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U1 (channel Flow) Alnn1UlLnnflA1u1yl l14I ?11.1 L:Jt laU 'l

"..auu'l u,nY tlMdniY tvinaa nflll'l{aa n (ouLIet) ?o.,nxlJ1

< "r.<n rd 6
alln {n 1u1vr 114}vrqn tu

,v
n 1 lul r \rfl um {a 1!'1 tuRllu']

o. -- -'
au Innn1?0.: tu14??au 1 .3

<lvcae<l
A9MUIA 1n01u"Mnfl 1! !fialJll?)jnUt lun?') Point of Concentration

t du qn l 'iutfi r. r ugi"tl-nrrinir point of cqrcenrration fov,rman
d4 r C(outler) ?a{ax!ltsJa'[U tglJ en H nna?1tlu poj-nt of concenrrarion

. -{."-",n111 mfln}lll1uoU ?O {q!Il1 []4 tttr1'[X0Un!

r -a iu frf tD'rfi 'l (oerinrtior of watershed)
{{ jc i-",..

oxu 11111 'lu 0 imflu.t14J nt tu 1vr1 ?nu (surface nunoff) fi t finornlufi
{&

nnn{uumJylu av 'iUOoanei Pornt of c oncentration l nufiuidrrfiii u fi u rYo.rfir

Point of concentration d'u'kduui.:lrur oflrc fi:atif'rrflll ^c1n A tuluvl 1.1

4wcc
fl0 Point of Concentration 

.l tlfltdl 1U ?t).: nlJIJi niXURlfl ?ni aR H t L Point
{J'-"' - .' -Y i-a i "{Jof concenrrarion ?E.l ltlllrllrlJ'tua u (!lt?rw[nL,:'l) tt.luut!a Hnn']ljylllnn{mjll

'.{.',." a n r{.',.. . jJ
nlJU1fl?lFO{Irt [,1!n? 1t Ul.lYi!?lnlU'l t l4Lo Qn LR t ?lum]vlnlJ1,l'lltnlua Hvit ?nut ?lltt?lnrJ

airnaH'ltrocui dluTnnrryouqi fiiufi'rvirflu 3,220 nr.ruJi rfluhu
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r duru-i.: r meirnlr r iun irdur]urfr (water 6hed Dtv lde ) iol,Ju dri''

i.r'lu n r l uu r 6.r E o r r ofi d #rn u otr#r#a qiua n dulurrr r v 1rlnn.rluqjnirir aiu nii'
.d

tlfrR,t l1 lutuvl 1 .1

0o po int of concenrrar ion i.ra givr r.rfi rufr'rurirlrndufio clnilh
- { {"', - { .- .' Ci, -A1g1 tURn{ 11'l nUxlnml ttflSflllylfl U']t V!1ngUfl 1Nn 1mJ n1l t ltll?lO.lIU nrJU'ln'l1l

rru roirir* rulrr"rit da point of concentratton r n6'aun'r'lUrrlfiruvirgfroc

dur:nrnnlffrunrili ri,rmnl'iu:rti' r.z qnfifufiriuffrrduff adrort'ufifrln r,rlurl

ln F, E, D, c lrnv a mn.rn'.:onfiinirirdrrrlunrdrx"rurraufl'nf1'lud yh'Iltr

ri,- .-^ ,.'{ sl, -, ! ! i{i, -vmIfllJulnlXttu?n 1U',t tl4rXtltIrun1 fiUyntUllaH?a.:0',]U',tg{ 1!1 fl?U??Wmrfiq U']

,irr,r,fi'u#rioo,rn#rfiio,ntr*rr'ri, (o""" t"nd Flov Area)

r .l larrr'rslo.ra'1lrr

(Stream Ne tworke )

'luilrnartrdn{ga {so.tlun n'a'jrn r: tnurn r "t!nfi'1un6.i (simllartry)
!

1un r:1unsa.:sa 'rtra rflu r nia.riadifrqlun r:r.r rn r r!frlr{u6: cu'jr.rHnn r:fnur'lu

Irl r non-u'lu pro ro t ype r du r fi H rn-u luiorqnninu r fi 1fi'a ri'Bil# r niu?n-u iil : 
T 

n

v d. { < ' - {... i ..
nnBotvl1.t6l0,l?vrtl'1 (Geomorphology) xran1:rlnE')? 11.lnnB0EnuH?t 

'Luri.nJI

4t<u''
lJ'lnJ r )rAU.:uAnn.!R 21uRB1URn.!t Cn',ir.rrirnfrdr.l r lnu r oilrvaJr.ri.,rorrmflrunfi.l

sa.rln:.:ri'rBsa.:nirirrirl .r

r!
n, R. E ( 1945 ) uJunuu:nfi 'li'inu,'lu r i.nJirrru r fi s?n'uf nr.:

4 ev U. 6
ull lrltE0l'n vlJlJ tl.lnltanalmJ lfit.:lJlu?ro.r0'll]1r5atu.tftflf{fl1 tunll

14'1R?1lJdrmr6lvr4?1{a1u?u (tturnber) LrncR?1ru1't (Length) !annifln-tu

aifu (order) uo{nhf1 r sulnl:a'fl4'ldunitir (srre"r ordertng system)
< 4 UUtta{ Horron i.:1d':'rn r:r{qnr r rrri'hl nB srrahler, A.N. (I964) :vq'ir

o e< c c { o u o w d < - ..Eu1. n1U',rv[nnylflR tun]Ju'tna n'tu1n1R!yl 1 I.:!nnayMll Lunroytls

d?.rvlJ{unn

.o.u< .G rl r C2. BlUln',tml?l 1 fra.rA',t!1UlaI1nn ?1 [],tRtJ1t 2rJn?nu agtnRrUu
.-.-i < - .-.-i a t "-{" "o'11.1',ra'lmjvr 2 tulr lua.: r RU'lnun 1I'tnlfuyl 2 n{lln 2 n1iI1?Jl.l t Lxdx']l1rrfr1fluav

Horto

?,1H?a {fl',]1.I',] tlnc r
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< -!L. nlRUta{n IlaCn 1ltUflnlUA 1flU8a {n'lu'lvll CU'lUU1Oanflu'1.taAn
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1,3.I Hortonra Law of Stresm Numbers

Horton fr$u
o { r r r u<l r w'1fi'tn:unlJul taI au't11u 2ua'Iu'tlln'ttu r (N. ) lur1

.ld
ttoa.fl tuuununlmJalul I tlo

J

.l' a1 unlaH:3X?1.t 10_.r r ) 'lun: vnrcn: r

semt-log lnu'bi n a glud r nn don un c i atilud r nn El ?rn 1 a cllfn ? 1&drn{udt
ritutdun:.r rYruan':1u:rjd 1.Ir rng Horton

(RE)
1s ! ' I ro.vd

14:Aanl 1fr ?u: v142'1.{elu?un1U1ff lmJyl
tv tol

n ofl 2un11fl'lmJr I + 1

(tl ) rn1fl.lyt IRtitjtc lrr

?'t Blfurcetlon Rat 10

(r.r)t=l, 2r....,I-I

2

1fi'np

r (N1)

1+I

r:1i''ir

N

Rs
N

N

N

I

I
r+1

5.6 tlnv

l.t0

N3=o rnsiuirrYratir.r'lu:1fi r . f N = 28r N 5 rroc
1

I

N
2

3
5.0

N
2

ruyr l nuqBl Rs
d' q. d'

avroln'lfiRtyl1nu 2 $nunnrvllnlaHt cl,t11.1 3{

rir Btf urcar ton Rat io avnt'l6'e'tnn ?'lxn rifirta.rn: rr{ r dun: li.r
.l-'tfi'crnnr':fldan Nr vs.f iunlsn'rtsnt1y{ semi-1og n'ldratirllugufi r.r,

. .i <rR1 Rn t0{nUU'l Hamon tlSVnUllUaU Mamon 5 ( ltJvt t.51 xnll?lln'U
.- .i r ,. .. u {3.5 un! 3.3 n1rJoifiJ i.:n-arr rnn r nulnu$nc ufin{n \rR ?rundrun6.rrYu'lu r i.l r:sr

, ,-Yn0n (ceometr lc slmllarlry) rvx21{arJrflfiits{a {
j .-j"-^ -lrrovr:1u R- a vnlarulun rulyl8'r mr rR 'r ru6iuflJutfi'e1ndntts _ i,_,, ,,_, ij._

(I.2)

1.3.2 Hortonta Law of Stream Lengtha

iU
tu14'1U0.1t Rt ?fru

{
Lau of Streem Numbers Horton u11fl'ltQnU

sa {R?1xu1?ua {nirirluwinvnifu r (l ) urj:n'urr]urfluni.:n"usiriJn'Tf1 1

Lrflud 1 11

r- INt=R;

Seml-1og ScaIe filutn.rlugrfi r . u

1
1u
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L
rI0 i= I, 2'...., I-11+l

L
RL (r.3)

I

a Lentth Ratlo

Lt' i+lL

RL

d .- o-c
R?1NU1'l lOnHgO\rn1Uln'lflUYl I tlnV i+l

fl1 R- aW1 lflQ',]nfl?',llJn1nr ?JA{n:',tilrflun:.: rildradr.r'lu:url r ,rrLn
{,R, ga.lnllu'l Hamon ttnu Mamon 5 ,iR'l tlt'tfllJ 2 . 1 ttng 2. 5 n1un1flu

Lt

n i 1ilu T 
1 I oduta.:a'rrirfi'airY.r'ln'r'lueiuu-r I cy r1 lia rndn :

-1 (r.4)

fi't

RiIL
1

L

1.3.3 Larv of Streem Areag

Schumm, S.A. ( 1956 )
<l w-
IR?1lJfiImr6nUn 1RU n',tu1 1 ttn3dlil?1

i ri, *
ru 11R'r ! o6ius a .rriurinrd-r?ia.lniffr (l I

A i+1
R

A ltJo 1 2I r-1 (r.5)
A

1

R
A

rua

Ar*r=

Area Ratlo

A
ri, - i .- ".iuunu!1 t oau?a {n 1u'rn'lfnJ14

dU
lU lua{tnu?nu Law of Streem

nlmi ln r tsolu'r taa1nf,n:

{1, - j .
Le ns rhs iunqrnir r oduua.:niriri

Ia I tlAC i+]I

rir R . asu11fir1nn? ixa 1R ! yr?ro {nl'r},lr (un: ld.r'[fi'ornnrryidonA

At Vs. I 'lun:tnrrn:rrl Semi-1og fiuir urro., rtng Manon 5 irir

\ nirn-u rr.5 tto! 3.8 nlrnifir i'.rufn.:'lurlfi'r.r,

r-1 (1.5)ArR
A

1fi irYf, nurfi urrildrnr'u6:cuir.rnrun-nuruc0a.rlaln:n:rytn-uyrr:rirna{
!<

!a.: lflt.!fl'lHailr'l r dUnl:flnB'tto.t Rodrtguez-Irurbe and valdes (1979);

A
I
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Gupta, l{eywlre, and }lang (1980) UnC cupta, Rodr lguez- Iturbe and

wood (1985) nrlfia'r.r6.:'lu Chow, v.T and er. ar (1988)

t. - I --<' ir
r 1 l 1 rl r na lv rrdR.,tnrudnEfllu ga{qunnlau 1 utR 2 llEnrnJdln iJ n 1 I

i r o:rvil'laIn:n: rr'lua.:{urir'll{urinrrururur.iu'lunll: vu 1uti1 (Dralnage Denelty)
dr

U0!fl?'luu12lAOU0A.tn1l'lnnuUil?tlU (Average Length of Overland Flow)

R?1UllU1ullll tun1::W1tnr',l (D) RaAnr lfi'lU:3r4 21{rn11ljtA.:R 11

u 1 i?a.!aif1v n d r u'lurirnhdailufi'n'rnir

N

t
=1 (1.7)

I
1=1

1 trj
D

AI

tNa L
{ . ou rw'ln?1xu1?ta{nT'lfi1rJvr j tunlu'rnlmjx

rY
tJll 1vl iMllfl

ds
R21rt 12 IonuEa{n1: tUnUUfl lRu

tij

$a! L

or n

I

ri
I .lyl

2o

tNa L

(r.8)

R? luuul tniu'l ur'l1,

1.4 ,ll filrflna.t:'U t1{nrulna t,llfiual 1

(Effect of waterghed Shape qr the Runoff Florr)

3.1 irr niuuri.r rn 1uu1?f,ifli rn 1r01nrx r 06ura{aif1d1u1d

tfl1Uf1 (orainage Density) 'rB'1

a-r 6J r cnarrlJiilr iraiaporfitr r.rnafl rdnfra.rq'ufrdu r:ndfl lfi f,ril

(1) }Jn:.rt:lrnfoaaoq'rtrl 1r....shed Geometryl dllf,uri ilud

(z) pauifiral-'ulfirui ilinn'u nr:urnue.rin;u (Grain-size
. {.disrribution) tuaRu R?1IU1n{1u-tm'ltfintd'llnu m.1

$i f,#rlnq, (veseEatioo cover) lfiui dinuaynr:n rsllslo{;d

lntercePrlon n1tn1uf,t 1a.1

( [ ) dnrm r.rqnnin ur lfi uridn:rn rriltrraltrtlun'u rlr'lCl6u a-n:rnr:

:v ruu{ndR il rcr rm ra.! uiffrd.ra'r.iriuurif'rrrn'frluanoanJ (perenniar ) riaruitrrrJ
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iffrlua r otrrcrn".:Cunnufln (Epherneral ) '1f,''l

dnrnvrr{o:dnlrsr lfiuriln:rahrf;uiu e"aro.k iinuaun1t

1A'1

4iarn rlt lfiuriqrunnu' Cu rJ :rn4nr:niJ :;ciqgn roucvdr.r r ror

'101

no{inncnau (sedimenr yierd) lfiudrurunr:'luntrfia t drlunv

fl1:!nr1n8nau ttttffitnSnau 10'1

( 5)

- -a
n tge lgua{Ruiuuu

(6)
..^

uagfn u0 tun'l: I nR

fi)

(8) fi Bmrula.rcrnrpti lf,uriurnunnl:rrrMrE{n1rf,f,u1 nr:ria

dhl nr:finlfmisTnJl (Deforesrarion) m1

qooniil rl pln :.: r r t r rfiniin Gnnda nJ j r.r ml l tln :n r rr{uov6'n : 1n 1 r tra'

{.r{n f,2usudxunn{ttn 2 0{ E lvra}r Drff0a ru1n:I't4 1 -[uu?tau4Ena1?Iofl1cflfl

!a{ liln t.! t r!'r fiintarq'uh Cr ufu 6na ra.r qrrufi nr,,rraju i rcniirr'luf,2 hfint

q'rfl ia r d d i r.: unn drlfi ulf, l rnl rufluld thun il r{n rr4irJ : r rr ll finqn n

insrciuruurnlf,ffirurtlr'r n:rsu'n'.rin iinoml pln :.r r rlrrfinzarq'lrhriagrlir.raol

ltln :n mlunva'n :rn r : luafll{n dl roa pl fi fi .r d*n.r'tu gr}n' r . e

40

e
G

tF.o
:

v
czO
=
(-
C
E r,o
s)(.

s I S'1.?S 35
Hv w

I

'i
t
I
I
I

2

,
I

\
{ \d 4

,,
oo r 2 3 4 5 6 7 I 9 tOI laBt4t0 16

c (dtt' )

d in f,nom.r 3Jn :.r r :arnfrnaa.rqrufiidalaln:n rtlraYdntln 1rIfln{.tqtl

I

.t

1.6

(Richards, B,D. 1950)
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lgu1trw L.ndr z L1nrilBunrgpi E nrn s nIlLB$LptGgLgnpg,r.ru

I Flsr]c b RL ]]L suuLnLpsL u]Lse t*EtBullrl ts u r rs r uluFr ec:u trE N3[ru r uF*t
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T.LEBUeUEt I elI
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t,fuL It !LUr'LgrE t&nnu
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eB L'L ur0nr ruulru u ffru.1n&u 6 rtgrllussL#dt]Ls > r'
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Sriurucn'{n0'u ruifiarqfiulfidril'rlr r iaq uncauriliur'ilnmvff.rdulfi uur, illfin.,,

i r n:r#i ru r Sr rsbiic r:oro'.!n r: r fiun"nhaifiiun: chainner Rourins

ma0liDt rjltrrfi.r udar'lugrJri r . e iUaXoi r.r r Hrriall il

rn unf r.rua.rq'ufr 1wl = z

nr rnsrrra.rlilfr (Ll = 5

r.l , *
rtltlorlU1 (A) = 10

a.l
n? ur;?rodsia{nlrlilnuui?iu (v1 ) = 0.1

rn rrr r Er t oduga.!n 1rlltn'lu 1.!1f1 (vz) = r.o

-U '-flunfltta& .l nltt.tfllltt1

drq'rnrlrhrediraua tit = ro

d.rJ.a. fiilr (nunoff coefficient, C)= o.t

fi'a '.rn r :'bhr r1 tlnrn r 1iln luuquinJon l r a.,r{rnirrY.rnrir r

1.1

nlr

nr.

nt.nll.

,r. /2I'.Dr

r. /2urr

rJr. / iu.

2 nr.

F- .l
__>

:l
)t-5

:U?I
u.d
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: 1|1 Time of concentration

lvlnotJiirln r
1C00

do fi i, : rg v, r n ritr",o ",n 1rtln*Jqotr6rf',

15 ,000 'lu 'l

vJ
!1t4

.5000' 1.0c 0.1

250 U ?r

uI['o 2

v)llx 3

Dlll l+

gruiir drrnornr:nnm{Cu (rr) r#rfiu t.

,J . . r. iur'qhfi'rridrufrlfi1n a orrinrir,iu, n

;' . = t" ilu#q1ltrrrt{rufrtf,1n o ,duo..n(*fiir t, = t"
J lit ,...fi t > r" ffi'auJnHinl lrriruqn.irufrlfilnanunifi:t

,{ .,i.1 ,,uriirfiia{rir.rlna1n a ctfil n.r,irufr'If,

d . = 2t curinrtr#rdnrmlcnlnodatuirfrcslnntlflrcn ,rrr
unnl ilrtulim rov t iu6uu'

,d, .. = t. a!6lTrlr0oiu2flxrdnrnr:bn{.r{n (%r*) IfiIru
liXn: Rati6nat

u.l

q (!?/iu"r')

%u* =

o.e*ffix2000x5000 11 .1 l?/r'unr"

UJ!llr gJ irrloln m rtln rur qufrc;if,nnor;fi.r Stri' r . s

ciA

5

t f
!

