE3UI
RETU2

RE]U3
RE]U.
RE3U5

REIUE
RE3U7
RIU3
REIUe

REIUO
REAUg

RE4UO

RE4U t

REAU2

REaUs
RErUr
RE4U5

RE4U6
REAUT

RErUr

REIUI
RE1U2
REIUT
REIU4
REtU5
REIU6
RErUr
REIU!
REIUe
RElU;9
RElU 11

o

I

2

l

,
6

1

0

t0

= Qr/REr
= (Q2-RE2U1/RE1

= (QrREzUz/REr
= (Qa-RErUlREa U1/RE1

ur
U2

U3

Ur

Us
U5

Ut
U

: (QA'REZUT/REr
: Qy'REI
= Qro/REr: Q||/REa = 0
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qrrr{fi E.3 S-curve method (all values e)(cept those in colunrns ( I ) are in units of mr/s)

(l)
Time
- (h)

(2)
4-h

unitgraph

(3)
S-curve

additions

(4)
S-curve

Columns
(2)+(3)

(s)
lagged

S-curve

(6)
Column (4)

Minus
column (5)

(7)
Column 6x
(4t3ts3-h
unitgraph

0
I
2

3

4
5

6
7
8
9

10

1l
12

l3
14

15

l6
17

l8
19

20
2l

0
6

36
66
91

106
93
79
68
58
49
4t
34
27
23
17

13

9

6

3

1.5
0

0
6

36
66
9l

tt2
129
145

159

170
178

186
193

t97
201
203
206
206
207
206
207
206

0
6

36
66
91

|2
129
145
159
170
178
186
193

197
201
203
206
206

;
6

36
66
9l

t12
t29
145

159

t'70
178

186
193

197

201
203
206
206
207

0
6

36
66
85
76
63
54
47
4t
33
)7
23
l9
l5
l0
9

5

4
0
I

-1

0
8

48
88

113
101

84
72
6l
55
44
36
31

25
20
13.50

12'
6.5"
5.5"

0"
1.5"

" Slight adjustnent is required to the tail of the 3-h unitgraph. This is most easily done

by eye (see figure 8.9)
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"Jtq tounlt Route fl11O.1 Time-Arca Hyetograph lll1l Linear Reservoir Storage 01U2UfiUi

]srualucr-'irfi Reservoir uri.:nu'.:sl:.roooonruut{ufirirti-l rtny Reservoir 6rnrirrfirir
-is: KD rrrririlrdunl:fr 9.2 'trilnriir

Il+12
2

Dt+ D2

z

K(D2- Dl)
9.14

rirnr:finrmouluarnr:fi e. t + l#oqiluyJfi i ra

924

Col2+Cllt+C2DI

0.5 r

2D

c

9.15

9.16

rtJ 0

Itl,ru fl'1

K+0.5t

0.5 t
K + 0.51

KdD

K-0.5t
K+0.5t

0

cl

c2

dS a.!1 drn1:9.1

ocld

0t

I_D KdD
dt

0

Kn; lo - D/ d.D
dr 9.tl
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rir t riluaud yrronr ruirnr:'lv ato lrjirLronirdu avrfrriiirrir'ldruoa l
,.i sv

rnn{na l2frooerrljduu tfl{fl 1: nfla{1o.rn:1y{il1yi1 rir r< rran.:fir6nr1fl1::vu'rrJoonr]o.:

ritttn channel storage 14finnrn irrrurirlnar{r (tnflow) riruro'ldnqoat uavrittor rc

fiuogiriuii'nunrvvn.:nrunrl4ro{dr r ;ilfi e.ro rrfla{nr:flrrir rc ornn:rv{rirvir rfio}i
a , q , c, <1/ I y a

lnolOHnY{n1OU0Un': fl1: nOn tn{n1l Ann':IUn: tnlun: lY{ Semi-logarithm l[0? t'l:tu1
sr,.i-' .i '

rn'lrrJaronlro{ rn{1r nr! rnlldnlndiroul6Uu ]d'r drhiido!arirvir dM:fl rslJrol

rir r ldorngo: rmpiricat fil{r.rrrir tc rliorirro.: rc ovfirirrvirriurirtor t" Inu :u-ttu

- , A l;, !" ,afrrodrrfis.r u'ufi{lrirlugrJfi r.rz ihuro zso enrr{frlar:,er. rir t" - s {ehr
uas K: 7.5 dalrL.r olnrn: rilnujruriaufii ouration rvirrir 2 drlll

" : i, "" = .(l) vt1fl1:fl:'1.:tflu lsochrones a{iluYl'ufidud1 Inul#rrsiavrdu Isochrone li'l.l

riu t frlu rvldn'ufitiou s dru

(z) rirnr:ioriufi doorrsinsriru Inu ptanimeter uiol{ii 6u rg 1d

a1 lu.rvr 2 3 4 5 6 7 8

ltuvr (n!. , 10 23 39 42 40 35 l843

(3) eitr Time-Area Hyetograph 6'tran llu:'rJfi g. t s

(4) Time-Area Hyetograph tvriruflrfirflun:rr'{rirvirtouJilrorti'llno,ri-,t

6nflo*) firfioornrliuroniriluqvrt l lsurrrrnt ri":ri'.:n'ufi, titnr: Route n:r to.: Time-

Area Hyetograph r.itu Reservoir fiauuorduor: r lnoontorlr'ufr{urir fr-o-t:ott Routing

1 A ldl
period ltnAvn'li n! tn?1 lt - 12 ttuudtJnl:T 9.5 tFl tljUlUU

D2 cat + c2DI

llt0 C3 K+0.5t
I 0.125

7.5 + 0.5

([av c2 K-0.5r
K+0.5t

ot0! D2 0.125 I+0.875 Dl

7.5 - 0.5
7.5 + 0.5

0.875
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(5) n1:lid 9.5 lrdn in1:rilu ?oltl rrir o, r]lrfluri'l Ordinares ro{ IUII li'l
, i. - A ,- J, - i;ov dt v

n'15 tiln tfl ilr d14: urllouu :x]tulitr{u I rryu9l[r]9t:uuyruyllf na lflrilu dn: rnr:'lfi n

dU I [ryUntUgt:UUYtUYt I fl:.n! lur':ni t *rlll

l06x l0-2 2.78 au.[!q:/1u1Yr
3600

(6) rio'rfi (o) = rirrqdurro.r ordinates 1o.l ruH (lurio.rfi (s)) z qn6u,rdoriu
j