11.1

t+t c
250

!

lalnrn:t{m.rfirarir$ r

10 lllJ

,ln' 1.9

500
r

t (uri)

1



mau 1{vt 1.2

2Dt1

uillu 1

l'.- ,/., .,ifl
I ,, -lI i ---* |'t_. r-,I. r .f nl. 

I
1.5 nr. E-

rilririal ir.rfl.: rcnl'ludri r .ro uonr'[arodr.: .r fi.rf,
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t
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lr8't 110 t'l ff1 r dn:rn r:hom.rfi nilnntrj6+l r.raanlv rn rffu
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ufillrnrtnr r,
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e I t20'1d.ratr, :nrfoiu$rn',#, n tltrrniu lHf,.ri

At1
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I in A1 * in-t A2 * ir-2 A3 * + A1
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tuaru rru riala.rtlrm r:n r.rs uin:rxar

uactlltn ur INmrduirirlrirrjdsuujaitJn',u
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t ua Raa{n 1 r6tx r (un'l-r 1

rvHal gruH'luf,rnJ :cih 6n rrlilflir' turrcdr
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r2a1 drnr:nl t .r,r rraglug,Jrii',uurn

niuun'lfics r finr dadr.t nnrdn :rn rrho{l{ru'u rlaanfru htrn rl t hcdr

nrtnrulu c, tn'rriu time of concentration r t.l aa lq'ufrrnfi uifirdll rrnrnr:nn

m.rcurrnil m u r [ilm{cuccfiasn.l i.rf,rUuriuauiT dralidr.r I r nrrn rtaqs'lfidrdn:r

ni rlxo{.rqn
!-

aln' r.et udn't 6.r1fi.r ucln.rfinuficta.:r'i rsochronal rines fll rif,u

= f (t.)J'

r r- - . . t

nurcnurlrltrrnaruo1un2 rdu airj::tno t{a triu fitr'rjnnol- -n''- - -'' ri_'- _-_A 1A'1
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012315 6 7 atI (dlr. x:o 'lll)
t tr drnfu ac max

ss. 1.21 lll.rutnlf,nnocdru lui6 r.-t .onaf Linea

J.
uo:s rmr'lca ilJ rulnsdxn l tlt 1{ nfrn'h dn t r{ruf.riiu i = f(t.)a riautr.r ccidrnoi

I

lnsr orrrllrlfi rrnnl:r't nrr$fi r.ldifi

...J,<r
frm not d.r rbuir.r t ian'a lfi uncfir'l iad r{ r rlrtdur:1fir{nr'gnfia.r

r r i -rlar .u. . '
aU1{ l rnnltJ2 ElllllE.llnnfla n'ltt nUu rEochronal Lines Ulluflditlf'frilfitjrn
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(1) 114U ;ufi r.r'lurri.rfoqnninu'nl:uqndilrn:rdru r:5o,ooo

aiMl

firi{nfrtnutl Ptanlmerer
I b 1 d. .flr 1t anu:a trfl

;rigr;',0 (snrpu rna"*)

mvi.:dp]iTlufi1upi r. r rfir

n n'ir{rnfr'lug

1.1

1.2 urlr?Ja.:n

.i udn.:oiflurYuso.rnirho.rlupd r. r

.t froinrrrmurujuso.::guu:c!tulfr (D)

.5 R?1xu't??ro irnr:'lnnlufi riu (r- )

I

1

1

.6 Blfurcarl.on Ratio (n, )

.7 Law of Stream Numbere

u0.!nru1

!o{nm.l'r r-1
Rn

1.8 Law of Strean Lengthe (tr= lrnrf-f)
1.9 rtme or concenrratton tYrniuun'in#oglnfiqm.ruf,urlufr i:tfiu

+ 30 !. norr.ooo#.oo I i:;fiu + 20 runt

r.ro {rnfru"T 'l "lilinrudu}iu6n'.*qlnr: r, (1161 = 1.[ A0'6 (n:.1#)

a {dlU i1riuf1fi'fr nur rilulUnrmrruf,ffi 6d jrr.riali

(z) ri'rmdnnn.r'lurirnfr'luflo r inrrlrs'r (rntensity) n.,rfi'ryirn-u 50 ux./

f,rlu.: unylunnurufil s f,rlu.rindon'u rjrnfririr rua. ririlrrrirrYu 0.5 n.,nl1

2.1 a'n: rnr:"lnnX.:qrr (peak Dlscharge) iurloon I
e.a n: rrtririlr trlood Hydrograph)

!

z.r uiurn':rfrvirufilundruiar.raan e

N1 ( )
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(3) di'rnivunnrrlrirrofi'usalnr:'luom.rrfruuiriu'lud"lodrl 1,1, 1.2 unc

1.) (tro.,!tandlrillcnoun't:dau) irirrrirfu o.t l./iuri eiudoXndu .r

nltiu unvdr I t rnrn t:nnta.:alu tyirrYu Tlme of concenrretton uo.:{rnh
. i , -aIUR:{'titOnI a.U"t Hydrograph UO.:qUfr}i.: I

(t) rdur6urrYudos{uuilufrai': dj',or.r,iloduso.rnr:"lrnro.:rhuuiriuunc'lu
.<vrrsffrmrnfu 0.5 u./iud uridulfi'irtunnuru s f,:Iu{iadorYu lnui

dn:rnr:nnludrlu.rdr.:,r ri.rf,

fl? tu{}l rJirrrurlu (l:.r. )
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cfiisffl iuoffTr ivlur

(statistics for Hydrolcgy )

trurrn r:nr.rqvn rrvru'rrufiHuuiln.r1ilflTJ r ?n'trnvfln1rifi'lu*rtnlcfiili'lfidrlr:n

nrnr r:oi'tHurldru (Determinisric) uncut {dluottn r:rilillH (Rardon) aJ?!n1t

- t{
finr,rosilr iUn'ir uJ ?rn 1t df nrrndfin (stoctastic procesa) u't.ln rfi?[J ?tft1iy11,,!qyn

. r J- .,
?VlU1xn ltNJtriU lUlS{tl?UfEttrlTln21Ul./ll Deterministi.c lJ'I0 am: yvliltn0yn i fl'l

4tj'
1r'rr 1:r!1'"1?[J ?Un',] r fl{nn1? r uuruJuuruRorau'r \t r nE? !.!rDJ 1Hn?'lli'irrirfiin"tfirclilJ" dil

sl lJE (coruelation) nln'lqtr,l .r i,inlfi"lnfi f fit"rnH (space independent trnv time
r4

independenr ) rm S fnE0Jnfiu't,l f{0 n?E.r}n fl1a3 t aur!run !u ?1fi 1t tEJ!tn'ura}ld1lJ 110

1h 6r.rrun.rnqdn: ttt m\t Extreme Hydrcrogic Events rriu fiiyiaru ia ufi.! (Ftoods

or Droushr) uncrirr o6'um.:hltou, lara ixu'rlutir{:vus r rnrdurrur! rdu rtu:rgi

lrn,ninc'tHndr rfi .rn r:'lIufrinr:yrr.:n66r iloBurub4nvrrqrn ivrurfLrorn fliriln r:uw
, - ,:, .d .."n{ i .

I:URAI [I?U?D.!ll1l'lN t m I ltnSr{{ fltrU ?Dn 1t-v11,,! finmmJj'IUa']nXORX 1.1ftuutll fltlrlD EU?U

d'rn1ilrrilrrJ:?urluur:urbxro{rfl"l@rdlfialr ?fl?m 1:du'k6!fli.r Imrocfilr:orlrnrirfi
lu

Tn"[]1lrnn{rfrrms 'r\rtltrJrlr?n\,zu?ln'rr (physicaL prccess) irili'lflrn'nrirfiu.l

?.1 n'r:ia1ifl'rflomx1{ avrnlilurnlun'nsa.,rnr lrni'ra s r flu

(Prc,babilistic Treatment of Hydrclogic Data)

|hru.t :uzurbl (Rddcrn Variabre) r, r iufi r ru.t :i'f rl1 :no;u1ulfif, lEn 1: ttan

| .( - . - i,
Ul.!fl21lJU1aCr U (Probability Distribution) n 1: UQn Utif lY:U{fi\:lEn 1dln1 x

m.,rlhruJ:qcirilaliru'iudr.r * ii,irro Hmtirrrdu x ioilurruirp.ru?rmlnuBrrsrd.r

n'rtumtre{n?rrr lirriu?D.r x avlonlonldnrudrlvriufi'lu:rgilfilallluillnilndririr

oqj:vu'ir.,rririnruun'lfirdu hundr :o ir uio :o-,,0 ilr rilufiu
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qt'h{#141H,1, xz, ..., Xn ?n.rfi?u]:[rurialritn'jrf,rotir': (sarnpre)

ouifi'irlHrfiufirodr.rarlil:cgrn: (psulariont ilriprortiur.rafifin.rfi uwfi'r.ruorfifi

m{fimdrrorc ruiluun{qr firatir.r#,rfufr.:a'n firad..rniu fiatirJriuttlfrfi.rrclnfilil
I . d! .

a-inil:Si1nflin lum'tft t im 11 sarnple space unvtUrnf:Oi (uvent.) in subset ?8.,t

sdrpte space firuan.r'lu1# e. r mhradrl sampre space m{ilu: ruiirir: cil'jr.l

o 6l - fi.ruft'irqil I rfirinc'lineir.trrnruu (t ou er and upper Limits) aror'rir

flasndrfriT o ,ir,rrn.rdilu:ruiirirfiaun'irrir'lnrir#.rrdu bsn'ir ro ir rilufru

Sample spaceO

AAB

zd rupr:ni A !t0v B io s,rt".t mil sampre space 02-1

rdu firif,mtirldorl'bXu . o', n'hXnfin'riragludr.:rugrr:ni e triniu no n'lufi'

foirvrd (n"rarive Fresuency) m.r a ovfirilriaYu ) firf,rodr.,:irnnn (sanpre

size), iili, nrt oJhrfivr'qr1fi rir:L:cr iura.:nrrudravrf,ulHi;ioi" iir;,

fir p (r^) innrrrilros riumr rrsnr:nl r il(rrr:nqvrt:sriu'lfiq^,nfiradr.r

nrldroc lf,ull.tndrrr im'ir objective l4i0 posterior Probabilitiea

P (B) lin
nA

n
(2.11

{.
rua{aTr n?1ru11u r

du , t
f,ufi urir rinroqjriutirrn.lfi ro :uzurhufi Snllnilr.rrtn;:r[ ttnmtMltv



rl:vr iulan rrfir um rtnfhournnqs tn'nqrl Jrdseren t m$l:cs{unr:01 rilt:trfiutir.:
s.i.{

}l0.lt?Un21 Subjective 1ll0 Prjor Prcbabilities
riu,tA

nn rn u 2nuR2 'rrJu11r ! ljulE ir r lrqrn 'r t0lfE

1. rotar prcbabirlll fi1 sample space o rni.roan lii riu ^ tufi'

{.r'irifiL,fil,rns uinirurrr:oi Al, A2,...., .l* ovlnlf ir

P (A ) + P(A +

2-3

+ P(A ) P (o)
m2

(2.2)

(2.3)

(2.4)

(2.s)

2. Cdlplementaritv llrrJ:rn4'ir i tflu ccrnpremenr toit e fiuio

rc'tf irA o-A
AP ) 1 - P(r.)

3. cfiditional Pr(,bability fiUt e rY
ta^

sn 1:rr A tlnv B narflr6Rit'lugrj
,i,r'"Ziri' z.t rxpl:r[ A 0lrlihrxprl:offruro.,rflfiidrfiotnrir lo ir ?ruvn' B alaliurx?

nlr#onlrfi',oririrbtnrir 4o ir d.#o-,nlrrfiu AnB (A inrer.ers B)

*llr6o,urn.rfi'rn'#l a un! B x;ailu:lgiidrfiogn'ir ,.0 i, . JfinrYu llr prszat
a 

' .i .e . {fE cqrditional Probabi.lity ,l B a!!nfl01 A tnn Un! p(AOB) fE Joint
i -U, I -prc,babtity ialns B es.n'nfi.lri oc r iaur iusn r:'lH'ir

P ( ANB)

P (B/^)

P ( B/A)

P (ANB)

P (B/A) P (I)

P (rnB)
P (I_)

P (B)

P (B) P (A)

u . .'I . 4 ,A i.
n1t?ltR1:t! B tllanaHnunlttnRlxrfll:01 A !4:a t?ttn 1:orvlnm it t ulof,lsnoflI

-a, - n< r"
i.tuut(rv iu rilcn r:riiir i}.dgl: ctiatiu ( rnaependent events) 6fun1: 4.4 qsrftJulfi

x
uil.r'lril

llrruryr r:ninr:nrm.rarufuuffi rfluirt:cdorlu orruriros, iufi;luqsiorfoun'ir

a i finciarYuocr?inYunrrlilrqvri#ilu:rsi'luil'ln .r idrbunir r,o ir mnifi.r
{

40 u1

da.r
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fi2J&9,5 1uyl2'l rr xl' xZ' . . ., xn lljlJaf, l goAnll" tlj1lf, .!vl?nqn'lnnAfl'l'llJflnglA{

'lunrru:nrrsrux'rux1nf,n'fi?o.!oqntr'm4aqvrniuur rnrrrdrfirblorflro'n:criafiu as

aurrnirn:rni't"nTftrlilFo{rifi.,n'.raiin:tn.rnrrrn'nrrqnr:oi urilhrrnnr:#rriniorio.rliu

(successive) iauf,if,'urf (corretated) lcb.t'lii;nrflrrl6#1'.rurnlrnilu ,du,

lTI P (A.NB)
a<r { e r. r t

tn.:rvrnr:fi,irb rria$u1lrnrdu p(A) p (B)

i.if,fotif$ e.r n'rilunrifglu:rgi! (Annual Rainfarl) fi cott"g. station, Texas,
a"rnil rgrr n.! 1979 fumarag'lunr:rrfi e.r iwur:nrdanlufllm.ta1flrrr?o1

(rjme series) lfilhutnrlug# z.z (a) rrvrn:urjrtvti#orrr.lrfl n 'lui'ln r cc

idrfiourir :s ir u^,nn'ir qs ir uaddra{:;u'irr rs fi': l.r ir
'tfill1

oh1]'{axnn=1.979 -1911 +1= 69

+n.jf
u4 A fEtxtnltnrl R < 35.o u')

ad-
B fE rxFr lr0rvr R > 45.0 u?

o'rurubXsfoglud'l.rrucpr:oi A, nA = 23

riu aYnXmb gludr.: r urp r :ni B, n =19

fi.:fiu P (A)

P (B)

lngdlnr: e.3 02Tnj'lat r

2-4

B

23
@ o.333

o.275

dr {
R rR1agl8l21it 35 Un8 [5 RA

19

6
ux

P(35.0 <R < 45.0) = 1.0 -P(R < 35.0) -P(R> 45.0)

= 0.392

= 1.0 - 0.333 - 0.275
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Year l9l0 1920 1930 1940 l9s0 t950 1970

0
I
)
3

4

5

6
7

I
9

39.9
3l .0
42.3
42.1

4l.t
.28.7

16.8
34.1
56.4

3t.2
27.0
37.0
46.8
26.9
25.4
23.0
56.5
43.4
4t.3

48;l
44.t
42.8
48.4
34.2
32.4
46.4
38.9
37.t
50.6

44.8
34.0
45.6
37.3
43.7
4r.8
4t. t
3t.2
35.2
35.1

49.3
4.2
4t.7
30.8
53.6
34.5
50.3
43.E
2t.6
47.1

46.O

M.t
37.8
29.6
35. r
49.7
36.6
32.5
61.7
41.4

33.9
3t.7
31.5
59.6
50.5
38.6
43.4
28.7
32.0
5r.8

70

65

@

55

50

E45
c tlO
.9
E3s:F*
&25

m
l5

t0

5

0

10

65

60

55

50

E45
Eoo
E35
:$m
L25

20

l5

t0

5

0

I

I I

I I t l
ll il t lt It

I Y I
I

I ryl I
I

I I

I

t9rI 20 30 1050@
Ycar

(a) Anoual prccipitation.

70 t0 o 2 4 6 t I0 12 14 16

Numbc, of drt,
(,) Frcqucncy histogram.

o' "iL1Jvl_2.2 rlu:'luilil college station, To(aB 1911 - 1979 llsg Freguencl'

I

Histqram irdtrro-nrn r:fiuq'1u2u observati-, fotra'riraqilulrinvdr.l
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n?DB1illl 2.2 !0llJo21{ll:1n}x college station IUU Independent Prcceaa

( {. . {. ' u ...' d
r.rfiluTlMlR? ',]lJu1aY r UU?r?lUlVIAUn ?1 35.0 U? 2 U riff9ERU lrflCait |U?HU r fiUUn?1}JU1

rcriLinJ:crfiulftiunrufi&rf,yrrfro.rrunrr:nia-nb4ofl rsrr 6r rgzg 'lunr:r.rfi e.r

2EX1

tl1 c
t i Y eo-

lutitl49Ttl lM R < 35.0 u2 2 u nfft!

cmfimdr{fi a.r e rn . rs. o ir;
*rui'Ifi du: rufl rir.6o:cabrYrr

t P(R < ru.ofir) t

2-6

2

0. 132

0.333

P (c)

P (C )

(0.333)

0. l r 1

n

2

9
68

lrnYoln'lunr:T ,rfi e. r
.e d t<. e , X <.-wrto{n g nx ul'rrJu}rR1lr}Ufl21 35.0 u? 2 u rnnu

lrnliu:u?nXofi{xrn 5€
, -afl Rruur Trn'r rur, roueovu: v r it"lr'ir

c
n

' ir!
BlurI!. 0?urill;rilufrniu?fiQ'nlD{0fimdr.: (sanpre data) fi.:1ufirotir.rfi e.r

d r? .V ,,- , { r,.
Ung 2.2 tllufllltul:Ullalt?l1uu ttanY21frnirn12il"Bgnnntflu observations rD{frDUN

i.rioifi'r i6nr:urr,e"nniracriu#rr''irfrEnr:flnf,.rddunr:uanua{Rr1lnj1eurflu 1nr<,r"-

birity diBrribution runcrion) rYublnfimtir.r ufi16',nrrn:rurjrov riumt ruffr r:ni

fi b.,rn r : ornf .rrihn r:um rnlfi 'Ifi

z.? f,06*.,orrr,6'uurtY{6dun'lrrnjrqv uJu (Frequency and Probabilltv Punctloae)

lh obaervation" 'lufi'ndr.rin r:ttantta{ tdaul! ( rdenticalty distri-
buted ) {.:nrrunrfl'irurinvrirm.rfi'ladrrlhrrornn r:uqn tto.:nrnrtirrc rirdur fiE?tlu

rrdrrrlTn{nt){n1firflu;rr Hj.stosram or*6'1}i 1ru$ua:n{nruj.:dxrirdriu'tllfim.r

firrulru:urbmsnriurnru r d?,l (rntervars) fiuliururlqnrrnfibg'luurinedx ltnv

qn$ru#am:rluril (sar craptr) H.:unn.r'lug# z.z (b) lulBTJt6onrillnn?1rnrr1ir
' ''.. r 'j.m.rtirr a* fi'lU'lrnr:at1{ Hi"t"s.u. nrrlfilfirinnqarilrfiqsrin'tH utifln.riaiuru
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r ilqn l rnir i{u.! t€ luuin cd r.,rfi ruj., r io1fi n i 
" 
tog.". i p i rrfi s*oott

( . r j i, .' <,'lff n, luuaiu?u observations 1I].,,d'lil]1 i iili?.:X i &R'l0Htil1?1il
].

x.- AxI
LtnU x unv n riuoiuru observations #.:urlfl lsoiurnfirfi.t rftiunr rJ6'

L

ifuf,vrd 1n"r.tive frequency function ) f"(x) 1fi0-nOrnr:

n
].f (x. )

vt an'J'!Ju1a!

Itd R\t 2'l

( 2.6)

(2.9)

aI. n

i -' .1 ,
i.,n'rtJdlm't:x 2.1 nf6fl'] :ltJ'lftE{ p(x,- ax < x < x.)

2ulJ: tt:utiau x inro{r:m'jri (xr- Ax, xr) fi2 subscript e

1

r uuxn

f,.r r{ilufi m rir rniurrrllle^rnbxnf, Dil 1.r

,rsu rr dcrtr rE.: Rl lr fi &rfivrft r ririrn nrunlfi in drfl .r diun: trfi au ! (c u,ura-

tive frequency function) F"(x) :

1

E
j=t

(2.7)

i{nfE n1 l iu TU?E)\! P (x < x. )
-L

{.aa
xia t iun ?"tR?Tlu'tasl [lud!d! (cunurarive proba-

bility) ?Eil x.

fi.rdffilnrurfiltrfinduncfi.rdfunrrufiac$Jrf,uriru.!trmdr'! tl1 r, - - mc

a* - o fl.r r{liufr? ar d&fol6r 1: fi rs ax qcnntgrf,r prc,batirity density runction

r(x) flrriuqruo,rifirnnu:simr

f(x) f (x) (2.8)lim. g

fF (x. )€t .t- la

Ax- 0

uocf.!diunrrrrfi dvilrvnnlu riufl{dlfin r:aonrq{n?'trdlas rf,u t'(x)

F(x) lim F (x)

nro Ax

s

n+@

0l.llllJD (Derivative) Drl F(x)

Ax- 0

tl f) probability dersity function

d F (x)f(x) dx
(2.10)

(x. )
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druhrdr " *rruua'lfi r,rx) fo nrtrdrocriudcsr 912 p1x < x) ioo,

ln.: htegral ?,4.: probability density function lutixfi x 5 *S1rrr:n rilru'lugU

..- x
tnn.tU

x
T

"lur r :f, nhXof, m d r.: t tntrn r : rnn ue { nrJxqui l.: 6dufi t,, fu

P (X < x) F(x) f(u) du ( 2.11 )

TA u fE duruny variable ?Dl integral

af (x) $nlRlTJ0l{3ftu r (x)
6S

Probability density f (x)

2.3

4!u a
R2',t n6[lr]16

rn{H20d1{unsnltuanullR?ilillevriu F(x) uns

m {il ? ci m i0 1 a{n r ia.r'Ifi a glu gilrE.r ?',r a : fu uan'.r 1u g#

PGtt. I llrtdx

Sample Population

(ol R.lativ leqe.rc, lt tction (t l Pt&Uhty d.ntirt furittioi

(ri) lt{l

H

('

fttttl

0

lbl Ct utotiw t.q\.nq It c.io^ (c) Pnbani ,f dittibv,io, ttD.,io"

lt

I
I

I

I

0

0

G)4 fu)
I

E0r)

EG;-r)

- -fGr) dF(rl

0 rr -r :r

ti'i qFtl- F(,it

iln' a. r fl .r Ciunr rfi m r ilmdr.: un rfi .: 6iunr lnir ls r furn.'rrj : ri rn :

tAr
I

lr

-t
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F(x. ) - F(x

f(x)dx

r aa , i 'd:r.r lmiuirurdr(vnlrioatr.rfl.rrfiun?Tlfidysfiinu;udnlfirulUtrurir.,: (r) fl,:r{iu
, f .t r { d --nllurnralnirJrirlrriufigr.trrrrir'r i"; fio inliffnnlruryfim.rf.rlfiunrrln'dctsJ rfia

n + 6 t!8u ax + o probabitity density function dgUrar* (a) inrirm 'rdr:r

nlruJrfil (srope) mrflrdffirnr:uonuorfirir *'ln .r Intnr:niuzlrirnLrnqufrm.rfl.rr{

firiarnrfi&rf,vrrf i .l I lull ?1 j-ncrernental probabi lity f unction

P(x
J.

P(r-.- Ax < x < x.)1-t

f(x) dx
Ax

x.-AxI

x

f(x)dx

x.
T,

x.
!'

1

t

F(x. ) - F(x - Ax)
L

i-1

ruKru"r ptx. l'hirrlitrurfisuriufl.rridunruiHlfivrd r-t*. I druiuurinc *.-].sll

aud'u.r 1 :nuan 6{n? 1}r r r4l 1 g r a1 g ( F irness ) ?E{n 1 : ttan tr1 {frlh{nlfi
i-- t i - rJ

n?1u0s,l 116 n?fl nfi v!01 Bnv {R!ln "t?u1n[a{n?4,il'leu l iu,iufu riflultiii.r
r.!

r.rfllorr rus?.: o uns 1 aur.{1:irrflrila\rQTl dF(x) 'tdiii unc a* ini':urduriu?fi'u x

- Y dE(wl .t | -1 .ll
Hrtlu p rc,babiriry denBiry runcrion r(x) = tlx-l atifii?tr txl-' ttniavilri'l

aul:cu'irl o unv e a'nR2u&Jfiu6' dF(x) = r(x)dx audal r:nair.lrulll'ir ttxl
ritt deneity uio concentration ?D.! R!1t.ti1av I iu1ud2.: x unJ x + dx

<l{uuei{
?t r.ljulr I lllnunfo n 1l Llan ue.r uxJlfr i

I

Pr<>bability density f unction

(ttormal distributj.on)

f(x) 1---
-rTno

e:(p I

(2.12)

(2. 131
2(x u)

22d

lto ?or ll43 o ^loautl1:'lr r ml ?E{ri{ RIU

)

j
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tfin'rrun'ir

x

0.5

0.4

0.2

0.1

u 12.14')a

110 iE firruJ:ilnf,rurutnnlSlu ( standard nonnat variate)z

Probability dersity function tE.l z

t (z) (2.15)

irrut:fiulilnrdrml " rinrdon r(z) riL o vu' grJ :'r .: r vfir nr'r fi.: flni

_2
'-.*pt-+lta--.r.-''/E{-' z -

z

2.4

7

0.3
l -:tat=*,

-3.0 -2.0 -t.0
0

2
I -"'/,

z

0 r.0 2.0 3.0

2

tribution funetion )

F (z)

4 P rc.bability density function

uuJrllnrrl! (u = 0, o = 1)

frriun r:rtqn tto,,nlni:rLfi

fl.rt{irn r: rrcnm,rfnridrccr iuruJrnnfurrn:3ru ( standara ncrmar probabitity alis-

1

Ei
e du (2.16)

aa
t ltD u fD alr:rrurrr/ variabte toit integration il.rlridtir:orrrir1Hlruio'

Analyricar uria;r,r r'lfinn nr r',ud a.a r,tiail: ctt rolm f0in r:Ini1u r fiun (polyno-
,- !

rnial) ftt ltJU (atramwit.z and stegum, 1965)
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a21uil1rs r iudc(turD.!n iflran lla.rilfl iliT o?!iun1:1.114 2.2

r '00 .01 .02 .03 .ea .05 .0a .n .04 '09

e.0
0.1
0.2
0.3
0.4

0.5m
0.r39E
0.5793
0.6179
0.6554

0.6915
0.7231
0.759)
0.?8
0. 59

0.84t 3
0.t6a3
0.tta9
0.9032
0.9192

0.9332
0.941t2
0.955{
0.9641
0.9713

o.9172
0.9&ll
0.9t5r
0.9893
0.99rt

0.9938
0.9953
0.9965
o.w4
0.99

0.99t7
0.9990
0.9993
0.9995
0.9997

0.50lo
0.543t
0.5t32
0.6217
0.6591

0.ta3t
0.r65lt
0.1169
0.90{9
0.9m1

0.vJ45
0.94d)
0.9fi1
0.9f19
0.9719

0.50m
0.5478
0.5871
0.6255
0-562t

0.51m
0.55I7
0.591o
0.6293
0.6664

0.516()
0.5557
0-594t
0.633r
0.67m

0.5199
0.s596
0.59t7
0.6368
0.o

0.5319
0.5714
0.6t03
0.64t0
0.68{a

0.69tJ
0.112t
0.7u2
0.7939
0.82 r 2

0.til6l
0.t585
0.tttt
0.9066
0.n22

0.9357
0.9414
0.9573
0.9656
o.9126

0.t485
0.87{tr
0.tll(,,
0.90E2
0.92X

0.9370
o.94t4
0-95E2
0.x54
0.n32

0.9943
0.9957
0.996E
0.997'
0.99t3

0.7054
0.?3E9
0.7704
o.?995
0.8264

0.t50t
0.8729
0.t9l5
0.9099
0.925 t

0.93t2
0.9495
0.959r
0.96? I
0.973t

0.9793
0.9t3t
0-9t75
0.9901
o.9vt7

0.t53r
0.87a9
0.t94/r
0.9115
0.9265

0.939i1
0.9505
0.9599
0.967t
0.9114

0_5239
0.5635
0.6025
0.6405
o.6n2

0.7 r 23
0.7,6.1
o.na
0.m5t
0.1315

0.8554
0.t7r0
0.t962
0.9r31
0.9n9

0.9(5
0.9515
0.96m
0.9686
0.9?50

o.5219
0.5675
0.6064
0.6{43
0.610t

0.9949
0.9962
o.9972
o.9ct9
0.9985

0.99t9
o.992
0.9995
0.9996
0.9,97

0_?19
0_7517
0.7823
0.$06
0.t365

0.&,99
0-ttl0
0.t9,
0.9162
0.9306

0.q129
0.9535
0.9625
0.9699
0.976r

0.9 2
0.9854
0.fft?
0_9913
0.993,a

0.s359
0.J?5!
0,614t
0.6517
0.6t79

o.1IU
0.15,,9
0.?t52
0. 33
0.t389

0.t621
0.tt3o '
0.90rs
0.9177
0.9319

0.9a41
0.9545
0.9633
0.9705
0.n67

0.7
0,t
0.9

0.6050
0.1nt
0.761I
0.79r0
0.t rt5

0.7019
0.1!s7
o.1513
o.7xi7
0.t23r

0.rctt
0.11?.t
0.7134
0.8023
0.t2t9

0.7 t57
0.74t5
0.11y
0.to7t
0.t3il0

0.5
0.6

1.5
1.6

1.0
l.l
1,2
l3
1.4

o.Esn
0.tm
0.8980
0.9147
0.9n2

0.9ut
0.9525
0.96r6
0.9693
0.9?56

1,7
t.t
1,9

2.0
2.t

2.3
2.4

0.9??t
0.9826
0.9t64
0.9416
0.992)

0.97t]
0.9t30
0.9t6t
0.9t96
o.9922

0.97Et
0.9t34
0.987r
0.9901
0.9925

0.979t
0.9t42
0.9t78
0.9905
o.9029

0.9t03
0.9tr6
0.gtt r

0.9$9
0.993r

0.9t8
0.9850
0.9tt4
0.991r
o.9932

0.9tr7
0.9t57
0.98m
0.99r5
0.9936

2.6
2.7
2,1
2.9

o.qm
0.955
0.9966
0.9975
0.99&l

0.994t
0.9955
0.9xt7
0.9976
0.99t2

0.9045
0.9959
0.9969
0.9971
0.99t4

0.99{6
0.9960
0.91{'
0.9!rt
0.9984

0.99.t
0.9961
0.99? I
0.9979
0.99t5

0.95t
0-9963
0.9973
o.99fl)
0.99t6

0.9952
0.9964
o.qnl
0.99t1
0.9916

0.9990
0.9993
0.9995
0.9997
0.999E

3.0
3.1
3.2
3.3
3.4

0.9987
0.9991
o.qr93
o.vr95
0-99q7

0.99t7
0.999r
0.9994
0.9995
0.9991

0.9988
0.9991
0.999t
0.9996
0.9991

0.99t8
0.y992
0.999.
0.9996
0.9997

0.99t9
0.9v2
0.999a
0.9996
0.99D7

0.99t9
0.9992
0_999.
0.9996
o.99n

0.9990
0.9993
0.9995
0.9996
o.9991

Soort : Grrllt. E. L.. ud n. S. lsvcn*onh, S,,ltini.al Qt/,,tiD otd Co,tol, Trbh A, p.643, Mccnw.
Hill. Ncs Yo.t, 1972. U!.d eirh Fnisio-

r)
To cmploy tIE ublr fd , <0.u$
F'(r). | - 4(hl)
rdE(. 4(lrl) ia rh! trbul.Ed vdoa.

l-' -l
0
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!r,*o.rssasalrl o.'rtsrsel"l 2*
0. 000344 l"l 3

B +

+ o.otssztlzlal-a

rfia l"l forirclg:d ( absorute vatue) tE.t

rrn vn r r tten rra {un iu r n :5 ru

z

(2. 17 al

(2.17b)

(2.17c1

3

F lz) B Hr z<o
r -B fir zz 0

n?DH'1.t?l 2

? 614'l

R?'Hrn'rRr #armil F(z) fin'ru:ormomr: 2. 12 ithfiaun'ir o. oooe5

e.i-.3 1{}r',t lan 1(R?1lru',lAS Ilrurtl?rrulI ta ulflJ1nll'Iu z

ar I a .l
e8lflallnn?1 -2 tl0!lI)gn?1 rllalvlnu 1 xl0. p(-2 <z < 1 I

PQ 3 -2)

aTrrfinlr 2.1?a

B

o.o23

F(-2)

tra l"l l-21 = 2

] rr * 0.196854 x 2 + o.1151g\ * 1Z)2 + o.OOO344, (2)3

+ o.o1g5?? , 1e;At 
-4

aTr !0r1)11 2. 17b

F(_2) = B= 0.023

P(z Sl) = F(1)

1Tl t{,m "D 2.17a

B ]tr * o.ol 958s4 x 1+ 0.1151 94 x (1)

+ O. o'19527 x (t)41-4

2 + 0.000344 x (1)

0.159



cr!fuflrrfi e. tZc

F(1) = 1-B

P(-2<z<1)

2-13

1 - 0.r59

F( 1) - F(-2)

0.841 - 0. 023

0.81 I

0. 841

2.3 tr1:1ll

t-aa{<t
1flQlJ:v(.,! n?D.r ?r1(nnfEn 1:fl{ r 0'l ?J1?t{1?tf1fu (Essential information)

ir|ln{E{nfi ?ad1{ ilian lrn qnfir r n#n'liurr.olnrlfi rinrqnf, rr nl#oiurubu r aii
in firrn#o'rur,'ur-nhl#{ccrsn'rq&fo'bn#drtnJm.rh{n sirunr:ru'rmr'r1.rdd'Ain

^iflxmtn !?a{u I if,1fl I r !'lJ r ltai o [usJu1?x 2.13
-ta< |'ll 1rl I m lx1.r6nnfu rir expected varue t e l m.:fl .: diUrnlfi ruJ :rtzurbl

. ...l' i. e o'rr
?r't:1tl $D:'1{lHr{RRa mean u fl$Fn expecred varue rnlfi:tuJ:rt:uriautjut a.,t

ef'rrrfufirru.l:rrru6l , mea uio E(x) iEflnefltEit x rra! prcbabitity density

f (x) rtH? intesrate'ludr.:rirfirflu1u1]ha.rf,rru]:n:urbl,

E(x ) x f (x) dx ( 2. 181

r rnfvrr.rrGfi (statiaticar p ar ameters )

p

E (x ) fu fu r lur6'ulluni'.r :ar.,1mh rim.rfi ':rut :u:urbr r ilurirduaa.r lnriins'r.r (Mid

point) r.rio rrUllfu{1n#r#tn tl 1cort."] tendency) lE.tn't l!!an trt ir

dru::rumro.: mean l-nfimtit.:fo rirro*t (averase) i rn.:bXnfiradr.t

n
t

i=1
x 1

n
x,I

(2-19)

-taa'f,frif,']}!:U?t1l'lll I mlD.llJ:!!m: untfilflnnaTl n20u1il t{ I rJUa'}U 1:r.! TlllD il

rT :"fi rrof 111*a.tl'l'lunr:rvi a.r

n21rlrujflJt2u (var:.ari:.ity) ?E{?E{nas $f{n.: fi:uri1tr'l r :Iuut (variance)
) 4."a- !{flfa tlt tJUfiOUtllJ 2 IAU mean
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n1r1 {fl a. 3 il1 r li r rD f?E.uJ ruiln ?lrnvri1d6fu .'n flmtir.r

Popolslion prnmctcr Ssrnple strtistic

Midpoin

Arithmctic mcan

L
Median

r such hal F(x) = 9.5 soth-Frccnrilc value of data

p= E(n- xlk) dx r I,,n

Geomcbic mcan

antitog lE(log .t)]

2. Variability

Variancc

o2 = El$- tr)21

Standard dcviation

a = lEl(, - p)21) u2

Cocflicicnt of variation

Cv= !
lL

3. Symnztry

Cocfficicnt of skewness

s2= !G,-,)'

IF,
lt,

n- I

[+ )t*, -D'
v2

cv= +r

Et(r - ,r)r]7= d

z)cr -i)3
c (a-l)(n-f;5r

I
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.f (x - p1 2
E[ (x - u) I =o f(x) dx (2.20)

(2.21)2

rifl :vunr,m.:*'tr :Hsud om fi mdr{lsniu?o'lfi artts{fl :

n
E

i=1
(x

I

C,.0
TSltull(,

F6lriY.ly

/*,"o
.kcwcdi
c,< 0

.Lcr,a4
c,> o

.f (x - u)

2s x

nr:'lUfirur: n-r rru n r*1firu.ihirrirnfificmfirad'l.triuutru unbia'ed

"'- i o, r t .rr.. i ?
t.: l nu r oflutcuR'l tlt1f,ufl11tn tt? I :![.lgtltJ9ttllu tx]-

I o ira:,,niao.,rrn:urriEuJ

riufirinnrtrruJ:u::ulfirduriuniu ruiiiirf,ri x n?anf1futn.rdruri'u.:ruu..rn:5ar

ruan.r l'l'lug# a. 5 ( a ) ul.r u{ru, il.,, rra r rr:5 n or'dtr rn d.uilfi bXofin r :n : sr tu'n ;u

n-1

p
u

(o) Sordrrd dcvhlk,l q

T
,

(D) CctfEiar of 3trwtEs O

:!i-.. s Ham.r d ru r i'rr.: r uur 1 nrl lurn v&ru : livrfnr rr,in r iu r fu

Prcbability density function

io rufifi'lUtnnrfl $iril??ufi lul

ifi irdrlmu:arr!40 ;
r t ds!