Ioo:r':qnu:n rolnQnfido{ z #rlrLr, niu r:.a = 234}i
2

q, I J , i- J. , ;0) ltnon IUH llasfl: n{r4u.tfiu?uylu Duration lynnu Z ,2lU{. ioifr (5) uay

riorfi (o), arlun:vn1!nrry,lri{rrdn.r1u:rJfi g.rs

nr:vrn:ry{udrrri:urirvi''orn Iungnt l.tYt 9.5

(1)

Time

(h)

(2)

Time area
diagram
(k-.')

(3)

0.1251:2.78x
0. l25xcol(2)

1m3/s1

(4)

0.875xco1.(5)

1m3/s;

(5)

D2: col(3)+
col(4)=lUH

(m'/s)

(6)

Unitgraph

(m'/.)

0
I
2
3

4
5

6
7
8

9
10

ll
12

13

14
15

0
10

23
39
43
42
40
35
18

0
0
0

0
0
0
0

0
3.5
8.0

I i.5
14.9

14.6
13.9
t2.t
6.2

0
0

0
0
0
0

0

0
0

3.1
9.7

20.3
30.8
39.6
46.8
5t.4
50.5
44.1

39.6
34.6
30.2
26.4
etc.

0
3.5

11.1

23.2
35.2
45.4
5 3.5
58.9
57.6
50.5
44.1

39.6
34.6
30.2
26.4
etc.

0
t.1

13.4
23.1

34.3
44.3
52.2
55.5

54.7
50.8
45. I
39.3

34.9
30.5
etc.
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unm l0

rir16'6u

(Groundwater)

I o",- < , tra - - - , J."^ r"- iul tnnuruudlulru.: tu'rrJ 1n:xo rqYrn'lru r rr nnul tnounJ ta:uu'rnln

rrHa{ 1!uH'lnumry!n.: lllatyuouToar tllfiluUtryirttilj'tt4r tu rfit ouyloTflou nouU1

r"i oya Jaea q o s - i"v- , , ,J .oon ;uYr l0.l udn{ lflllruu'r tnau t ']00n:xo{qTn?flu1 ul terouny tHnooflqtluu1 nlr'l:

ludr.rfirJilranirfirnnorn Runoff iriooriohjirno t:''r11fi,flut:".lta'aufi1nadu{fir)nn rir

16'6ufiodlnd'frr6u0snaufiuriornraleusr:r lncrn r::grverrrnynr:a ru'lod r n rnu'r
, lo y ,^ ! ! io oo :."-litc!l xun tu rrai'u:1r'lruu rlr.:?1u9ryr t.i tuor!:nr tnur lflrlr4anur lofru

- - i<L trlnn1:nJ:uurllt unutl n{u10uu't l9rnulUl-ru'lYr aonRUt'rfldiYtrtll]u afl1?s tltsrYtflo[!:n1

61l#rh1d'6ulunr:qrJlnnuauilnn luur'olrf,nuaylur^hflfioqileo16o: lu4nnrnfiu#rudr

rirldduryrfl uunriuirrfi ulunri.r16urfi l#lunr:soil:yyrru

ililroruaydn: rnr:1x ot or ri rlsi6uluusiacn!-nrfl 0yin21uunnei1rfiu
! '- s . J '- - I a e o a

ll',t:'lsYl.:11:lJ10llras0o:1n1: l]ratyxu0gn dnt ylr.:r:01?ytul otuu0.:ooi nl:f,n!laftu0rs
ia- - , . :""^

1l'l{oYlfl lYtultlnrf :0l1ltu1YIJolltltanotrfi a.:u1 actou

10.1 nrrn:soluto.nir'Iffiu

nr:rnntolirld6uarur:ouril'ldrfl u z eieudo Aeration Zone [[ar Saturarion

zone lutiruto.: Aeration zone dovir,:: su'irrrfindu rvrj: vnolhJfirorirunvsrnrg uaylu

dtutor Saturation zorre dol'jtr:sil'jr':rio6uocrdu}Jd:uilr ,,asrirluri:ufi'tro{1drr:lri'u

Ylt: Ufl '11 Hydrostatic Pressure

" ,jtur m 10.2 Aerarion Zone arrL t: ouriloon'ldrfluar!rirun'o Soil-Water

Zone, Intermediate Vadose zone tlns Capillary Zon" rirfio{lu zone fi r:r6gn'jr Vadose water

:vfi'l].lYu1o{ Aeration Zone ttat Saturation Zone f:f6un'if Warer Table y10

Phreatic Surface [t:'16'ugluJuu2to'i water Table osinirryirtiurr: r6'ult o{ut:0]ntfl d2uto.l

saturation zone ovodr rio water Tablc rf;nriou rrjjow rotnrr: rd rnourr Capillary unrirdul:J

' , ,,, J , , u o- - !" , .i - :
9lllrso.l'l'l{ to:uuyl.tu{ rtgloul{ t: norr: {9lutj0nu I tudluYlrfiuo warcr Table u nsuoun'llrt: i
nutJo lu:: 01n lfl u1 tst9ud'lu [YturuuulYtlJ t!1rt Sarumrio[ Zonc
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10.2 !uAto{ Aquifer
< "l- .i.i -,r,v i - - .vJo , le' ocr.

Aquifer tUUYUOUllOUAl tUAlUUl OUUn1l fll:Jl:n tHUIA:.lf.llU tnn m1 t U

rji:rronirrLrnrfiu.rvrolualrJriiloaur[au r1r unEr:rdrrJlro rl lilrturirrirn rin'[r]1#il:ylusri
Ytrrttcaaata4r,;tatad
lnflllnl fl?'llJd]lj1:n tl1UtA fltut4! tun ifl'l:tnuflc durrnsnl: a00u'100n nlnSufiu xuouYl

a I - ;o J ,, n

oqjnrfiouavld aquifer uonnrn0yr ufl rnfuoufryr-ud1rrdl orrnrlfl yuntorfu6usiotJfi

l. Aquiclude lllUtrUfluYl0l.J llJf]'lUU | [[9n]l!d lUlsn lfiulryUHlU tn U0tJ

a - - J - " - !." !!1n :OllmunVS!tllu tLJ tntAU[!OtllUUnUTUOu lU Aquifer 9liUUtl [Ud11,1:0 nOUul0on
i a Jr'

ljr tfi rJU:1l'r0lurnyroyr0yrfl lrur hJldrl:ylUsfldd!rirrdu nrnnunrfi ua

< J^;: -,n,e ! ,- oyJ. , heh,42. Aquitard [1] UXUnUyl0llfl'] tljfi'lt U'l ll9lllfl?'llJdltJ1:O tl'lulcr!tl'lu tO tlJO

vsddtddr
a{uun{[ uq d::frflon'l: tunlo{ul tanu n'l1u10.: Aquirard 1ln']'uJl.tutxlnlto0lnt3ruu

ufl a{dsdlj10.tu1 t9rFtuYtdlfl tollu iu10{nur?ruu'rrlulr: ]u

3. Aquifuge rfl u'i'v6ufi rjrdlilruhild 1ilarlr:nfi wrfi rrirnioiloourir
h9 'oonultntlu'lnHuun:ucl

a AoJ - i ,"e d J ^ Aa !
10.2.1 Unconfined Aquifer tlJu Aquifer Yl!flUo Yl0! l0l Aquifer tljuxunuYlYlUul

- ,a ,- i;uotfi:rdu warer Tabte fruurJ:iu1 o{1 nrrlil;uruilrfir{lrayoonorn nquifer 1ilfi t 0.3

tldn{nnUiuinU6lO.l Aquifer
a !A"u - ji-

Perched Water t1JUul?l tOtlfl Unconfined Aquifer TU0HU.lYlUUttlol t n?1.1

- ,i - i- , J - !d i o ! a , "" ,J - ,:^n{:ilvt 10.4 Aquifer lunulfln0guuyuouvrvruulHr0uls!H]ulau1fl uniunu[?rnlu!
A h, e t.d . .,a- J ,- Jiry - i -n,u:l?u lun?l{unu0qnlufiu0!"1 [nH?nu asuu :lr10lula [niln Aquifer xunuruu [1rlJ'r,r

[[ovtlJultl,la{u1 tnnualfl :1?[vt1uu

a- -A J,
10.2.2 Confined Aquifer ttiot5on6nfionfi.:ir Artesian Aquifer rirfildnrn Confined

.- y--aqj ! - -J- J^;.
Aquifer [:litnnun lui0lo{u'lU1n10 (tu1.ri- *"t"r) Aquifer Yunulnnog:sl'l?1{iunuvlYlLl

ilr rirb?rirludu6ufio{nrtrldu:rnnfrufirrnn'jru:.:dux0.ix::urnrfl rirov'lnar{r{ equire'
J - . l; . qr' - ,i : ^n: {U: t'lolt Y11?1.lYUfluYlU1lllr0ull4U o[tAY [9] Aquifer annUr.l']nU elUYl 10.3 nl:l,Ur:04{

- !" , i ' 4 J d, '
1o{:sflndrlu oflufirtry nr'hjfrr{urlo.! Confincd Aquifer t uanrjlt]nn1:[ 6uutl a{10{

il:n6'u!rnn'j1nl:nl6uuu a'!rJor Srorage Volume lu{unu

Piezometric Sr.fac" tflu:grill0i Water Table 1o'l Confined Aquifer fiarrlot-

duIuo4nl lourJ Piezometric Surface oviu: ':d'urvirtiuut.:6'uxo.:xt:ulnrfl dr:vdurol

Piezometric Surface oqjrru'ofir6u osdurrtiot: lirnt:ntsriouroran'l Aquifer ,i orr!,dru



ro.r lnu'hidolrirnr: flr unyrdo:y6'l piezomerric Surface dfld lou6.r:sqixfieirn'ir: yFitl1o.!fu
. . ",:9lUYlUlJlm0qUU Aquifer tYll'l hi Confincd Aquifer flAlUt U Unconfincd Aquifcr

10.2.3 Leaky Aquifer ]nuri'rbl Unconfined ual Confined Aquifer nrflU'ldolnetltJ

-it::!flfi nquifer fiulo{tiotJ1 oylilu ?n Leaky Aquifer vSo Semi Unconfined Aquifer fu
^ i , oe ' d, ,i i ^ : """:nu oqu tlnt ln Aquifer d1u tHiU0sl uylln Aquitard (flllJYl 10.5) [!o!nl:qUul!sYll tl'lu l
dai-
inr:rofioufiaoln-gmrn-o luuur:rrnrolu Aquifer rravlurlu16r Inuilrlnnriru Aquitard

rdr{ Aquirer Ino Aquifer sfiqdrsuu!rnluriranrfi:ru{u uoyu;r?ordrreiriournurflursra
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d11l

2i,oeq
10.2.4 Idealized Aquifer [Y{ofl']1!d;nlnttavaon?1!q{U1n tunl:[[n iUl'11 t{!n0Y

alln'1# Rquifer fi6'ns gtflurrur Homogeneous [[ay Isotropic

Homogeneous Aquifer 6o equtfer fi iqaraurifivrr.rqvrnivrorttnsfl 1{t:fi imul
4A^lfi!-oud'u4nl !n fi5o1n1 [[?i.in1u1u Aquifer tiru Heterogeneous Aquifer tflu equifer fifi