R2'l UnlUE? (skewness) tUUf, ?1ffR211 sjzlunetry lE{n1tBafl tt({lou
o'rr - .J
I{nfB [lllrJUrm 3 l01J mean

,o
fll Co€fficienL of variation CV =:

u

meain

E[ (x - u)
3

-a

3 f (x) dx ( 2. 221l



ni ske,^,n"s" cc riilrirl5n'i i.rurlfiIm:n r:u'lt$n'u z. zz 61u

i'.r tiritf iomnr :rirojor *ior it ? (coerr ic ie.nt or sks,ness ) r :

{rr*-ulo

n
ntr

i=1

2-16

3

-?(x. - x) -
a

3o

{
R1lJ tC I XUa.[.l nmu lit@it 1 m

1

s

(2.23)

(2.24)

(2. 25)

c
3(n-0(n-2) e

T:A
n

(X x
i=1

n
) +2 ( E x232

3

nn
E x)( X x

i=1 i=l
3n )-3n(

ca n ( n-l ) (n-2) a

fi.,rufn.r'lu3Ufi 2.5 (b) thtiu positive skewneas (r > o) bXnov

rfiu?'hfli.icrrfio {ltnn.r'irn'taXafiri'ritrrnagluqnlnXnruiiaiurulilrlrn firrilt, N"s.-

tive skeri'nesa (r < o) Iorynovriurluvrr.rdro firlnXderuinrilurvr'rriuin iEfi

[rXninriri",rrn'r rJrogfirufi.ruIovu'liurulrhrn uniolfirfinnmtir.:drfu6rirrofiuur.r

nftnrron:' (Arithdnatic mean) fi'n'ru tr,fi rs sfin r I a, rg ;rfi',rulr*'lrrflficer.tral
<r,i..'

rendency RB media$ ?ttofi1t qfux1{ t r!1rfrfl nlrfrudnl1l'lun1:1.!fi 2.3

{.
nmUl{}t 2.4 a.lfnUTI Sample nean, sarp}e

coefficient of skeuneas rn.rYolndU:rgi i
!r

19zo 6{ 1929 nafiu{n{111iln1i1.:fi 2.1

Btandard deviation tlst. Sample

college Station, Texas iTli

n.r'luda$ e m.,:
<lra<4

r ?Eiun"rilul lu ?a!u 1970 oit 1979 aTt n1?1it?l 2.1

o1:'t\t?l 2.4
d

?l'l mean a^n$n'll?l 2.19

I
nx

1

n
f,

i=1

?6vt1



401.7
10

= 401-1?

nmirllm mean unnifilM{

t'tnts'rlJ aTt[n1l 2.21

n
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a. 4 nT rfinfll 6ftn1:uanua.rfli1ilil1rc riu

(F itting P rc,babi lity Distribution Func tion )

n'l:uanui{n?Tlirqcriu riufi.if{dufi'r,an.r6{n1uilrrcrflu?Elnr:rn"nrirrir.r.r

sorfiruil:u:urbr Imrn r:fufl1ddun rr uon uo$'r..,-{nbXn4rn intrr dr:s{r: rfiu?fiu1an rt
nrnlirlstfiieirl 1'lufimdr{ ovnntlpublfirufiorio..rfl.rdfdlrnsy{r:rirrDfto.lf,',rr{liu

rilrfiu nr:flrrfl.'rdiunrtuqnul,,rlcviilfilftliSlurrluif (Method or mornenrs) utai6

Max imur likelihood

.<-
2.4 -1 ?D tllrllun

;:;."", lfifonnio'Ir.t lu#-1,r1 o. n., g o, Intm r:fu r:ruljrrir
.ad . a I d{ ra

:J:v r llufrfrrnrm:rn r cuirnrnr: uon uo.:Rrurirlc riJuFEfiri.,rri'1fifur r'udm.: prcbabiri-

ty density function :auomirinuirn"ullruudHmairrsa.lbXnfimdr.l nrufiudnlll

n trnn cfi rrr'rir r vidun? u6'fu f,vrb/

?Er:01?ln'n ( 1/n) rrnvflrlfi'ir:suuio.: maases lrfl:au,ornitia x = o furuffi' r

{l
?E{ x. :auJnflirinlvfirirrrinluutrttto.,rlutttud r, 1nfiru .."" 1 un!Hol1u?o.:1uIuud

1'
?E.t lE{Smn2lCllflll Vl'lnU sdrp.le mean

n
E

i=1

n
,

i=1

i ,t
.:R'luig equivalent nU centroid of prcb€bitity density function

x.
l-

n x
l-

x1
n

u .f x f (x) dx ( 2.26)

<u-A-',.,.-[lj}liua.: 
r t[u ?]u lilriluffli z uflcr 3 tE{n't t lran rn { R? 1ru1as r Ura&flTJl l0

allilfi r rirfiudrfirndr':tol fi radrl r ior rdtn:rfi r no fmrn r : um uarnr ruiroc r flu
.,i .,1 .. ,. e .

ria t iru:n p 
"ar"*,f, 

e lroluri r f,u.,rlrt t uudmultni r in uddorrfi sr'lt
U ..- .< . 2 ')

urriuud xialilrrugrli 2 tBU.a n{uiin n 1.: f = Et (x - u)'l ms coef f icient of
122

skeryness lifti standardized third centraf mdnent 1 = E[ (x - t)')/ o'
<t . .., irfuurtr:riirmifiri e unv 3 to{n1t!nnr!e.r firh.nr:
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,l = lr\r)dx (firtr momcnr abour lbc origin)

/(r) dr = "mxs"

t

(a) hobobiliry dcnsily funcrion.

LG)

{xt (fusr moncnr rbou rhc oridn)

"rrlass'$

l-r; 
-lMortcr rrm

O) Sample dau

2.6 n r :'lHi61l r luil'lru r':x'lfi'lr1 : 1i r n0 {?o.': p rc,babu i ty
!r

denoity runcrion t fia'lfilxtxud?n.,:f,.rriiur ilrfiutu r uuri

m.rbrJnnDH1.t

firotir.rn' 4.5 n1l[anueitlr.JlJ Exponentiar a-at r:o'Ifi1m rmBuruhXqrn inu1gi']n ,
lfirriu luuc r ?at? fl'j1in 1: tn ?anilurrgincR{l ( rnteranivar. times of rainfat}

evEnt8) Prcbability dersity function l8itn'l?UanttAituru exponentia]. iE

f(x) = tr.-r*drr.riu x> o e.[,r'tn?1udlrfir6:vy'jrurr:rirmf r unvlltlru# r

l-r +l
\ ro,,.n, "r-

x :

t

r

ne

m!.arnirin u

'lUrunr:fi' 2-26

p t

?6vr1

E(x) x f (x) dx
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.f * r e-r* d*
0

Ifttn t: int"grate by part a!'Ifi

u

rr{
tul lolJ 1

l,
run c riril r cxTlr m iim ti r.,r m.:I

1r
I foE

1Ol1! l?1ll Exponential probability density function f (x) =Ie -Ix $nv

impu.l.se response funct.ion ?E 'l linear reservoir ,,r, = i .-'l* tiufl{ ddu

u 'l -ZtngmlJ fi"| x= 1 ttBJ I =*- n,.}llllguaglla 1:01'l ?'ln 1:ltan ttQl UJU exponential

6lx't?nofiJ1Efi.llon rt(nrtnjrqv rf,um{ norails rime mnfi'r'iu rinear reaervoir

2 4 2 2D Maximum Likelihood

L

P j.sher, R.A. ( 1922) 1f,huri6 nax imuh literinooa frur Im1fi
. .rri d.

rxqfln'i1ri'lx'r:lireD5r;ii{n?E{n'ltumue{R?flrj1ocr[,u;Erirf,{qcvi'Ifi rit"rinooa
a . d, .i .ytA joint probability tE\, t gnllol?O{ obaerved sample In'l:JTlylt{i l n?"ll[Jil

lr
sanpre space aan ti!d?{ ,r uinvdr.:nlr.{ dx rrsuf,?adr.ri.:n'dr xt , x2, . . . ,xn
o.. .u (yl[nl1n sample space Rlnnl2slmlog luuuru independent and identically dis-

tributed fi1 probability density m\: x = *, fn f t*. t lnvn21xillrv tiufi'fi?

ruil:trrutioxasfidr'lu intervar {'or*60 *, in r(*.) a* rdo.rlrnbunrf,uufl6d2s
}I

l{lDfllt joiat probability lE il lxgF ltrua'n$Jnll 2,5 foflaflu?B.t f (x, )dx f (xr)dx
n.

.... f(x ) dx = t tt f(x.)l dxn tfE interval size ax ifirn{fin-l a=l

'Ifl r, iofur{f,u Liketihood

n
I

i=1
f(x (2.27)

L

lua.! aTr probability deneity function dru'lur! riu exponent.ial Q.t

Iog-likelihood functiontsn2nn irfiqv'lU

lnL
n
E

i=1
In I f(x.) ]

I.
(2.28)

)
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fimtir.,rlr' a.o r rnr:vu'ir,un r:rn mllufu 2.40, \.al5, o.?2, 13.32,

i-3? ilrfi'jr r rnr:w"jr.tnr:m Dtcul'nlruan trlituJ! exponenriar

r ml rurur r:H.:nrir': 1ru1ili6 maximum rikelihood

2E?r',r

drntudr * ini}lUA'Ifi er(ponential probability density iD

e lr .
01 tn L In1lmllf,R

( In L)

I

-lx
L

n
X ln (le

i=1
-Ix i)

i=1
_ r*i )

n
n lnl -l I x

i=1

n
E

i=1

3.55 mv

a{u11{']l1lJr m

0

nYufi n"ru m,1fi orn i6Iu r uud

I

aTl6 nll 2.28 fi{ diu lcg-Iikelihood b

n
t In I f(x.) ]

i=l r

J.

f (x. ) I6
I

InL

n
E (ln l

L

x,
].

n
T

0
AI

1

i

ri'nJ: srr ruq.fi firari1.r ?D.r r

n

l-
1
n

1

x

Xx
i=1

1
rt

ul:oluas t14

x (2.4O + 4.25 + 0.77 + 13.22 + 3.55 + 1.37)/6

25. 56
6

4.2A ?U
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n
IE x

i='l .1

1mI 0.234 11J ',

fi rir r fiu#.l r iulonivu#oi r iudrr lua 2

ar-
fl'] maxinul

lra I o.n4 vil-1 drfr.rr{hr ros-rike}ihood fE

(rn r.)

lnL n lnI

li2J 1ti r n = -nI

6 In (0.234) - 0.234 x 25.56

- 14-7

:1M 2-7 rudn':fi.:nr:ril6uu$Jn.if,{dhJ los-tikerihood riurir r {
o-1 i - ..I = 0.234 'ltl nalm'lltEj?6 Analytical

a
rrfiRitRlImrs{RI rt)
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-r4.t
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-lJ,t
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Muimum /l r 6 tn 1- 25.6I
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c$rhrlt
of I I.0.234
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I (&y!-r)

.7 f;{ddu rog-rr*erihood druhtn r:rton rtq{t[J1J exponenti.al
!

'iunr:r'rfi e.5

2

10 maximun likelihood r iui iinn "ro.rfi r nn rru rrui'lm'r rfl nfi r rffm r : rron

t.,u i4 I

rue.:fl21 1avIi]ut-tlo1a r]rrlvi6ias'1firilur:1tr?B..rx'nu'rsnSinr'u:vivrBn'rr,rurnfiqn

ura rrR1fl1r'rJ r eDl?E.rurJEm:fifinrufinm rnr qdufiouvt'An rpidrr iun r:tton rtq{orTJ
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ilro; r irarr.r rgultlr,ini ma.tyttcal aorurj.on dryhnnnnr:tr'r m {'lutrtJto.t eampre

statistics uilsurftdd! tog tikelihoodirirlrnfrCnlfiImriin,-"ti.c"r ir
atttbu-fl1'ruin Irufir r lUiGIutuur{nc'lUlfiirun'iriE,n"*t,nuln rikerihood rtflg

nnrr#o;'li'hn r:ir n:r#urlqrn inurllunrw6f,fi

2.4.3 nl? ndau Goodness of Fit

Goodness of Fit ?E.rfl'l flran tn.tn21lr!i1as r iunln:nrnthUlfilntnrr:
.< d ' - r,j .,1- -rlitrurfruurirnlnrrpfirir.iriro'infiraurrm.rf,.:niunruri&rtud riofi.rrif,r.rnrtrn'rlr*u

n:6v''1Ufi.:riiunrlrfiilrf,vrrfrc'l[ x2 test rirfirarir.:mlr,rnr6fofinrfmrrir.r i iE
n

I unsfllranilqBAfE p(x.) = F(x.) - F(x._r) draiim.r 1 test fO2

c
xf

n1a

)
cx

2
m

x
i=1

nlf (x.)
8l- - p(x.))

x
2
c n(x, )

-Yn\llJlr

(2.29)

-ria.=oiurudr.r

n.
I

nf x liurutrnrr:rflud'l.r Ia J-

np(x. ) = er(pected number ?Eit llrsl r:fi'ludX i

rrfifici.t#riarnrir.r :tu'jr.: observed tlnv ejpected number

x1?lhUfil expected nunber @it rr4[f,i r rrflurilr i
c
2

x

!a{ Ix4n T rnf,,nnif,{ m.t

unc i..r r an rfff, r6'm.rvp d r.r r [rfi ruirr

'lurr:'lS y2 teet ocfia'wi:rufi.,:rftilnil.ranua{a?'r}Jil'rauiu?o,: x2

rfilhnr:umuo.tml x2 i'.ti , degree of freedqn funr:u'lntrl.:

?E.l li6[J?n ?E{nif,,,tgbl fia.t v independent standard normat randdn variables zi

ilenurnf, ,,:nrir z6of, rru.l:u:urbl

2
xv zE

i=1

2

L
(2.30)
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:vH'unrrrrdoil (conridence levet) duhnrr:nnffiuio r-o ri'o " in :cinil
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n1:1.lVl 2.5 n'l:ttAn tln\, x- yl degree of freedom 911.1 'l (Edwards, A.L. , 1975)
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0.130 + 0.203

0.333

n r rfuf.:r{irn r: $an [aitulJliln friuflu:1uil; cor rese starion, re:aa
!.{

1911 - 1979 (nmu1{x 2.7 )

n1f 1it?l 2.5

Column: I 2 3 I 56 1 t
lntcrval Rrnge
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Iu:nt{rrnnir r"rxnl u'rirrvirfi'r.r p tx s rr.o ir) 'lufiutir.rfi' r

lurr:f,nfrddun't:uanua{iln;ifiuhts ot"lUafifiq-flYnln i = 39.77 12

uns s = 9.12 i? r iurirrj:sur0r?8..r u ufis o rH iniu2orilfirrul:rin il.r rn:5ru ,
E.rinaifitilu?o.:bXa'luuin:dr.r i Irnr'ltmrnr,r e. rr, fi.rutn.r'ludo.: 5

rdu I 4

xz v

35.0 -_39.77
9.17

a

= - 0. 520

'.1f{ilfif!fl 2 ]IU1AS tilU.Jn ndCdlJ (C trr.ulative normat probabj. I i ty f unc -
r.icn) ?E\: z rr'lllomsrnr 1 z.1Z vianlrllfi' a.a i.:firlrrilnYr, 0.301 nrifi'tKn.!