*r' j
R0l duu9l uJd!1rd!01.1:otlctnnt{nuq 1!fl 1r[1{u {

Isotropic Aquifer 6o .+quifer fi qaraurinvrrrqvrnirorttavmtrr:divrorhjfi

6.:ur1'jr equife. sfiodtslilirfindulut::rryr6
. d< < g o h rq itcuasnlu? nluuvtu0lJ:ulrav l Iu Ix tuYlrilJ0!9r

n 1: lild uuq 1!vrfl Yrrr n r: lr ato ni r

tll fl 1U 14 flrn 1': n 15 t nflO.:U',t

dlu Anisorropic Aquifer rfiu aquifer fiiqn:;uffir 6ou

, iuy a t
rr9lf.,lam tnnlnn t:?rfl5 tvl4

10.3 Specific Retention ttAJ Spccilic Yield

ludrutor saruration zone'iovir.::su'irroun tnt ol6u rsrHutjd eorh ri r

d. v 6 ,^ "" 
j , , j 

' ra ,
10.: Porosity rtju912flr un :!luuT4ou:Y ?rnoun 1n1o iouFlol{un ululJ:!191:10{n0u

J ,- ! ; { a '- i
nu d2uuu wo{1_l: ulolu ld'm1:fryrtv:su1uo0flt'lnso i't'l{ to rioofrd?ufiu{ 0sqnun0gnum

s 4a
a?ulrt{:v112'l{ t![nnnuasrr:nfl i -]

specific Retention, s,. 6'o:rtiaurloi ;ulfitto.: rfirm 6oo{r 6'16uErud'rdo

rlir ro:rilrrrntornu rn:rsrlirro:ro.:"; r r.:d'ru nsqnr vurusond'lutt:.:6 roax o.: ]on

sr (10.1)
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?r r sr : t or d r fr ry 6o o d1u qi o':'i rs : y u i r.: ou n rn 6u

u: lJ',lGr: I0{nu5 ?tJYo l?'l{o'lu

(10.2)

Specilic Yield

Sv

Ae :s, rfl u o'n : r ri r u t o'r rJ ir r er : il r fi q n : y u r u o o n d? u u: .i o*.t 
Q 

o r o { l n n

v

llJ0 *y rlilrsr:torrirfi on:yuruoonrrndoi'ir{:vri'ir.:ounrns^u

vi.t s.. uav sy osQn{nd{hgrJroruJofrmoi e{a:'urrlo.r wr rlns wy

osrvirrir:Jir:rn:fr'rrlntordoljrs:yn'jrufinnu rirto.: Specific yieta duo{rillurnror

oqnrn6u 1:Jirr uavnr:n:ro-rurLordovir.: nr:dsfr'rriol{u6u nr:rrfi to.t uanlrirtor6u
- d,-.i " ,^ Ilunnl{dl d{lnql U?lnuluOAytOUnlJ Specific Yield UOUn?]Au[UOllU lU

o-r:r{lii l0.l uan.:rir Specific Yield ro{6unu'neir'r1

Material Specific Yield,
percent

Gravel, coarse
Gravel, medium
Gravel, fine
Sand, coarse
Sand, medium
Sand, fine
Silr
Clay
Sandstone, fi ne-grained
Sandstone, medium-grained
Limestone
Dune sand
Loess
Peat
Schist
Siltstone
Till, predominantly silt
Till, predominantly sand
Till, predominantly gravel
Tuff

23
24
25
27
26
23

8

3

2l
27
t4
38
l3
44
26
t2
6

l6
l6
2t
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10.4 naflO{ Darcy

lufl n.q. 1856 uru Henry Darcy ieen:raqranfrrril*rrsa ldrirnr:nqaor

u ro'or: rnr:'lr ntoni rrirum: ru uavrrt.ti r6'n: rnr:'ln a rvrflufndeu lnusr: rn':lraofiaflrfiu

1:luavrflufinriruann'urir:suymxrrrfigy,run.,r luntorrir 1d'ruanllugrJ ro.o) uav
a dr , ; -:dtlr t: flrlJuutuud:Jn t: to0nfuo'tunln{fl K otu

Prlt

L

iL

/e

4lt
/e

Sand
cdumn

zl

z2

dane

:rJfi to.o llf, n.:nrln:rnrufl rufrurravnr:duduild'r.:rurn'odllua ruurirvr:ro

a

rfit u1#o{1uarnr:m'a}l

a

h,-KA + ( 10.3 )

(r0.4)-KA dh
dt

a -K dh
dt

:ia,'dd,t
tUo v I ufl'llol Specific Velocity fito Darcy Velocity, K I ufl110: Hydraulic Conductiviry

rrar $ tflurirto.t Hydraulic Gradient tndor?tutuautrae.:'jrrirlnal:J1ufieflr.:dtaoaoa'i

o
va aA

( lo.5)
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n'r lr ri ln 6ufi 'lv a dru rio.r'i r.r

ritto.t Porosity

(10.6)

irurn:fr.:vrot olqiol'ir.::;y'irroun1nIonou

1l:1r',l0l: Yt.l un10.:fl0unu:'uJll: u 19t:10 { ao ': ? t.l: rlt't1.:

va

CT,

Iv

oun1n10{oun10

Hydraulic conductivity 1umt.:rJnrlr6firfiurri'rrirldoutsrflurirfiuond.rnruL
o'q - i .' tr

d'lU1:OuO'tUl lunl:cr!HlUflU HUl11U2U1O.1 Hydraulic conducriviry 11lJ1UO'11J: U'l0lu1flUn

nri':urjirrsr:tsdudru6ufiin'ufirrirfin t rriro nroldnr:u.J6uuurlarlrJnd.rrriroro.r
oJ

Hydraulic Gradienr tul?011.tu.fl,tu?U

m/day
m/m

K
dh/dl

tldn{'jlfi1t o.r Hydraulic conductiviry i 2ulr!'ounaruri r

Transmissivity

Aquifer tU fl 1:1l n oUu 1o 0 nlJ1

11:0
a ' io

Transmissibiliry trl rfl urirfi l{uonn21!d'llJ'l:t't1o{
4 v 

" 
!.'

lrovxxruo-{da: rn r:'[rarLordrfi on Aouoonu to rn Aquifer

2 td^y

rnlday

9lU !fi U U 2 i s lJ n'11O.1 Hydraulic

m

nir.:tuj.:urirunruldnr:uJ6uur,rJartJnuj':nri:ato': H'draulic Gradient

T Kb (m/day)(m)

o{n1nrru, : irrrraynr:6urfrrrLo':oqnrn6ur lnori'r1 lrl

Conductiviry r?o un'jrm: rutta vn::Fl

)d,-i.l
riio b r unrururto{nufio!6?1 Hrudrtor equifet

eirtol Hydraulic Conductivity iuo6jn-l roro.lty, flTt n:3 n1uIrnr1u1n10{
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10.5 StorageCoefncient

rliurnni-rfilunrdt ;ooonitn nquiter o:rir1#fin1:t Auurr n{1o{ storage

Volume fltrt'1 6au dru:-u Unconfined Aquifer n1:t douu n.:rto{ Storage volume fitllud':

,{aQ to.i ;!1ct:10i Aquifer fioqi:vn'jrl water Table firaar6rLdu tlav water table dtanr

{ - , -i - t \ii' req
fruqo riurirroitrtoi Specific Yield xol .tquifcr d'l'ldrranl] flu:rl to.z

Unh cross-seclional area

Unit dcclin€ ol
pr€lun€tric surlac€

FlCzlm€lric

Unit cross-E€diooal aaea

CoofminE unit d.clin ot
retcr taua Weter lable

lmp€rmcable lmpcrnEatic

(o) (b)

:rjfi ro.z I td a { ri 1d 1fin n']11l Storage Coeflicient 1o.l

(a) Confined ttd: (b) Unconfined Aquifer

tirtiu Confined Aquifer fllrtnir equife, finr:ol6'?odnnonl']a 1 nlrlildsu

u altolrr: r6'u1u Aquifer rflunarirl# Storage Volume 1116uurrrjnl}Jtf;nriou drtlrtqfiir

,irrrrin#,nlofinnri'ro{lu equifer drund': nsqn: or;uloout 'to'u Hvdrostatic ltas6nri'lu
J - s s ') ; d ^ 4 Y' - -- '| s !'4' "t-

vfi.:og0n:o riu Iou lnr{df l'!frui{10'! Aquifer t!o[[: ':6uana{liu lnun l: fluu11u1lnuo
," ., :2 a .on!

qu drru-nfinoflUoqjuu nquifcr iyry{^ufiu rfluruarirl#ri rqn:JAoooonlrtrn Aquifer lrav

rJilrturirfiqnrJnou0onutul{tixuxtnrndlrfiqto.:nr: d Aquifer lrurufil6nflourfio.lurn1n
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ah

n t: nfl a '! 10 i I ti.lflu

Storage Coefficient (S)

nyriurlilranirfi contrned aquifer iouoonlr6.:fi utdrI6l1u:ilto.:

tl

3rJfi ros nr:rn60ufi 1o{drluuuruour.iruoqnrnrurno-lnrolu Aquifer

,- ti
Storage coellicient H:o Storativiry tUulJ:uluulrn Aquifer nouaontJl :o

a 1' lnr t ,l ' 
j i-

frrrirlisionfrlnrj:uylufrn-.ator Aquifer n rtrldnr:n.i6uuurJac'lilru'*njautor Head firi.:
- i ;^ - . , a , i .i a y )-Z ) y - ^d , . rj

a 1flnufiuYl,{?n{no1? o1nnl:0111[1r'lflnt 0uuHxHlvllJ11uyrfiu1nnfiu.tl.lu'1u lulrJyr 10.7 n1

Storage Coefficient 'uo.: Confined aquifer rvirfiuilitLtert toidtfionrJAoooonltt tn Aquifer
2)
[!o Piezometric Surface nno{ f,{nilru rir s hifiriltu uos Confined nquifer rirulrnotirir

s o{:;uir'r 0.00005 uas 0.005 rilfi;x equifer dn:ornqlrirenrnlrr rirtor s durl:n r

ttlt lnn l:mn nO rnl: dUullO'tUOdU (Pumping Test)

r0.6 diln1:lT?'lilto{nr:}44 (ceneral Flow Equation)

Rectangular Coordinate dunl:t0r Darcy d lu lt otiuu}{oqjlupJri'r}J1dir10.6.1

-K
ds

( 10.7)
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rl'o v, K, h frnarrurrourl'ouff'ldnrirarrrrdrrlr rdu un; s rflu:yuslrrrnum^gmr,:nr:'lu n

tirn:-rnr:'lra1u[[u']:luriruoqniafiril6urL osrr"drf;nl ri'.ruao.r1ugrj to.s rJiriralnr:'lilardr

uas iurnrnr:'[uaoonlurlu'][[nu x dr:Jr:0ri0urfl nlnr:'ld'ir

9x,i - r* w(#)i

Irng 9x,o - r* w(#)o ( 10.8)

)"-rio r* rflurirto.r rransmissivity lurruaunu x uay w rflufl'lrlnfiuroroqnrnfiru6tnr

t'eifl, t*ii uny (#)o rflurirtor HydrauticGradien,dmrudrt,aymr.:oonsrrrLiirdl lu
da

1llUO{[nUlnUd!n1:i'O{O9l:'rfl1: tUn [UUU']UnU y nlr:JOUflU [UtlU']tlnU x nlnnAlO.tdU

n r : si o ruiol (Continuity Equatior,) ov'16''jr

( 9*,i - q*,o)+(tr,i- lv,o ) -sW 2 ah (10.e)
At

rn'a , rflu Storage Coefficient rtvrufir q a':lud!nl: 10.9

(d h/0 x),- (0 h/0 x)o (d h/6 y),- (d h/d y)o
-S ah

0t
(10.r0)Tx Ty

0]nt10r w rnluoulJln tv tn?1

?3-h * 1u
6xz

a2h haTx S (10.1l)
^)oy'

flttn1tfi 10.11 rfluarunr: Partial Differenrial to.inr:'[Haxo r1ir16'6urtlu Unsteady luttu::.tu

al
Olvln l: $11 tuYlf,l]'1.11O't x, y [[d; z '1t fl15'][fl51s11lfilJOUnUnl:?tn5liHfll:

t atjoiu'r lgrou tuuil?5 tu uas tnflunr:n{u

0r

^), ^1 , ^1r****Kv****,2
ox' oy' cz'

s"+" ct
(10.r2)
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,i 4 , i < io"- A ,tt-o s, r urittoi Specific Storage *.rnl rofrlrj rldnuyfi rrrj:orJitrsr: ff0n douoonrrn

equifer fi6loi: Inud Hyarautic uead aoa':'l uuilr ro

dron:rnr:'lmnnrli, g = o rvld'jr

**+'xrd*-r,i4
ox' oy' oz'

0

ttnv tirr :-l equlter fi iq oral.ltio'rtuu I{o-og"neous ua g Isotropic

arnlrd to.tr uuJ6uugrJrflu

(10.13)