I
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lnua{mr: e. re

rdu i

2-27

69(0.20290 - O.15777)

fi'l incremental probability f unction OSniU?&lfi

p( *i* )

F(35) - F(30)

0.301 - 0.144

0. 158

fl1 p(x I drr,ril i a'uniunuuncu<nr'ltl'luda.r z ro.:m:rrfi a.6

4

p(30<xSiSir)

'lugrtii

(.)
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nfianfi,ldflunrlrfil0rfiyrrf r (x.) uas p(x.) arln'u1.rvd 2.6
8I'I

1upfi e.a

uncdafifi.rdliunrt,finsfluncfl.:dli*',ruonuo.,,o,rlrirlcriu F"(x.) !l6rv F(x)

2.8 (b)

druTu I.

L

4

lrnn r':fi'3u dr.r mq1 ddufu a fi &rm c r riaufi uilT fi .r u*n.,r1ug# e. a

rudRl'jm r : urn uo.riln F,f, rfiula4nlu: ruii*i rn

titn:rocou cocdn€gs or rit qtRiuttrir*fifi x2 t""t lRa'lilrqnr:

4

2ntf (x
s ) - p(x )l 2

4

4
0.15777

0. 891

nrfirmmll'ludo.r a mrnr:rrfi a.5 era:l.rro.rrir'luda,{fi e fu 2
x.c

p(x

aro',r",lfi .., drnlunrnnirocrir.rcaur?irtlu r- c = 0.95?.377 R',t xv,1-a
!!ng degree of freedom v= n-p-1 = 10-2-1 = 7 h *l ,o.rU ='rU., ,dUoO,

22<u!rl
*1 . 1,o.gs 6luauir nurl hyporhesi" fi:chrnrrrrioftr gr I uns(fl1H'j1

nrruqnulqJni,finf,uloX*tu:ruiii 
"orr"s" 

sEation firnrruonu-nrlrifld'uhXn rir
) 4t , X i "Ef"(x.) llnu p(x.) lvnlnnutJ.m mv}t9lovr1'tfl x- lJt'l!Trn1'l 1l+-1 u2 t{nlnua8

U$ t e(a nulr hypothesis
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<20 25 30 35 10 45 50 55 60 >65

AI|Ilud FlEipir.tn (in!

! Srrnplc./,(x;) E Fill.d,plri)

(r) Rcl.riv. fn4ucncy fumtioo.

No.nd di{ribudoi
PithF=39.??.o=9.l?

E 0.16

€ o.rz

€ o.or

ts

I

IJ

o.04

0.00

t.0

0.9

0.t
0.?

0.6

0.5

0.,r

0.3

o.2

0.1

0.0
20 25 30 35 40 45 50 J5

Annull Frcipiurion (in)

. sropl.,4,(ri) - FiI.d.F(r,)
(b) Cunul.rivc f.r4ucrry furctkn.

60 >65

lun 2.8

2.5

r-<qu<a
I{il fllun? lU n tE.ln 1:ttlnttQ.tunn n t'flutlul lUU?i College Station, To(as

4
( n?0u'].rvr 2.7 )

rd
flldilrn r: uonur{n?rttil'rlc rilud1il lufirruj ril'lnom'111tJ1

'lufi rh a. r* lHunn.,:n r :'IUfl.:df,rn r': uln uoqlni rfea'zururtu:rui#

collese starion, r"r."" d.rfirr!['ir'luhratirln rruon uq.iln if,rfiuhilni udloXam.:

firru.trrr.rqroinurolu i arl1ilrfir.rdufiu 'lufirIofilslfneurufi{iGnr:rfiDflfiofrJ*r,

ruonuolR:udrar,idtl'irt. r lrt*inSufirruJ:rir.:qrnivrur uncHmdr.,fi?tuj:siinrir.r.l

ildu r:n'lUlftYunr: uon uq.! ruflrir.t I nr:rlfi e.z lHsl prc,babil iry density

funcrion uasdrifir?8.,!iru:m..rn1luanut{rrinciinunvnrnl:rriunr:rl'rsEf?o.!nit

unn uq.,r o m Tr r lugi:o,,r fimdr.r

I
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f,r'1:'t{x 2.7
rd

f,.rdiun r :umut.rRrruirlv riludruiulnhilsmr{am inur

Dktrlbollod Prob.blftt dcdly fulrdtoo R[sc

Equ.tlorB for panmct rt
h tcnlr of thc trmplc
lrorn.trt!

Non l

Lognorrtul

ErporEnri.l

C.ttut|a

Errson TyF lll
Ollrt. F r.t r
t mtrr)

L,ot tl.lor
TyF III

ErU!.rE VrlE
TyF I

rar= -!*p(
o '12'n \

-(r) = a.*p
ro,J2t

wttc'tt, = lo8 r

IQ) = l.-b

ItiD't c'"
./(,) = 16-

(r - p)2

za

0 - p")2

24 P!=!,or=tt

u=i-O.5772a

-@=rs,, lt=i,ot=sl

,r>0

rz 0

,> 0

r>c

log r > €

vhc.rf-ttrrmafunctirxl

whc& y = lot r

- t (r- c)P-1.-{F.)/(, = ----R 
)

^,,= 
vr#;v!

r=l
1

,
si

'=i=#
l=+

,tp

e=r-tr,,lF

^= 
+,
,tp

p=
lutol'

,=j-trJF
(.rsul'int Cr(r) il podirivc)

G',
7t

u=(i,)'

.f(r) = f .*p
ot

(-?)l,-u
- --:- - arP

d

?.5.1 n'ltttlnttl.lmA (Normal distribution )

n1:uanuaifllniln'Re'f,I centrat Linir rheorern fl.rndrTir llt e.-

quence ?[t,,! H?$l f tllutbI x. t f,lJrtu:l inaependent and identicatly distributed
n

t.tn' ."un u rravurr iuud o2 nt:rnnuo.t?EnfimJtn?Er: n firul:u:urbl " = i *.
-a sr, { i. x . c I i=l r
a8tJttul llJlitulnllUantle{Unft t.tlJ rnean nu LtBCrt?r tUUr, n o' r}ia n !fllllT)

imilryiothnrrufi.rneirrocrflulirlri'jrfr.:6iinr:uanlra.rR?Tnj1acrium.,! x arriroslt
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uY ' t - ln i + .1 .
fl{uun'l I tlafl tta{R?1!u11y trjumi sdnDle nean x =: E *i ac t r]trulrJLln n i.,lx

- 2 ni=l
mean r rnsu?riuu{ } lrarl:v!rn 'triirnr:ltqntlt.!?o., x lcrfil€cl: fi2luj?qvn

ivrur rdu ilu:rui 6,,:n'1urramflffu?nralrupr:rff'rir.,6'rrsl.rolu i ril?n1:niayiuui

Iir.rfil;fin'r:umue.lrrruunii ?nrifi'nfifrfurn.!n1:urnua{Unfiurr:oi'urEfi'truirqmirrrn

fu fi :ru.t :tur'rirfiuu]ragludt.t -- fi .: - ttdfi rul :qrrn iyur darlnqj-,vhin'r| rilrim tn r

{n q'ifir rn'H?Yrrn1: symmetry t01J nean f,.rtaXnvrr,.rqrn ivrurin ovr]n r iluT

2. 5.2 nltUAnlllilIUJU Lognc,rmal

ilrfirrul:u:urial v = tog x irnrrumuqlrumlnfi x lcin r:!ran uq.,, r[ru

Lcgnc.rmar chc,r, (195t) 'lfirunan'ir n1:Bmr!a.:[1J1] Lcsncrmar lrlr:n'1fi1]fiufiruJ:

4mihurfi'rimtnngomlfirrnl:olu .t rr:rc'irfir x = xix2x3
nn

X = X Iq X. = X Y.n--r1l=l J-=l

x ttng Y
n

Y QiII= Iq X = log X1X2X3

n1rrranua{uJujnAltEiilrcr1oi ria n inrurn ms x. riuruJ'u independenr andI

identically distributed lIdin r:'lUn r: rrm lti itluJlJ Lognormal a6uru6,,:n r:ttmtto.,l

?A{ Hydraulic conductivity lUidqnp (Freeze, 1975) trnCn 1l tlafl lta { ?Er.: ?U'lfl

rinlumltrq uavfirtuJqmiwr.ul,, n',ru*ueitlrr Losnc.rm.r i{oirufunr:uqn

un I ru.nntn fiin x > o ttBU rcg transformation irru:Ifirifiocnn poaitive akew-

n""" i{rJnioc urdro .t 'luYoXntrrqrnintn til:rc'imr: rake logarithmo esflR

rirmrrirurn riul{nd,tuiirrnn'irn r:nnrirtn.rrlrbu lD q'Tir m.rn'rt uan u,tit uuu r.osncrmar

1e Il
Feitrrrr:uon rtt.tii! 2 il1:'lii[ roi Losarithms tn{bilnb.: sym:retry tEU mean

2.5.3 n1l ltan ltl it llljl.i onential

ulit sequences m{ lfifln 1:0i11nqrn inurr du n 1t rn'rilrau t f,u'lufl1r

poi6aon procesaes i.r r nprr:oirn'nrio r fu.,rrYu'[r.tuov r iro'e:surifru'luutinc ! ?n lrrncdnlui
t t '{ 'r ?BltV,1?1{ tl1fri 1l0lt4io interaEival time agoriulHlilfrJn 1:[1n !l1.:Uru exponen-

.i< rt -tial t illlt{1l1tJ t tE I I tlru mean rate ?O.tn'l?lnOlXqn'lllll rhtnl:lllntta\:ttljlJ er(-
...^ponential qv'lio;U1U interarival time ?Dil random shock frrn'nlu:wuQrnimrf

rdu nr:lunrn,lfrffiunirun.:'luruifiri.,:rn'nn"innrrfiilunltln*HQxrA?fiu bim{nr:uqatra.r
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utru exponenti.r for.t:cr iutir r lfiiruornhXnfiadr.r unsn 1t[an tla{tuJU exponen-

tial r rurtdryYunf :frrUr'lUr i.:uqu!'r dlJ probability model rD.l linear reser-
.1,invoir (l = * rn=a k FE storqe conatant 'lu linuar reservoir) brdflfionr:'l(

rn'nurin;rugrr:nlh.rri6tt:cqmrupr:o6u.r i{aroocriuruli5rufi'lritrirr.rprnfrr
{ri--.

drv iuur'rn :rur du n'r:tffiuf,2tnl front lvri'lfirn'rutulu?lJ (shcnrers) tlnctilu

,""" io r fE fi?Nr[:u
, i dr .l

mlJUlAJXtC a lfunl'lilfl (xavvaa and DelLeur 1981 , waynire and Gupta 1981 )

2.5.4 nlrltAnUa{rtlJlJtUl}I'l (carmra)

r rordUUdrr.rhriuiu B rxnn'trrdrsrn'n'lu poi""*, proceas es

afuru'lilInu'l[nl?ranBanluruun&ilr irfifianr:uanlral?D{flnu?nrE.r B firuJ:u:urbl

t!.JU independent and identically exponentially distributed n1:llmUA{UJU

,. . . i { { .i ..
lulXllltJllljultE lln 1? ltlJ lrlu?ll lU I luu[filJAU probability density function 1 'l ltl

fi'uanrlugrtni z. r unsftJ : slufifl rrr i i0 ;uru fi ?uu ?qrn iils rdin r fi E rI mtjri r f,uh.rlU

rog rransformation rdu 1hBurgn r?l.t1nul{tE{R?1}l6nelUm.:mg n1?[lnrr1.{lrlJu

ttnlJ l[nU?nU g amna function i.rnrlun.ir r(B) = (B-1 )l = (B-1)(O-,J-.. 3-2-1
<d . a

drui:.rrir e frriluaiurlriruum rrnu1nufi? i 'hl

g-1 -u -edu (2. 31 )

(Abramowitz and stegun, 1965) n 1?!ran rr1\trt1ruu]dru'il a fllrTllmi (B unc l)
iinrirl'mir.rfi o i.ur'YDrds'lm'rflitJ'ltrluf,?uJ:arninsrfiiiiariilndrurnn'ir o

2.5.5 n1lllanU,Ql,Ulru P ea-r'son Type III

n1:rtanBl{rrUU p earaon Type 1rr. ura r t{Unlh<nadf .{Ii.,r'if nr:lrcn
t < i . t. i { < .s | .atla.rturuunun UJU 3 1i1:',u!m5 lrEt&x1l1r r noin2y 3 m rinain-fla1\r e nTJid

afltlUti sampte mqnents fr.1 f Hf (mean, standard duration !!Ag coefficient

of skewness) dlrr:nfi'lc'lUutn:ri r no { r, B ttnc E ?o{n 1:uan[a{lfi n1rlran
!<i

$a.lullff?'l&m8{fi2&'lft IUnUU:Uf,1tJ t, g rtf,t e (eobee and Robit.aill e 1977)

.fuT(B )
o
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{
n'l I Uan llA il ?n\: P earson I7 IUJ1J

<a{
i{nfDirnflx66{-1x ?u f(x) rE.r$n 1r

dlf(x)i
dx

f (x) ( x-d) ( 2.32)
C{C x{co

2

2x

rda a FnIIa (mode) rE{n1?uan(a{ (ri1 x il'r rt*l irir6.,rqn; unv co,

cl ttflv c2 fnllfl:v8u#osh.rur rnlo c, = o Hnfiildm{tun r z.3a fu nr:ucn

ttQ{ llulJ P earson Type III il*ri p roUaUi.rity deneity f rmction fu uttnl'lU
.,i .o1:1irii 2.7 fit c, = c, = I flnfi#E{sgnr: 2.32 h n1:..anrraitt0JlJ ni r,riap

'Ifi'irn r: ucn uc.rruurn i fion:fii! fu?E.rn'lrrlantre.{ro.JrJ p earson rype rrr dlriu
- . <'- ,. X
firru.t:rilriunr ilu2 Foster(192t) lfiuh r:uln!re.!u:u p earson ryp€ rrr rtf iU'luin"l

..r9a.
avniilHlriluni{rrrn riDaiulHn'lrtranua.rn?aJilavriurn.riiilrufllqrUrca'1i (Annual

..* r.u, flood peaks) thblginr fi8r11M1,,tlmltr|fiac'lI rog t".r,"formation
--!lut 1:nnfl'l'llJ'lJR I IJU?

2.5.6 n1:Uanlll.:Eru Log-P earsdr Type III
e4 a
n1 log X llnlltlantla.l$ru P earson TyPe IrI x l8lln']lttln IA{ltlru

Lcs+ earaon rype rr r i'0, ia a ru* u.n!1nrJtd1x ;un 1 r i I fl :'rJlin?'udm.:fiiriai

${{nhceii'lutt4i5orllinr (Benson 1 s68)
a. .l

f{111 flrn tot I ffi}r

,0U mean n1:rlanIa{UJU Lcg+ earson Type rrr agf,0lilliul

normal

n'r r0.flj.r m.,: borDd e 'lrn r: uln uq.,: ru.ru Log+ earson Type rrr ill€liifu

nrnrinrfiurro.rlaXn firbXnrilu?1U?r'r{u?n ros xz € E qvriuinoifindr.t

ihlnXnr iurlrtvr 1{flu rog X < e e qv r iuintifi'trulJ ros transformation fln

nrlrinrfisrm{hXan'rnrn.lgt trnva1axi1fibmruJn.:;rtriu:"lrtnr.:mrfi.,ruf irbXnr for

ilx 'lrn:6Sr r:'ltn r i$an lte irruJu Los+ earaon ryp€ rrr lcrilfirn'n

Iog x Inl dynmetry

'l:Uln ttl\: IUJIJ Lq

2nlitu
{.

tuH? I

Artif icial upper bor:nd tYuhXn nr:umuQ.lu Log+ earson Type rrr
i.1r

un1ufl nlfltufi n{ tunl:1.tx 2. 8 mJ8ultun1fl"t:1N t rE l
a1+l
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gr.t drr rrnw'rrruillllnrn.tn t :um ut itruJu log+ earsqr Type rr r

ntrfl.:diuro.rnr:rir rm i (Bober, 1 975 )

n1t'lit?t 2.8

Shape paraneter B L <-ln 10 -lnl0<t<0 l> 0

0<B<1

8> 1

No mode

J - ehaped

Unimodal

minimur mode

U - ahap€d

No mod e

Reverae

.r-shaped

No mode

Reverse

J-shaped

Un irnoda 1

nrJfi'1Fn6i1ar1$Sr nr:[onuq.ttu]lr ros+ earson rype rrr lfignfranilu

,',,tf,rIfiofrrturn i'.:nrrdi6iriurtorirrn:rc'lfiflnirrnrrorb'lt.rru Insronr#u

hXauonfiirilr lirooo n..rl n r:flrf.rddr.n r :umuoviubynalx1:nn: ?idoulfilnu

nr:'ifi x2 test I;oltEJn'tl'lU probabirity plotting

2.5,7 n 1l ttln $Qn UJU Extrdne value

Exrreme varue in rird.,rqnuia rirri'rqnto,lqnh{B trn f, mtirlffn :rn r :

'llng.raml:vlifl (annuat ma(imtr,n discharge) dlnirniurrnlfi rirdn:rn r t'tundlanJ:;

o"rirc.rudnvifi"ltrffilt:znluriu{R?E.r Exrreme varues i.rsrr:nulrrirRrl#vl1.r

nfifilHthqnml Extreme vat'e ilitiluYn1nxlnflaavin lrtton rrol tiuuru Extr€me

value (Fisher and Tippett 1928) fuJu'lnfwud.,r'lu 3 ttUUiE Type r, rr ms

rrr cunbet (1941) r flu{f,uurn r : rron !!1 ., [tjlj Extreme va].ue Type r (E1r'r)

{ d I -i. I ,

xtB t lmn'l A l?llfrlll'l m& "111 'n'llulnrralr[J! cumbel" Frechet( 1927 ) ihnrt e*-

treme value Type rr (Ev rr) uia r iun'jrn r:uan rtaiuru Frechet tt8! weiburl

(1939) f,Bu1 Ext.eune varue Type rrr (Ev rrr) Jenkinson (rgfS) 'lfiutn.r'If,

.tV
t}!U?'ln'l ltlAn tll.ltoJU Extr€rne va.Lue ?L! 3 ltuu l irn:ilr oilrcm.t cenerar Extreme

varue (GE\r) distribution i'oif, udd-',lruonra.!fl21!il1r! r iufi{sJal r
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F(x) = ExP [-(1-1x:!11lk
i..llJ0 !, u llnY o = tl'lr1rJllDl

(2.33)

.J .. u
(n1r 1.rx 2.7 ) unf,lu1u

rirX.rEnro.: x avgnoirln

6rk 0 tEnlluanua{ltuU Extreme value Type f il,oi prouati-

Iity density function nlti1l1.lyl 2.7

fif k < o fun t:rnntro,tru.tu Extreme vatue Type rr d.rdfrn f ffi

z.rr oc'lt'tfidrrlu tu+*91 <x<6

l4r k > o innr:ttmttc',tuJu Extreme value Type rrr flodln'rrd

a.rr oc'lU'lndruiu -- < * < {u + f,)

unv'lufi.r 3 nrd c ocn'rirriullrnrdJa

frr iun r : tton uc r tuJu

-- i
Ev rr i1n,tf,ntD.t x tuQfla'tflRx

Erlrl x 1ilo

o(u + 1) ttBY Err' IrI

mISllRl fl

I

fir x llfl1IBaflll1.]tllJu Elr' III fil - x evul'llttrnlll\tltuu weibull

2.6 rondl#1S{
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l,lalpole, R.E. and R.H. Myere. (1972), probablltty and SleclEtlca for

Englneers and SclentlBte, Colller Macmlllan publlahere, London.