(10.14)

(10.15)

a2h
dy'

arn'lrd to.tl tfluaunr: Laplace tiruir Potentiat Flow

a2h a2h
oz'

+ + 0

0

10.6.2 Radial Coordinates iituirn r: lu nto uirldduuir{rioqu4nfi f,Unmr{ rtrn g

Jti,
fl tnr52[RiliudlJnl:n1.:1 yrnolzurud:Ina1# rualut Coordinate dr equife. iqorcrrjsr^uur-r

Homogeneous iloi Isotropic q;r:udunr:fi l0.l I arrLr: ortuuhloqjlulillol nuaiul

Coordinates 'ld'ir

a2 h - t ah
at2 

'i di s ah
T ar

Ad,
lll0 r I U Radial Coordinate ?nn]flUoflU

b ;.ra
UnJdl t Un'l: lH6lO {Ul IOAU[[UU Steady

a hr'
dufl1:vt t0.15 ns tfi1l

a2 h - r ah
u2 'i al (10.16)



l0-14

10.7
Zt

u I tgtouuaglafl tdglSuo.lu0u lo I o

t' " "'"iludflurrtu.ri.,1dor1d*r.',nalo{ Darch r[n3duflr:ruo !0ud11fl5our tlJ t:

dur:nurrirtol Storage Coefficient, Transmissivity 'ldtrnnr: aol4urirornrjorLrota 8.r'hJ
te9Ad

fl11UUfi1t:1YIt 1UnflU0ls10.l Aquifer [:1U.1d1!l: OfllU?tllxl:EOUU1 l0lnUTAnn itlJOIn15 flU

rirlddru

10.7.1 fll:l Alt UAnnuAvllflnl':lqtl-l (Steady Unidirectional Flow)

nr:'lrarrr:r Steady ovrfioduldru'orJilr*rirfi qnqrriolvaoonlrnrio
!u , I

urnraryirn'r-rrJilrorfilrar{r{ Aquifer nsli nshiinr:ril6uuurJarto.::yrTurirld6u nrr
h 5 h 'a a

rxarn'lr"[ua[[uufr ov'[rirfrniurjouu"nnt!r:: lryrordu nr:qrriroonotn Leaky Aquifer r fr.:

trn'ldinr:qurrfluraoruru luvnoJfrf6r:rorna!u6'jr e,quifer inr:'lrlarruu steady ruio

:vduri r1d6ufinr: uJ6ouurja r l:Jriou! rnnrurla r

l. Confined Aorifu allo-1:ir:'r1d'6u1yadruorrlr$a,, lunqrr.ilo{rrnu
o i- i ;

x 1u Confined Aquifer fifinrrruu rrrf lrflrro orndrnt:fr to.t+ os'lsi

dx'
0 (10.17)

rirnr:6u6rn:o z ni.r

h62

h Clx + C, (10.I8)

:l d a d, ' -ijuvt!0 h tUU Head lfiUO:vOUO'l{o{. Ct unv C2 lUufllfli}1r4 tno ]flfl]:oufltn: Fl

d !n'11 h:0 lllo x:0 tlds ah
K nv tfiox

K

\9
rudel{ir Head nna{ei2uo'at'ln{fi 6'rrraqrlu: ilff t o.s

(10.r9)h

2. Unconfined Aquifer
J t,v I a hr/v d

lufl'lt'lrfl: 'tv Dupuil tfl9ri1odlrltsl! 1u t'lo.:u
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dbaqtl) n?ttt:?10rnl: t?tat udFtd'lunufll 'l angent 10{ Hydraulic Gradienr
ia-,-,

ltYllJYl0YlllU dffd?UnUfl11o i Sine

z) fiavrr,rnr: lxaof lurrur: rr uarnr: 
thrcin?rrnrfiairrauosraon

9v :,
llu1nnnl1.lrru'tfi.l

1u1rJfi ro.ro fi naofiu{fiu'tufilrun ?1.: fl "lu Yl uytfi u 19t o9t.l ultu 10.:

(10.20)

(r0.21)

oa:1n 1t 1

arlr: o u r'16'o rn alnr: cio lilfi 6o

q

qx

lrayfil h = ho tUO x:0

-KT dh
dx

rdo f rfludrto{ Hydraulic Conductiviry. h tiunlud.:to'::si'! Water Tabte rtrio{udu
:la ,

frrirfuriru'tritiunyo!jlurru?:1x, x rflufigmrlto.rnr:lnn r4rnr:6u6rn:edrn1, 10.20

tvld
K
2

2 *ch

q f 0'"2 -r,2 I (r0.22)

ludnn'ilrrdxxo.: water Table i dnuorcldrrruu?ri: rlunl

fl1!fiflfl1{nt:'[ a1o.!r:t rirn':rr arnrmto r Warer Table ovrvr'ljn'urir t ftar
5e aee - J i. "toilnnl: tYlJOdlrlln!lun 0i Dupuit ufl1'll,noy{oln!ln1tu m1{nlul1luu1 tnafl1{o0n water

in, i- J - , - I
Table m tntlnnt:n1u?0rnlJ warer Table Yltnntlu0:{111'tfluutntlu

ttnn2lun:nfl'11 Water Table
i- J -Tlnouu i:.:ny0urllu0 Water Table Yl [O01fl

nr:rir1r?ru rfl:1u Dupuir alusrjr nr:1t arllulooqiluuu r:u1 a 0i {u: t1flr

lnd:cd'u,uo.i warer Table oyln-nfiu zfr-qmr.:n^o lurrulunu x uns y n:.:uir?iuyn roon:yriu

1O{ Water Table n:':!c tlJa 0[U 0{nx: sflUx 0{Hxulod:s llfi ns oqtllUOtJeUfi?UlOrY:3 0.tY]1

ir eA a ! , ri , | | h ddt rnnnt:cxulonuloonul (seepage) n1flu: r2olfi {fl n t'r (eailm 10.10 tl:3nou) uotoul.: t:fl9r

dufl1:tio{ Dupuit lalnr:d 10.22) is1#fio1nfir6u':riuo'rriJrflu tirlun:fiorru nrsrrrtol

Water Table tifl1U0U

u1ilsfin1:'l
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:rJn 10.9 fl'll tfiattuunirmfl 1.:t6021u Confined Aquifer

l0-16

Ground surr.ce

l,nf,-arEaue

&aid srh

S..rC t.t

,1r

,ro

tffi
{dltt

,; h ; ; 
' ,- '

trjm 10.t0 nl: l nurunn14t'lll-l Unconfincd aquitir fi oqj:vx'JlittHd{d1 2 ufi'1

Pi.ro.nctnc

\
T
I

I

ConfrEd aquifc,

t tr.l

Ltrl rat r bhlr

Cdltdd
tnlr d.

ilfliv
ddrertbn

.- ftn,
ddihrtot

--i-

lmp.rarEable
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3. Base Ftow ro Stream ntlIilfi l0.l I fiyrrlrilfln z arudturu riuuna otj
l^;!a, q,h, , !a, .i---lU TUnUYIUIryUHlU t! tA :gH?'l.lylliUltljlJ Unconfined Aquifer YIH?AU!r.lumnfi tOUnl: hi

,t))t

U'ltlfl Aquifer g'lUO9l:'lfl.:11 w ltAJ drllrd!Om{, {?i-U11

nluriodurAgrur0.t Dupuit ry'[ri6'o:rnt:'l oaofiu.:?1 ?un21r.in 'r 1{ no

-',i
rrayn 1nfi a fl nr:10{ d! n15 a 0ru o{

q

q

-Kh dh
dx

Wx

-Wxdx

(10.23)

(10.24)

(10.25)

( 10.26)

01nd!n1:?l 10.23 LLaz 10.24

Kh dh

K

h 2

h2
2

-wf+c

- ,; ,l , o i he,frtr:srrtrnt fr l0.lt iy'lii'ir [u'o h- ha, x=a uyruriln{ludunl:fr 10.25 !s'l6rir

": tn?** f aunlnrirumurirca.:luarlnr:fi 10.25 nsld

h7 + x2 )
,1(a -w

K

n21!1Mu1o{ h, ha, a ttas x qldorngrJ uasdl K rfrurirto'r Hydraulic Conductivity

tln A-flfl1:1on Syrnmetry tlAg Continuity

Q6 2aW (r0.27\

0
, .i r, ,, i- J ,

UflllO': Basc Flow T t n[{1qyl1nUl[ nltflntdlu 0l01lUl U?Ufl?1Ut,l?uO.tYll{

uonnl:10{fl 1:?tn:liHqnnn1? ln Iufl r:oonuru:vuvYll{:s']1{111.::su1ud11U'I

lt

u

Q6 tlJ

UNUU

ltuYlltm1n1t rfllr a:
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u jv rt
10.7.2 nrrlfiafiuun{frl{lddournra nfiflnt{ (Steady Radial Flow ro wetl) rtJ'oqr

:3 I
rirfru ornriorrora dr:0 1 rioursralu{uro.r Aquifer wrn6oufirdi{riou to'la uoytilh?

Water Table fi;o Piezometric Surface nno'! :YUtt O.l Water Table t'tl'o Piezometric Surface fiagt

a{n1n:soixl6lrioudx60nit Drawdown ldrto.: Drawdown rldo.:o'{nl: anaito.i water
-l-Table o 1rr:suyyrr.:fiinornriolrnia (qlrlfi 10.12) d'nualsrolilrfirna'oufirrir{rior rn ra4n

:i - 4 | , v J ,,,-
v|flll1{ttJolnn Drawdown nyI Ut1ln:?UnalUAn! slrO.:Ullutlsl til n'l:fiqU)U [:lnUfl11

itr,;^
Cone of Depression Yl: &u3l41J'! 01flUoU1n1Am!:yfl1llo.l Water Table tmlnU:yOUllO': Water

taute t6lriouar r:rGun:susriu'ir Radius of tnfl uence drrfl udrriruunturor.r^ufi fi ldiu
tl

oTnfl ai1fl n'l:dru11u0tnuou'lola

l. Confined Aquifer
r, ,i " I

t'tfl fl 1: zrn: ls?1?r1dufl 1:nl: tfi n nln;uYl I 0. I 2 cto tgr{

d!!9r!"ru?-r
I d 

' 
a d . d 

' 
h rl Irofinrttsa{ t n 0 txlrouYtulcruH'ru t! tn

o h a I tt
u'l t a tulru2: lululdu011nTflYt 1.t

equifer fiqtuall-61l 1J Homogeneous uag Isotropic

Piezometric surface riouquo{luttur:u

duu101nuo lnlan?uont1fl nmnooa['ln1

flllUl,lU1 (b) 10{ Aquifer flllltdU0Yl?Yl{11111l

u0!lulqran q;uuIt! ltuul tuu8lllnln t!gto :u llJtl,r0r:0r1
_ i;a a ,

Aquifer n: OUfl qUfl UYI[1lU1l:t1Oln']1.Mn

' h 9a a
rlt: lv?'1fl 1: tfi ntJ0tu'lou tulru?tllluaEUovtl ulvtlHtoul

d.a
unnfluuna I i10':'l:flall fln]:fu1

Yl:f,! r 01nU00Y to

a -2firbK 4Idr
( 10.28)

f,oalnr:fi 10.28 lfirj uasfirnl:dufirfl:o Iouldrtoultfi'jr r:r'o h: hy , r: rw

ng

1)