Yevjevlch, V- (1972), Probablllty end Starlstlcs ln Hydrology, Weter
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mtn

(r) tYT x rrJu Normal dis !r tbutlon f,.llJ Mean

X-u

u ttn!

Standard devlatlon r.:fi6orl'lr z rrlu

6

2.7 trrra

(z) dr r(x)

ottn!z

(.I
exn L2 x-u.

-l
6'

Normal dls trlbutlon i.,ti r..r, ftAE Standsrd dev latlon0

6

l

1

I
J2n;

2

flr z
x-B

a au 2 ',',I.:Id

JN

fl a!arlul1 Jtr0.!dn'tuonuHN'tvlli'Iytd01u

6

I Exp I I
z Z2f.Q) l

(3) 41 rtng A2
.|,nJ

llfiR{au lun1l1{}4

tts8 2

J.1

v{
nu{n0QylnTnH1Ur cunn

j. j a {fl 1n?1rnj1ay rilui'ilu: rufl rciridaun'ir
!

3. 4 a.ru1n?1!drqv riufi !tu: ruillvirinloun'jr

3.5

l.lt41lIilt1lJtn0 I v trng d flO{nllttanrta.,:ttUU!n;

3.?

i.!ildonotn ru r 'tn1?ro irfloUnrful'tufln".rn6ir r

1.,tdfi { Frequency Hts rosram riruriuorln:l r rarri'.rulnl'lugr.lil' e. e

E00 Ifln I tln:

800 Nnfl
{..-lunl 2 f,finofrJ

alnnJl Joint Probab 111ty
,4! v 2

runs1.til'rn21rtndufr6ro.r runn r:6
qs. .io

t \tIRdau ? 1n 1t lran [1.:rtuu nn tuxlsd!fiJfounxla'[1l rrnc1,,!1,l1glui..l fl?1I

rjrq c uJu ao 1 fi'ru'luau rnnr v irirria un iru ia r yirriurirfl

(4)

lnB?E I'taximum LIke l lhood
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n''ll ? r Rl'rvr4rluvl rnR11nr1

(Analysis of Storm Ralnfall )

3.1 R'rU',r

nlri rniT vficudrfiarrnrrqrdotneir16.:'luuvril rttunr:i rnr rsr{rioui,lrl'Ifl

'lunr:r.]:crinxlirnnirriru6rqn ,dun.rrunn*rrrru:surnfr uiaarnr:dafirdn{'luqrnfr

suro r 6n nia tioltuJufragnfii5 rulun.roanru.run'i rrtririlrrrio'trl

'luuvrf,rvlfineir16.rnr:irn:rcfrilu 2 uu!6a nr:itn:rcrtr$Ju nrlrin -
tifiui - tir.:rrnr (Deprh-Area-Duratton ) rrncn tri tn:rcfiurunruin - d:.:trnr-

.j
R'l1tJ0 (Dep th -Duret lon-Frequency )

).2 nr:irn:rslrillurrnrrr.rfin - fird - riro,'ru',, (Depth-Area-Duration )

n r: i r n: rvr{furunniiinnl: va.rd l dourn muflifird: vr,rir.rnrrlinra rnlu

-rii r , ^ l
rYrfrufrvrnrqlunqria{ ludr l r rsrdr.r "r uo.rrrqilunnlnnnui.:lnu r onrc i{n'r rudrriud

de id a.t.d'{nnrrocrihiamririrl:vlr,dn'lunlrursrinnJ;lJ1nniril}r6.rqn (Flood peak) n8ofli
lun: rilrhilu r fia'lflunr:aonruJUr slursu1r.[f']],r;oa1n1rdnrl'rdn{dr.l.t

n1:i inrls{iluru,lnruin - fird - ri, .:, ru. rilunr:i t n: rvrlnu{nr: ucn

uoorarfi.d (Areal di6 rriburion ) lffl Cnllrtan lta.tn1ll !'ln1 (Tlne diBtrlbutlon )

d's'r' " "rilff;fra{nr:'lflunT:itn:rs{unviinr:itn:rvrhvlfinaittra\, 1tlfluyrn "rn.rfinB'l fl1l,Huli u
.. -- '. {
0't Lu}l'trana tuu

).2.1 flamfiCfo.:nr: U:cnoufiru

u*du<ro1#n'.,0a.:dnrir-nffriludaglurrnirfi rnra.fi 1?jrtugnvinia'.:

frnEl

( ? ) fla Xnl ir rnnir autra.:n r qfi'nin-r ilnE laln dn liri'r.r,r fla Xn lui'l fi n r :
d! i-"- J --

r rfu fro Xofr r"o'[ l(o rn r nia.: inrh turuu a"nlut6

(1)
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AUUnLLeUtU SNpl L.nltsrl;nqlnLupauun6n|tNuruun gLuaul LcuuL[sgtr prup 9 nt,LJr

u-t!Lupltn c,tutl.gnrLltqrnP!nlt]l BLuustrr.Lse (a^rn3 saBu Palqtlafl) nDtpelg

fft!,RU!$m9nELJu^t!l"up5nlNeBUnElrentltLUBu0r^uBU6t!Lu LiJsrDlrl^nEr#nlt

nPln[BLu pst'liuu"ungor r, sLuLuLr]LEunpapnuuunLcuLh (u)

BF]^eFrynesqrftLufrar!,u 
r c srur.r Lm 5 eFnL

$ L ! LUULU Lnrsrulrunl,r;tnf np r n1nru r. s uunu ups enlrrmg r plr sln+ L ! LULuc r s rpu

nNrlrnpUumLcusunu!r[npuguunLruLur.n!,LuRUUr[1.!isbsE L ]Lpnl.LJrqrryt nLRLurru

n^!,[qp r, luuuuc r r.cpuurllruLnLunnnH uurlLtur r 
laL !,u l c gruL.r,r (9)

nphur.rluuupnfiruulln^snL.pur$ eu b ]LULuLrscpr rl,uunugu]upnsL g LUL r u^u

gLu Nr,u r Lc uuLttqrALtrr enluuugnfiulgssr,rusnnLu[nLfl ugunrhunun:r u

n#n[t rnlcg \z'st' z t' 9 nprn}ur,tr rur.n rFBNe[tbttaL!,u !E[Lr/rLur l srE

rfpalrsulutu nuuputiler (qfd3P IIEIuIBT snoauRrodu.raf uoc ) nF

b l.LULut r c.rEnf,rtp3pn], uumL rueun uflltnFBBnLups eB L T.LULUTINLE$SE

EmuTxEut atnloeqv) uitlpnp uunu cuuu$Upnr.L f t6t titu^U (E)

( sa^.rnc 88ar.t) ltpapryIr.t,il ] ( t )

rAtrMrl uLor,$flnuRutr t nM uumLLu$ Lt Lta sgr$ffi]ttLtut uFtl]L gLUL r U-D

luot{1o6 uar€aTrlI)

1t I u; 9l urr nphulr$ Bn ( dett 1 e1 a trqoe 1 1 nf tlm4tnp t 
3ttux 

L.ttu^u

huung r unru
:, ^

( I IBluIer

huttreauust,te

plnuuBeu L |LunLu|rt,tnur.er

nErlnfnPr

(6)

nBIEElgNRUr l Rr.Ur,l

(?)

nnt LuLuull

ru ltgL unnl LUAuntrl L su 1 0LnL ttunpuftegr engleueg l ttrLUflspur su ( r ) ,,
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( t ) rlirrirnr uin *urv*l r oduddrr r rnrrir.: "l 1li'r virn-urirn: u
fincuroduqrnunui'rfrrfurfT su'lui'o : (Adju'red maae curve )

(n ) urriranrir.rfla.rn': u6n elue{sdr r ofiud! iuril rldrso rdr r r ':nr

n].: 'l (Adjus ted lncrenent)

(.: ) urrirnrrufinfug.lqnra I urinvrir.r r ?nla"ln,iBU ?n!0.!

, l, j
Adjusted increment 1l0,lr?{ t lfl lvlnA tl.la.tflU (t{axlmurn depth-duration )

. a -.. .. -{J " .u- , .id
yl1n1lJfilnal.l (n) nn ({) fi 1l4lutllJ}lR 1U lUtf,lllllU1 Un'].: 'l vl}J

1nfl1r6nnr.r: rr.rn-u

ah:-u r dfufurir*ufi'o,u,oq*u'',1ngufinnrulrg*u ovfioluirirnruintu

6.r4nta.rudnvrir{!?fl'rla.,luriovaRrtufinnrurqrlurrirn:rcfinruni;ud tnl n'.r (.:) ffr

" , j .u-.jurts lvn'iun r:r rrir cu r qdum{ r duflutir*uin:aunqura ruon+iu6na r.rqcldrUa{ r iudra.!

fi.d ru or, dr firrrr dudil rin :! : au sa.: urin r rhr in n r.rr r q cu

d . o j, , { -{ j.(7) floaflRlfi? 1!nn tlu{r{rMdt.: r ?nT n1.! 1 r?ruumJrur-tun I vRlun 11il
. . {i,

semt-1og ttdrilnrn Envelop curve Ltdfl.tfr?1li{urfrr6: vrir lnrrldn-ftti-dr I t rnr

n.#fiuon',,

3. z - 3 f,'ra dr.rnr:i r n: rcfi ilururunr ruin -fi.,i'-dror, ro.

nirunlflunuducn.r r dufirrirlu (roral erorm isotyetel ,n.p ) dlil e

nXudnnr.r (uia a ltu) u<n.ra{'iupi' 3. r 'luumrdrY.:nrirrlfiudnrSrhnrurrdul

rad rdu'lifrlu

Ifr.rtcdrro.rrluiaoridr.: r 'ludrl zrr drTu fuorn 3.oo e.u. iui
. . -J u .u u 1

1947 0.! 3.00 A.M. luyt 2 ftuu'tuu 1947 lJrinMlva.riuvl 3.2

o''r n,*rdfrrf. uutultri : . r oiu lruu r R l rldffi 6: u'j r.rr.t ir rsull#.r,aln
i -ri--- - i

t O0BnlllUll IRR.: ll,fiR.:'lUn1l'l.ryl 3 . 1

r rnTfi.lelvtu1upd r . z i r o: r ciluril irJ roeluf, .,!{nmvil;rlorfudus{xdiu ir.r

drrrrnr 6, 1?, 1a ufls zr+ f,iIr.t "t#n'.:ue{n{'lunr: r$ r.e rit*u6.:qn (ebaolute

maximum rainf att) fro srufiidrr,rnyrlqrnruld'rarfl.rta.r*orirfu oiuiiLrjrlrrnrdniuur

I

0

nuu'tull
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...... (b) AdjuBted msaa curve
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(d) Max. depth-duration

fiaeuvlirirurnddn'tudr.r 6, 12, 18, .u iirlro ornrir

AdJueted tncrement u::ri# ro rdu Auntirirurnfidn

'lud:l rz drIl.: = 1.) + z.o = r.r ir
(e) End of period for (d)

flal End of pertod fi'nirnun'l#ritn ",:',.r
t. i , 1

R1 tUgA{ EncoEpassing Isohyet alul1nn1:"l.lyl 3.1

(u: tn-nvri rr) eirurircurlvdu'luda.! product (r) 6oHarrn

?E.lcualn d dn{ 'lulnu o o",nr.r.,# ,.,
,. r , I

fl1 lUlO{ Encompaeelng lsohyet A.lllalnn"}1''l.: 3.1
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11'r P(x > x-
-I

) p

r
r -1P (T) (1 -p)

p

p

r _I
E (r) t r(1 - p)

r =I
P

p+2(I-p)p + 3(1-p)2p + 4(I-p)3

p[1+2(I-p)+3(1-p)2* 4(I-p)3

P+

+ l

2t1-(I-p)l

I.
P

ouinr: rfinfr r ( 3.1)

(3.2 )

r

fllrJnI Complementarlty

P(X<xr) I-P(x>x-)
-.t

1
r I:F(x < i

Tr 0 .01

r

T

r

)
Tr

unrYrotirl tYrnrrrnirccrfu (or",roi) duu'lrru, zr* iirfu.rluflln r lcirir
'{r1nnl1 latrln! 3000 lN. t?l1nu 0.01 T:A 1% la

3000 lru . ) 0 .01

100 fl

P(X >

j. 3. z fi z7rrrtga.:n'1 r i r nr 1!{iluuuunru6n-dl *l r ?n1-nt116
ra o'
i6n r:v'nJilrnnli rxnfi .lnatro{qrnl1s!1fi rnnfi tfluiiuu'ldn"uurni6xil fia

Ratloosl pormula Q = ciA doialrfig',u'i',rt!nn'ludnrl(ilitdtaii?#{6iufltfut?nl
{ | < - i.,1l'lUl,Ulnu time of concentration UIAR1 i l f,In'l:R0R21IJ l ?rJCU!.llJ!?.1 l2n1

'{!"illl1flU time of concentrarlon lnn 1l1l fil lS9 rlur[ruR11lnn-i1n I ?81-fl?1xr a3

drByli'lflflaanrruUD1R1lrw1 f"r d111rn r6an r riidr.rr rnrn.#fi'oon',, uncd-rllo

r 6anurrnRrrr:uul {flo.:rlu'Iil'rxul sdrfiua rnr:ulaan uuu'[fir lnfiT n? rlfi'uia r auiln r: r fin

f,r rtiu s, ro ria ar i rfu#u
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z. nluromrn': u r fiiefuvr'dr l r rnrsir r r unvfi:arinr:rfinffrrir.l 'r orn
,1,

RlyA'IU LR l1.l!0 1 R{(!n1'

i(t. r )'r
D(r. r )'t (3.4)

t
4'

tra

i(t, Tr) = nrutdrilufidrlr:ar r Lrnc:olin'ti rn'nff1 T.

D(t, Tr) = nrrl6niluvrldrrrrnr t uav:auilnr:rinfr T.

) . ndonn r u r dlcuo"ril iu udn s :auin r : r n'nfr r fi trurYl dr { nn r'lun : c n ru

n:rv{{an-don qv"[fin:rxdufirf:crir{nrrurfir-dr.rrrnr-:ouinr:rfinfrnr#fio.lnr:

diufuorln:lcufl .:qrnt:vcifl orru r fllruni:ouinr: r fi nfr'ln .r oroooo, do

| .'{ - i
!'r ! r ?a1n']lnnla {iru trlultlj n.:}J?l 1.5

). 3. 6 n 1 :x 1(m'l:R?1I r fri-dr.: r rnr-:auin r : r infr
n:#n:rr{nrru r fii-dr r r rar-:auflnr: r fi nfrfi'ndan'lun:vnrun: l{dan-ndn

i.ii , .. vu
nlrM.tDylnfll10i nlx?!a 3.3.5 ia-nuruc rdurdun:lrurun'u ocdr! r:n r iuuflr ru{lriu6

, -.i {
, s14'r 1.lR?'r r 0rJI : aUJn r r I nnff1ir.: .r fiudr.r r ra 11 fr'6'? udiln 1 : tlnnia'.l

-d (3.s)t

tra

KI

= n?1iltfrrCu u]u u./iI.
= drrrrnrnr:nn!o.:rlu lflu u1;

= d.u.d. so.ldunr:iirilurY.,r6#uml:auinr:rfinffr t

t

t

K ulAnIlBn.lr
u a i-

n'r1IlfiJilu rfir lrrr. /!lJ. i.:ildr.: r rnr ryirril r urri' e.lnnllrl

nr1Nn1fi ryila.:nl rrinrtr r fli-dr r [ ?s1-ra!flnlr ! n'nffrrindan'lu

n: s RTrn t ltndan -dan

adr r1 :fi nrl tYrrir l r rn rinin r:i r n: rviliifls ( nanee ) n ir lurn r dl a']fl

d

lrin'urvr'fi.:r.rnru.r f,':Ilr rrftrn:rrlnrurdu-rixmnr-:auinr:rfinfr rYnocio'n8flc1fl.:
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r,{ j

a.i nrilr?iuiaud'lr'r:0ruJfl{nl1riri.:nrirr'l#r:Jurf,unr.ilifngnl:u?nn1 t n?urr1fl.!vl b

f, .r o ;'[ fitln r :'lr.*i dr
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(3.6)

rir b aixl'l61nun ltrnsa {u'ruri1 (Trtal and Brror ) ltrn:vf.:ldaq

r!x'j1,r i rn! (t+b) rihrdfun:..:'lun:cntnrlildan-dan

rt d1il'neirrurudrdr{rat:cfu { x rr]urYldiiuua.r:auinr: r n'nfr rr
Io#rrlltrcdrluiir K rnc r iorrudlfirfn-{s{M1tr

(3.7)

i = x(t + b)-d

K-a

a
1

d(t + tr)

I r, irI0 a ltfl3 c tiafl1o.lxti0.rr( n1l

ruxuri'r K n.:'lrdm1:3.6 acld

t.:

TCr

TCr (3.8 )