2)

3)

4)

s)

6)

7\

8)

q1

ho - h*

trdsllio h= ho. r: ro

Qro
2?rKb'n,* ( 10.2e)
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RecharEe rrtc W

lilllllilil lil
iualrca

lmg..rrerUe

:rjfi ro.u nr:lrnuuunrfiriiir r z erufitururiuttn Unconfined

Aquifer 1l1l Recharge d!1td!0

Sberm dEnncl

l|nla e
I

I

lo

to

,; . i !; q -Iilfr 10. 1 2 nlt'[ nuxunlYll'lnrflYllrquoqljUlllltltn I lu Confi ned Aquifer

)-- &m!nnu clIulnl,
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;-- {
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Uncdrfrrd
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I
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a
2r K b(ho-h*)

( 10.30)
ln (ro/ r* )

< u,y e ; - i .i
lflt0nr.ilJlUAU t 9l0'11]llJ11'l|0'l:tulO-lU [tAsfl:yUy r tA'] 0]nUofl'lin'110{ h ni udlJfl l:14

lo 30 dM:oriuuldlnil'ir

a
2rKb(h -h*) (r 0.3 r)ln(r/rs)

27rKb,(hg-,h]
ln (ro/ r)

( 10.32)

d!nltd 10.31 t:16un'j1 Equitibrium Equation r5o Thiem Equation d{fltut:o1drr f rrns

T 10.1 Aquifer ldtrnnt:mnnorqu rrrnriorrora lnunr:loriorxrrGuffurfiorirnr:inrir
i- J i ,1o{ Drawdown ffrn-rriutrnnr:arrirnrnriorrnra riodsnrirrGun'ir observation well

6'.rrran.r1ug:.1 ro.tr lunr.rrJfirior'lilna:1#rirtor rw rros hw lunr:yrrirror K un: T
" i J,

[:1sn1:qEUlAun?1uq{to{drrfiodt'[flar.itucrsun:{n:or (Screen) rrir{rionvrirl#rirtor
a ra, ", !.hu. t{o tU a2ulfinui.:n2: tnt,o{ntln Observarion Well 2 U0 tlAyn'llJoi T dlU1to 'l t9l

nlndunl:ciolilfi

a14to

Ql
2r(hr-h,)'T Kb n ( 10.33 )

(10.34)

r

T11t O .d=i "?
v ,A ! " - io ' : v ,'

n110'l hl , h2. st . s2 8lntln? Yl 10.13 nl: qUu1n'luonl ln i [uY?i[:1lqUn0ilJn0U[?01

}iriru'hlurunoarnl: rioufinrinr:Snrirtor Drawdown rfio1#urjh'jrnr:'lrarrlu steady

h,^ J
State lnlflollu ttng Obsewarion Well fl']:WoU tnAflUllOUlold

Unconfi ned Aquifer lunt:itn: rvt{ldclnr:tol ouputt lourioaurLer-gru

; - , ,",- i
d1u h'liulfilJounu lun) 10{ Confincd Aquifer nlnl 11 10.14 dlrJ ]:t111'lon:lnl: tfiA tofi{U

dha -27tKh
dr

(10.35)

,2
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t'qa!nr:fi to.rs luri unc?i rnr: oudrn:nIn01#[-r'ou hff.jr ,r'o h: hy7 , r: r*

IIAYI1JO h= h6, r: ro oc16'

a n * -!3:ni.
ln (ro/rw )

lur4ruor16urtirn:dro.: confined Aquifer rr'ldalnr:maIJ6':d

a 7tK
hi-h?
ln(rrh)

ho- s2

( 10.36)

( 10.37)

( 10.3e)

(10.40)

(10.38)

riio.r ornnr:'lnaluuu16{uir?ulndrioinr:]r{'rdrto.r:ydrirotir.rfomu rir
qe ; h :"" ,t dUnltYl 10.38 tUdM:Ootuluafl!Olg10l Drawdown U:t? U [qOUl{tlUU0U Unydxnl:

d t0.38,r.'alrlro1#rj:ylrorrirtor r ldlna

+h

K ffi,";

t
K

rrngrJfi a.t+, hl

rumudrallualnr:fi ro.ra, rsldrir

ho- sl uas h2

T z

Kho

z

a ln
,2

f
I

T
2

G,-r*ai-<'
s

2
2

2n 2 2ho

lUolln]: lnlJu1[1,'1fl Unconfined Aquifer YllnH1nUrll009l:lfl:Yl W 01ttvlllU 1n]n Ufi,O

trnnr:na :iyrlu rliurarnr:'ln nlu Aquifer n;riou.l rntrrtiuunvirJirralurnqn ( Q* ) fi
, ,i

]lolllfi"ln !1n: m t 0. l5

)
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OriJi.r.l !!€r., EbL

Confi.Edb

grlfiro.r nr:'lna4nfiavrrlrdr{rioqurirfirorrolluconfinedAquirerfiiturnluojlrn

h

I

-t

gr.lfi ro.l I n.r:'lu arnfi amr.:rdrdrio glrirfi ro r;arh Unconfi ned Aquifer
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dQ -2TErdrW

-11 r2w +C

rirnr:urdr c Inul#r.:'oult'jt r --) 0, a Qw

:urfrl c tlllrYlun'l tuduoltfl 10.42

-fi 12 w+ q,o

rllrurir Q alluaunr:fi 10.35 i;'ld

-27IrKlr 4
dr

-fi 12 w+ q*

rvj u i'
Yllnl:ounln:nrlny t,ullo'u l1yt21 h - ho . lxo

lunr:rrrir c osld

ff<,2-(t* krP ( 10.45)

o

(10.41)

(t0.42)

( 10.43)

(10.,14)

(10.46)

a

roI

2
o

2h h

dufl]:Yr 10.43 r[1rufr1

Qw

Q:O llt o r : ro tv'[d

t7t
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