). 3. ? f,ratirrn r:urdrn 1 :fl ? 1il r frr-d?.! r ?n 1-rouinr : r infT

niflun'lfln r T ilnitrin-tir l r ro r-or,rrd 1 rrr1nl : r infr ) uo.rlui'n 1.r un
.ru - i

!u1unr idnEflsfi'.:}fi r.s n:rln'.rnsirrllfolnflnn'uilntl!{fiaXnlu:vrir.ri lsrz-

1 950 ni$f i;n1:irlneirrfi .r1uu-r$a r. E. r*

n. r;uun:"lrh?'r!r fr!-drr r rnr-:auinr: rinfr nrli6'luu-rfio r. r. I
-1
n.:U

.ir-
drurirnr udn iluyr-':auiln r r r n'nfr a, ), 5, 10, 25, 50, 1O01

rrnc 200 ).5

z . niu rnnn'rn'l r r r fr#d r.i r rn r un c : auiln r : r fi ntrrnr#n iuun'bll ntr'Iil

drn'r: 3. t ri'rue{n.r'lunr:r,rd r.l 1ni.:rrr ;
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T (il) 235 10 25 50 100 200r

1 /qu. )(nn
35.5 40.5 45.5 52 50.5 67 73 79.5

a 1nn1l1.:r4 3.5

K ('ril./ilrl.) 8,537 9,739 L0,942 12,505 14,549 15,1r2 I7,555 19,118

3. rnan K Bnv T

3.9 ornn:rrloc'tfi

mode

K

K R - o.as s*

n.r'lunr!R1tsn:'lrtn-l ruoruirln r iu{n'r rilu r#.ln:.rr
rJvrfi {:

mean t (:ouJnr:rfiaff:r z.ll)
: xo (:a.dnr:rfinffi r.ra)
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llr. /dr.

rx. /rtJ.
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(3.r0)
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(t + 48) r.07
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'lurJ: v r ufl"lvru
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1 . n:T rinrrrin-rir.: r rnr-:au nr: r infrm.ri.ruindr.: .r rY.:udarlu:!
I i- - ' 
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i< { . - . - .ir tirur dr{ r ra rro.,rntufrinuria 1 0n 5 1! fl 1r4rr rulllJlr.i t rnrrioun'ir er+ f,rll.t

Musronen "tfifrlrn:rrtnrrutfiir-d':.:rrar-:ouflnr: rfinf,r fr.ruan.r'lu;rld r. r r
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rran.:o{1ufud 3.12



I CHIANG HAI

Illc
-4ot -F=

-4 ,

=
--

T
I
I
aI
1

lt

I
TT

Z

=
7ta

I
T

a.,
a

T
T
aa

2III

=

-1
a

,
a
I
T

IIII
z=

3-24

i
s

7
f
fr.

d
f;

J
Et

@

E

2!D

FEII.FI PEFTD H YETHS

f,ETLEt P€'M N YEAE

FEII.F{ PEFOO }.I IEAFS

E'TF{ PEMO 
'{ 

YEAf,S

d
f,

I
Tf

dt

REIIFI PEm N YEAE'

ETIP{. PEng) r{ YElrg

6G1TF{ PEM' H YETFS

RCTT.R{ PENM YE'RS
o

:rjfi :. ro firadrm:riln:rrdnfiiau-drr rrnr-:ouinr:rn'nfli drrlu e {luTn

'iurJ:vr vrrl"lyu I tEJ Musronen, 1969 (i:vnn, al:r)

I PHTTSANUIOK

t 9E'4rI ,4
'..

-/.z =
=

..,.

: UtrcN THAM

$)ll 'rY
/,24 .,;-

4
'/a,z

trrIlIlrIIrII

T

I
1
TI

,-2
-aI

a,

tl

az
22

i SAKoN NAKHoN

4

rol
o!

/z
7--- ---

a
a
1
I
t
I

IIt

I Ir

'a
a

ua
I
T

IITII lrTilr

NAKHON RATCHASII,TA

/,
lr-9

!
,-..
'-\a

I-4
"4

=

I
t
a
a
a
a

I
I
I
I

III
Ez

2
a
Ia!IIII II

TI

I

Z
-a
L

,llItilIIil

i UBON RATCHATHANI

2,,,-

-rf t- l'
/--/",. -a

-/--zv -/,.

: ROI ET

..11 *
2o\r4 '-i'

.-
21 'z.....
=

or!
rErrlf

4 '/a
=

..../..-

't
{

Y,

, IOPBURI



3-27

{ r 4t3. [ir1MlrdR.lfl1lt1: ',',] lna5n1luanua,r uxfl?.:t?fl']n1.! 'l ua.lul3t fl IIU

(Bhuiyan, a.R, 1982) d.rfi'radr.rtigrlvrJ 3.13 Ltfl! 3.rA o'utilunnorninu',rft6iiu
I a<

nlruenrle.ifli'rrrrjroyriluil rr.rurcdln'u alu$.r{nlldl n r ?n1 1, z unc a r"u so{dori

sir.r r 'lurl:vrvra"tru d.r Bhulyan 1fi'rllirrYrddunrr$lnuo.rn-rrun rurrvniufiaXo

R{na1?

tYr x
T

firfl .:(n1urir.: r rnriniuun *rniu:ouinr: rfi nfr r'lnTr

fl.:fidunr:uonuq{fllr !!aacd1rl't:0 r iur1fi1rilnif,

r

T
x+(lvo'

'l{
- ln [-1n(] -:- )l n,l

r
Veriate

{ t lUn?1 Gurnbel Reducedv

x (3.14)
r
x

o
tt03 c 6an r : ri r no {sa ir{.: {dun r : uqn uo.uYr t u a ir niu rru"l fi

a'rndunll
x-o = x_0.45 S*

c = 0.7797 s
.j*

a1nfl1i?r Bhuiyan "lfuinr:frnflaXndu{r{n'iudl.: 1, 2 Ltns I iuta.ruvi

ncdnrirdrn"ulY.t6f,rntruqnul.rn"urua vrith:rurir x- un! a so.liluf,{{n'lu?i?.r
,o

t1a1 1, 2 trn! s iu sa.:uriacdnri i,,:aur:nuirrr{ndlr.rlHuiudn.:riur:rirna{

*o rrnc o ciuiu*u6l{n'lutirr r, 2 unv r il 1frn'li'lotir.rluguvi 3.13 Lra! 3.14

i dafia.:nr:l:v r inrurdrfludrdndir:-urirr r rnruav:auilnr: r finfrfi'fia.:nr:
d! ii ., .i.,
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(Areal Reinfatl Reductlon Pactor )
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r.lilrnnr:1un6.rrn1uiruinr",nn'ir ro n:."lld rwri'lf,lfiriruilrnnr:1l.rng,,rEn6rrn'uR?'rn

riluqi.r fi.liom&rconr:urnrlolrn*indn*irdrrlt!'luria.:nr',rin-il,ri-dr.,,,ro'',

irrr:r.:r,l 3.,, i.,or,irulfi'irnrrdnduro6'snwq'ln, oroooo,duilrdrinlu x.rfiu

i",.
nr rfrovuira rrirn?'ltJdnculrln lrr{nrr:.r6n -dr.r r rnr-nrlrd'tu'llfu:sr iuJirrnn r:'h,rn6.rqn

'luiudlrnn'ir ro n:.l1d ccfuwrlririlur+rulfic.nnrrrfiruuf,nrm{nnnrri6nilunru
r<'

?,tr1olllt

ufi nr m {nn nr ^o.rin orrr*nrlri*d l anr l in a'n:r dru : sx'ir.t nr udn lu'iuri r.r

1. l{',-." | <rrnrthiuuarnlfiiinlfli'ln r {n"l rbnrrufincul$r'lcln (ro n:.'hd) ludrlr rnr

rrirrYu (n I nio-p 
Rc

ARF (3.1s)
Rp

nrluqufi uHrufl nr m{nonrtrinilun',utnr''r#n dor,oJrf,uourfiaroltrqtu dr..r

,'ro'l ilrfi'unvmuilnr:rn'nii i'rccrrlfiomnnnr:irn:rsr{iluu-nr'rufin-ilrd-dr.,,,ro",

fi.:'lunr:r',:d l.r* i'rr#uilrRilromruflnrrnfnnnrrudnalunrru.,",nilufi'ufiror'th:rrii

mBflvn.tlrM 3.15

Leclerc and Sh aake( 1 972 )

lr
I'tlrvt thlfElIl l l

"lIftnrr iin'rumnruf, nr m {snnrr6nilun'u

o.25 0.25
ARF ) + eD(p(-1.1t - 0. 01A)

(3.16)

1 - o(p (-1 .'lt

t lto

= rir'r r ?o'rn'llenm\:curiludrllr
*) a

= fiItll t u nt.urf,

druhal:v rvrrt'hufir'lrilh.r'nr:fnuruf,nr rn {nnnr1rrfrnilunrJt!rRilnriodr.:oi.rt.r

usilfiuiriruflnrm:t..rnrir#mn,rinr'lurirqJ:vrrr{rirr.t:vqnflt.:rurdu camp Dreaser and

uckee (1968) 'tl1'lin:rtuf,nrm{nnnrtrinalunrrnnnilnrfi'rKur6ul (Ai# ,. ru) ,t
'lt.:rurr.:unnilavYufiirilrn1.rrvrroJ?rfln: i'.rn:r*fi..rnrirroc'lfirirtbutr.:eii i.r1fl1fi6

!

r amvcuvl{fid?.i r ?nrfiau r rrirfiu
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n1?i tn:1v#l ?ldfrriru
(FLood Freguency Analysis )

J
u?11r

4.1 Irdlnlrusa.rnr:i rn :rc6 rrmfurilu

(Purposes of Flood Freguency Analysis)

rJ ilnlfrriru'luaurrn riud,rdl ridrrr1 ?ouon1 Hwirau 1 ilinlnx;an4 r nffi r.r

lvrurarorCdrsafurunr:rfiflf'l?irl'lffurharartfi?n.tlillll nr:rfinfliri'llriutlnrrin4ra.:

Ianrd (r,avr of chance) ill#ararllulhXmfiffinrm:rllnlfluain (Historical

Record ) lr riurlu3n lunr :fi urtal iurufrrizl'luounn

n'l r i.n :'l clh ? llofurritnv d :u a.n i o rl*ir au'lq r u.iril |l r du ( 1 ) eli
Ian ra r rir"l m* iunrfrrirl'luruif^nlo n r o.o #o, duu4inn crimn nln n ir G, ooo zu .

rrn: da lurfi (a) rjilrndfrr{u#raalnr:rfinfr 1,ooo il m.:uifr0r d1r'o,du,

4inn h'rrrir'tn n"r,sudlfrasfiJ:vIsfi6'anr:oanruuru'lmin1:/nrtluf rda'llh,rru

t du.,nanr:rwrufrl rifirn mmrgnr:'lUlruro.:arr r:ag1ur nrndruarrhlH unuat r:i
r.<

?,u1ntr !n tnl,| ?1!e1 luu

nr : i rn : r sl6 r lrot.r rirl riraafi .,'luunru r i6'lunr :aan ruufrri:u ( n"sts.,

Frood) i'.ria.t:vIugr.6ion1raoflrrrufll1aa'n1?flffhshf rniirnifin'lfilfirar1sar1l

aurnr6n rdaunrffruiacrunnfr rnvrr{rwrsfrhrsa.rrdaumrrnr"nn i'v,'.ra{rir.r'tnn

forau l{rrn'nf,lyrcnrucc'l&ia'lrfrfinrrrrflunruroiiruacldria'lr(rfimrrlrdtnrtnanin6

Rrurrnfin

u., orrrd

( nreguency and Preguency Distrilr:tion )

o r',rduorn",, uo nn o rt d,iuloara5sa$zadr.: ( senpre ) d.r*ln:ndlv

u'r"hJlUurlanrfirrrrnjrovtf,u (erobability) ii.rrir4rutlth'taqJrcrllnr (Popr.Lation)

1ll rdv nrrirntrsfirrr,dfrrirurrnUaymilHnrm:rlInlf rCalUurf,t6#unrlrtanu+':

n:rrnjrqs r iluto olrvirl (rtooa probrblrtry Distributlon) rfl!fiu

J
Intn'lluanle.n 21110
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e:L{ pa,.ra)ts 1lal) RtFtBnt nnnn[1ueg]mru padeqs-t oF padeqs-p fful

sslr L.curya r fltnnnngt l urr uurt gr uNs uuufllBt,G ur,tbru nuftep padBqs-n nrm (E) lun

padeqs-1 nm (q) L.lusFrsnm (6) rtBunlmLpnmr (z) rBE[tl 
Erlnn 

o!,4er!p l L.mp

l1m (t) nBr rn fu]EBtunfi b utr [sunsn s Flrlr. eBu[rLLus ulluun g L u

Lgr c ur,tir! Lriuiieg$ g8ullLcu] un uull gLU z'z'tt F
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rux l,rLsuBUL (z) $LEruBUl (l) Sunmr 6 IrLlupI auutlLLuNunuull gLu

(u.Itnqlrlslq .(ruenbo.rJ lua8erd 01 6pcrlt.n)
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t+.2.3 lltua'to.tntlulnuor a'rrd

(ucxnents of Freguency Distrihrtlons )

1r r un'rra.{nr: uonuo*r.rdCr,h z6.r'ludfi Hruhrlr r uuluidlnnfl 'lM {
Iuraaiiqruerah'vrrc,finrro rfrr5.dddrg-on"'ruonoo.rr',# rianr:ulnuo,rTantd

nrruhlcrilu i'rrsj.raanlllriu 2 rJ:srnm"a llrrna'rzu1ngud unrllrrna'rzulngnrti

n*rr rio:ru Mean

th'll( x rirdrru:u:ufulruru continuous d.ririro{:vu'ir.r * 6.i +-

uavi probability Density nhction r rirllu r(x) cudrrr:niurllu I ircr'n r.l 1lfi
-{flilu. -

(1) lrrun':au1fl-fiuri

1l( fla trl lJutlt n ?alJ1nflud

+.,
,nD = r xn

tIuJLnI 1 
'alJ

n
mo

f(x) dx

RU

(4.1)

r(4ua a

1
om

+6
/ x f(x) dx (4.2)

i'.rlv tilrhn'r Mean (u ) na{n1?[anBlin 2lrd*o * uiailurud.l

:vuvrrnlngudd.r,lnfludnnr.r (certroid) !a.inl:rtinuerr?",ud ra*iuo,tr'unlrtugl'
),fi r :arl r6rrital x 'ir hpected vaLue sa.r x uio e( x )

(z) lurrna':au1 flrusnn1.t :0

1fl

,D
u

tljuuJtun14 n :AU Mean
n

m
u

(x - u)n f(x) dx
+

!
Ilruq'12s ** dr*,yr'u r+ llrrnnir:n drlfirui

(4"3)



tu t rJltr u 1 lIIu Mean
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+o
.r (x - u) f (x) ilx1

m
u

Iur

= E(x-u)

= E(X) _ u

=0
.J,tl, 2 tAU Mean

(1r.4 )

(r.5 )

(4.5 )

2
u

.f (x - p) f(x) dx2
m

s(x - u)2

r.(x2 - zxu + y2l

E(x2) - 2x(xltt+u2

fut

+o
3

m
u /(x - u) f(x) dx

v2
2

m
o

lJlo lt 3 ?01J Mean

3

= e(x - u)3

= e(x3 - 3x2u + 3xp2 -

= E(x3) - 3E(x2)u + 3u3

= E(x3) - :e(x2)u + zu3

= ,,: - a,nfu + zu 
3

tlJt lJltrl U 4 t0lJ Mean

,3)
3

u

4
m

u

+.!
.r (x - u)

4 f(x) dx

= P(x - u)4

= E(x4 - 4x3p + 5x2p 2 - 4xr3 +
4.ttt

(4.7)
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E(x4) - 4E(x3)u + 6E(x2)u - 4E(X)rr + u
2

4

4

3 22
uo

^4JUm 4m u +5moo

Iu unia4 rqtutiunvlrr ua':m uea,

sE.rn1?rrnua.n rtrdi.:rv'l Indrr6.r'tufirUmotJ

r u riurlu3rulunr :n1rudu&idu .r

a)- c
n tdffi ? NJ, riluuJu Discrete nl !}t1f l.l I ur'ecU.n .,rd rrJr ro'l UflJs{r/nr :

rufizuaunr:d ( r. r ) n'.r ( b. z ) rn*lUra ia.rulru sumation t r) roalntuantr htryar

J
nHuf,r 80{n1 : [rnrte in ?1In4 .2 .lt

( rreguerrcy Distrilertion characteristics )

n1?ranur in 2'rrdq*arUnd,r*r,! 4 rJ ?vnlm'a ( 1 ) ru?Ifirr Uldi r{uri

nn1{ (central Tendency ) (a) nr:unin:co1U (Dispersion ) (f) n:fdnrfu:
(skamess) unv (4) o ?1lt[Ju?'ru (rlatness ) uimruti.r ( peaxeaness )

(1) uurlflrrUr lndudnnl.l
-.JnolflulJn nu6lR.:lrurIflu r ur

Im (Mode) uorfi,d* (Median)

,J
fl1 I oau

{i n6rutin nr rd*+rr-fl }trui rir r odu ( Mean )

o r r odsra.,nr:,renua .n ?ild?ra.df r uJ : x n"rf rl u r lurd r raulnfluri

doirf cvuruHru ! u:"a E( x ) n r r oducvarrr:nurlficrrrf rodr.rlns'lfil #r r qduur.t

nfin ar*r f ( ArithrEtic l,tean )

I
N

N

E X.
i=l r (4-B)

.c
I lID

4, ) -nm1l0ftiuain?au1{

6'ariurubyn'lrJf :atir r

rnlfrlfl

1og (r.ria r., x)

x

x

N

Y

I
I
N

x
N

E

i=] I
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logxl + log X, + .... + log XN
Y xlog

s

xI
(x

N

rogI
N-

xI

2""

x x
2 3 x

N

toI'9t Iog( X x xtt) 1/N
1

x

2""
I/Nxtt)I

x
s

.r I .
R m 1l aag}ll|t r TgTt M ( ceometric Mean )

rirt un n"n rfl r ru #in l udg.:r.rialanrsh r ruir o,,ilug.:dq,

d*n r.uo'godq rilranra.,n 2 1xd

i r itnr n"rf d rnnrr uarh g n d.rurl Flrnnr:{n r iulUarym trn"rhr

iritndarirdror'.:faXmanriu a druryir r llu iliTfiEu#fifrfiaunddf:nnr.:rrirllr.r

o'ru uffa g #irf r ulnn dd ? n nl.r

nrilir., uonuo, rrrdriurolr sy'met4,

mu: 1 x.
J

nrrttcnul,!cvin'rrilrllu mfirlil qannetry rJ

uurlflu r Urdlqgurinnrod#q,

' J <.
RltAnU Rltrn Unru I RtilSait

m ac0a?
,JeJJ

?n 1 t a0uav t u tR r0.,:111r'tt ?rnfl R{

(z) nr:Ntin:sqru

n'aqrucuin'dnr on'J1 n 1 ? ua n ue .rr ? lrdsa {f, r rU : * irir r uJ, o, u u o''n 
1 n

gnuinnr.rnimr r o#lrnflau rilr'l n ,o {r.,*'ro#lU,,anrnr:unin:vlr#r+r,yr'aurr {wrf
I

(Variance ) usr:rir ru'ul tuu.rfl lj'Iu ( standard Deviation )

drlzr {fl rffa1u,urad . rmr Mean i'ourrioc n ruur r itrurlsa.r

popuration InuHrghnuc( o2 [nc'llf s2 n"mruliuudsa$fratir.r d.nvdrlr:rniu:ru

"lllornf;r:

s2

^as

N

E

i=I
N

x
i=1

I
N--r

l
N:T

(x. - x)2

x?I

L

u:a x2

q+.s)
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' J { J- t t
R l lUuil lUUrT 

'l1U 
fl AllnIdDit[A{[2 ] tUlli

x. -I

N

x
r=

L

N

NX (

i=1

2

(t.11)

(4. r0)

(r+.12)

s x

(3) .!
fl?,IIJIJRlUg?

tRCa{uuruudn.n:ru0nru{ursa.rnlrttantra.n.trf lHrU:cRutrrur'n

tiur ( ster*ress coerricient I irffi ah :rda:nrz'r.:Ilr rnad 3 :auln(rudnml

n an r rrjur r uulm r J'tuunnifN d'lr,r il nn'oc'I fl r rfl u&Ulkruriumn'r Hrd : c8v# r ru0 n rilu r

gA.: Population

N;T 1

E(x - u )
3

1 3o

fi r'li( c n'aHral : vinf, rrral nru{u2ga{fi 2ad'r.: tniu:rwrrir c
'tlhrnfrr

x. - r)31
G

3

1ula

rdurdru

'l

(N-1)(N-2) s
J

n1 ? Ua n ll1 in ? 1}ln UJU SFnmetry tdu n1:ulnltl.ttLtu t'lormal

= o firnt:ulnul.:tiuturutusttfl?'l d1 r isriuJ?n lfrnr:ttrnrn.:tih:u.ru

n'r r qvrflu6u

(4) n?1&ruurruuimrrrlri.r
J4

!R :airnrluuslR{n 11rJr0Jur1U im 2lrl rh n"m rilraj : vavrG rn afln id

(Kurtosis coefficient) i'lffia h:rd'ir:vu'l'r.rllrrnad [ :oJ1ngudnnl.tflttrr1
!t

t0u.rruurin:5-ruumiH{ 4 rJrfr-'lc'lflx riuHqgfrrurfiunra'rilrd:cRrGrnaf1niafla.r

Population
4E(x - u)K

o
4

(ll.13)
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fi r'll{ x n"m rhal :vimf,rn afin iam$rotir.: nnlurom'rir x'tllernpr :

N(N - I) (x
I

N
l

i=
4x

1
K (4. 1L )

1,r.rs)

4(N-2) (N-3) (N-4) s

r.. r fiqtunr:ucnrl{Ianrsh zruirev riuzadhil:l

( Prr.,bability Distri.brtion Functions of Flood )

'luitrqrn inurifl .ntlnrrulnul.rlanr#r rruiroc riutiuu'lffiua$urnuru

dlnaov:u.llllll..rf RA

firn'rrunr'r x

tion F\rnction (oF ) oa{ x fl'

F(x)

NormaI
I

trcgnormar i.:inrr:rirnaf a Cf': unc a #:

canma t.rinr:rirna{ z firtnv 3 fir

kg-Pearson Type III

Gumbel llnS t g-Gumbe]

General Extreme Value

(1)

(2)

(3)

(4)

(5)

(5)

l{\rflUUnl? ltenlll.:IEJU
I

flvrtunr:ulnul.truru

1{{n lun1, ua n lle { EJU

t{\:ngUn1l Uanul{Uru
I

ll.tflf,un1? ttentla { t[JU

l{.lfi f,lJn'l I tta n lla \t 10lU

,- a,. J. . ,.. i , 4
rn fl {riiufrrisrulur'lflunr:i rn :rsril ilroffrilzuglq rfi a{ 3 rrru R'a ruru

Gunbel uiu t-cg normal dlinn:rirna{ e fl"1 rrncuJu Log Pearson lype rrr

i'.rlu#lulhrrirrfi.rronrv r fl.:ntlrfiun'rfu dru:runcrdsm,a.,rf,.nt'uaJu r llfncrn

SaLas, J.D. and R.A. $rith (198I)

4. j.1 fl.mtunl:ulnlcirEJUlllJriln

fl.ntunr:uonul.llwllxtun urm Y.rlv r iunil ruu Double Exponential

Function u:arw lype f General Extre'Ile Value

(1) cunulative Distribution t\:nction (CDF)

n"df rruj:sa.nltlrnrfrriru c-rnulative Distribr-

a

expt-exp(-
(x - x )' o )lc
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J
IUE -o < X <+o

X R0 L,eation ParanEtero

a ) 0 fla scafe Parameter

F(X 0. 3679

uimrlun (uoae )

o

(2) Probabitity Density F\.nction ( PDF )

lrunt: oirterentiate F(x) rfitrulfu x eu'lll probability

Density FrErction (PDF) !A{ X

(x - xo)- (x - x )

*.,ot -explf(x)

.Y

]J (4.16)
C

runftui6Ilrlur'()) Dlril!!:DtrlnurltI:

(uetnoa of Mornents )

'lff rqean u

stardald Deviation o llav
a

o variance

Skewness Coefficient

x2f(x) dx - u2

3

.Y

crnf,rUa [.2.3 Bnv 4.2.4 oc't]l2'r

-Ju = E(x) tia r(x) R"a Expected value !a{ x
+6

= !:r(x) dx

E(x -u)2

E$2) - 12

2
a

t

E(x - u)
3a

2) - 3E(x )u + 2u3 3E(x

J
+(D

3o

x
J

rIa E(X3 3 f (x) dx
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rfr u, o unt 1 mdmdufiltun (yevjevich, v., 1972) R a

u xo + 0.5772 o (4-17)

fl

Irnc

J
1'lnfiUn1ru (4.17)

x=o

Cl=

n'r u unv o 'lunlnr:d (a.zo) ttnv (4.21) evdlul:nunul]lti.luf.r X (Mean )

unv s, (stanaard Deviationl d.nhu?rulllcrnbryn hrlu

O=

[nUc=

c
J6

I .14

tt8s (!.18)

u- 0.45 o

0.7797 o

x - 0.45 sx

0.7?97 sx

(t+.1E)

(/*.19)

(/+.20)

(tt.21)

(t!.22)

(tl.4)

Xo

(4 ) nl:nr"lmr1fi rf, a{gad.nlufu runlmi6 Maxirnun Liketihood

niuun'lf( L R"0 Likelihood runction doffiu ,oir,a probabi-

lity Distrihrtion Eunction u4.il20d1{ xt. X2,.... . xN ii.rAu$r'r xt, x2,

.... , xN tiu6grn'allu ( rdependent ) tlacrla 1nn 1l 11ifl 1a.:rrw r;u ?n-u (Identlcally
distributed )

'lfi rc(x : x

L(x; x c)o'

c) noA Ln L(X; Xo, c)

(4.24)

-(x. - x )10e-
C

. . .(4.2s)

(4.26)

x. 
(xi;

1

zi
N

-NInc- f,
i=1

N

flf
i=r

x a)o'

N

LL(X; Xo, a) = -N In s - .f,
1=

o'

I

(x N

x
x

1 o

la t

lll z ol- xx

E

LL(Z; Xo, c) =
N-
t e-ai

i=I
(4.21)



Imrnl: oirterentiate LL(z; xo,d ) tfitulfu xo [0! c lllfi

0
6T-

o
LL(Z; Xo, c)

N
zeN1

oct
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N

E

i=1

N

EZ
i=1

(\.28)

(: l+ . 30 )

1
i=I

{$ tz; xo, ot
N

tz
i=I

N1
c(t

NI--+-gc

N
x

I
a

N

EZ
i=I

I-ze
1 1

R 1l{1t1I ln A? uR! cr

nnfiu.-

ff t,, ,,
o

, a)

?fiatfll tll t_t lZ; X IR 1U1nllf,ncflm1 I llBC d
oox o

N I I -2,
--- ?. e ac(t- l-=I

N

+,
i=I

0o

ALL
ttnv (z; x q)

0c o'

1fl

unv R

_l
1C "'Z 

! = o .. (1+'29)
I

-zeP N L
i=I

N
f,

i=1
-zN ezzi i4-31)

1

'1f, taylor Series Expansion !a{dtnl? (4.28) 11nC (L.29) aUlfi

AX
o

(k) (k) (k)
( I .IIP - 0.25 R

(k) (k) (k)Aa (0.26 P - 0.51R

(k+I) (k) (k)
+AX

k(

k

c
N'

C

N

(,u.Jz)

14. 33 )

(4.34)

(4. 35 )

InE x x
o

c

o o

(k+I) k)o +aa

(r)
o

(k)

fl1 X Ung a cvnr'tfiIrsifinrfiaru2niFt (rterative Procedure) i'$Ernouhvrotlil
o

ald x xo

UOC c=c (1)

)

)(

)



niurrunrir p ltnu R a1n(m1?(4.30) ltn! (4.31)

niUrorudr axo t]nJ ac e'lnslrnl: ( r+ . 32 ) tlnu ( [. 33 )

nr?es{mr02''l axo uns aa inrlnHgurinialri

l{r rxo uru a" , fi'rlnHgnrd ufimrir xo unv c dnlrignYor

l{r ax ttnu 6a in'rmn llhiuronnr x (2)
oo ttBE c

a(2)(u.3il uHrnun'1i( x -y12)roto

5 . I1lrulr 2 n{ 4 frlun:vfillll x ttiY a #Yuor.,

z.

4-LZ

[nC c=

4

l2l rlndrnlr (4.3[) unc

o

\.3 .a fl.ntunr:[cn0eituJu lqnormal z r1:1itn0{

lfr x n"aJimnrfrrirl i'.rrir.di'rro.t:u:urior unvlil v = rn x fir v

int:uqnurruru rbrmat I rcri rq"* rrirfiu u

a&.1oy X lVNn1: l,lanul iltuu Log normal IftllJ

Deviation rilrfiu o
v

(1) Probability Density E\nction SAit X

ltnv standard peviation trltfiu
v
I'lean l?l1nu u $nC Stardard

v

t?F-x o
exp [ -;r 

**: 
" 

,'1

.t
1il4

f(x)

P(x)

0 < X<+@

l (r.36)

(11.37)

v

R

R

,y a Ltration Parameter

a Scale Parametera
v

(2) Cuulative distribution Furction of X

I lnx - uy
ldx2

x

{ i *nt- it o
vJZn o

v

InX-u
fir'ltl U=

o
v

v (4.3E)
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u tvunlruenue {lljlJ lrlormal gitu t€an = 0 tlAS Starr.lard Devia-

t-ion = 1 rJrrilc tiun u r'r st"ra..o Norma1 variate !ilu CDE

F(u)

n'r r tu)

u-
t e;lq,l-tvzlavI

fr -ot
(4.3e )

i{

(4.llo)

(4.4r )

t+-
ecul taelnmu n

$ian"Trrrucrndrn r:

J
Normal Olrve t I01l:'U u

2-17hludn{'lur:r{d

la
n1t?tT 11t1r1ll

LlkeU.hocd

ly

Inc oY

2.?

(3) rnrritnofsa.tf,ttu r,q normaf 2 fl1?1itn0f

rlrlitnafla.t I-q normat e rr:ritnaf do u, lt1c oy

tna{ , unc o r11l{ e iE n'a i6lltura' unvii uaxi.ln.ro'v v
d{fi .: e i6qc1r{n'rr gu ruioutlur'o

I
N

N

X IhX
i=1 I

N

E

i=1

2I In X. -.1 uy l

N-1

r.. f . S fl.ntUnf :tfQnue.turu L,oo perrson TvE III
fir y inrrulnuailuJu G6nna rrr

4t

tlnY Y=In X X tcllnl:Uanttail

toru t g Pearson Type Irr u:A Log-Gama IfI d.rilnrmirno:' r lfr

(1) Probability Density Function lail x

I
;r f6lT-

lnX-Y B-1 lnX-Y
f( x) ( o)

0a
exp (

(1.12)

o
c

0<x<-
Yo = ]n X 6a taation PararrEtero

a Scale Parameterfl(l

J
txa
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a Shape ParanEter

T (B) R"A Inacmplete Gama Function

B-1 .Z

Bn!

e

= (E-1) r (B-1)

(21 Clfiulative distrlh.rtion Function !A.t X

dz
0

T(B)

x
T
o

I
=T(E)-

z

(4.43 )

T
(r.rr)

(3) nirur'1il1r'lirflo{lo.r L€s
e.<el

Pearson lVE III [RU?E tUlllu

0.5 s Gvv (4.45)

hX-Y S-1 lr -Y(--l) e<p(- -----J) dx ...IF(x)

o=

JlIa

B

ty

"y

2

2S

2

v

v
G
v

(4.46)

( 4.42 )
o = Y-Y

-lY=fr N

E lnx
i=1

tr (ln x -Y)

1

2
It

J i=I N-I

(ln x YL

3

N

N'
i=1

3

(N-r) (N-2) sy

(q n'r:ilri1x1:d tn afgsl trcg Pearson lype ru Imri6 uaxirum

YY
Ia=N

N

I
i=I

N

E

i=1
l

Likelihood

(Y.-Yo)-NI
1

I
o

1 (4.48)

(
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t r-d
N

I r (Y
i=I

N

)E
i=I

I I l-1E Y l (4.49,)

(4.50)

J. Yo Y
1 o

F(vo) N 0(B) + ]n (Y -Y ) -Nlna=0o]'

TA + (B) fta Diganma Function

N
x

i=1

{,(B) r'$)/ r G)

ln (B + 2) - I
=ilT-+21

1---------------- +
L2(B + 2l'

I
4I20 (B + 2l

I I 1 t4-51)
256(9 + 2)6 (B + 1) E

lunr:ua'r L l1ndm'l: (r+.lo) Cla.r'lUi6 Nter.rton,s Tangento

lrufiurr:r#a.r Derivative F(yo) rfitrulfu vo drrv1fi

F(Y -NO(B)(fd -at'l/4 -a-1.1 5'71,o

tra {,(B) ltigafima fuhction

(4.s2)

I I
42(s+217 3oG+2)

I
-.+9+2

1

;tB,.rP
+ 11

;(BrrF 
- ,rd;F 9

+ I
Ar)z

+ I
gz

(l*.53)

(4.54 )

(/*.55)

(4 -56)

(4.57 )

(4.58)

N

E

i=I
l

Y YI o

N

l
i=I

Id z(Y Y
t- o

f = a- #zu

d u3/u2f

h

h

b/N - N/a

-I+rE/a 2 (4.5e)
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unv b
N

I
i=1

(r.50)

rdaunr v^ llllruio' Norton's targent uHrc'{arrr:rnlu2ou1 ao

lrnc B lficrndmr: (/+.tB) unv (4.49)

nrr t 6onUa{drulunrr i ra rrslh rrrdtrlrirr

(Selection of Data for Flood Frequency Analysis )

fi al #ccu'1 ur't ftun r : i rn :1 uh : #f,rri u n ruJ mTaj iuollr rirlg.r q n

(prood peak ) ta.rfrriuluain dt :rinr:o :roam.n rrltdon'alfi lconsistency )

uo.:hgriaudlur'rrarlrlt uavUaXnhntral:i:suurrnrnrrrTrufioXnur:u1urodro?t

r$lrfnrrirn:rnflla#rirrCao'o nrriUoXaFrr,l'urlrh'rnr'r ro il rnl#r r 'trJfiagn

frilrlmrulfrdzuluqlralrvrralnulrntviUoXnllasn?'r ro il l'.roqlmrdrlfriUaXmnnnz'r

ao il f,naoc'lflirnrrwhzudlfi

nrr r danbXnJil'xulfrilt$xil |l e rsu n'a a1n:llfi r,ilrg.rqnJ ruqd

(ennual Flood Series ) unvarln:Ufril1rfl.r{nr r'rdru (partiat Flood Series )

aprrnTrriargrqnJrvr'nliaaqn:lrnoJiurorfrrizudli'r6.rqnlurn nufluorUagn# firi$oXn

fril:l ro 11 aqnrli.rnrhrc$J:unaulilfiznlildfrdu :o ir druaqn:lfrilrq.:qn

ur.{dru r$rsdloprlm.ttlirnorffrriuti'rg.lndnrfrrizu5ru (noa sase) i'.:ilrfies

rfianintirnrulhrizlfl.:qnlrvdrildfifrfioudqnm.:fragnrflrnrfrli'ugru fi.rfiufirilUagolfr

ilrlr ro rJ aqn:mrlirirmnnr'r lo rfrlH bimlnr:1Uar1n:llfril'ruf,{qrul{d?daav

druni'lffirqiu:uUagmrrnfrrn6[[ardudrd'Sa:a.rr1nr:rfinh*''ru:ol]flrllU:mLrlnr: rin

frr i.r I #r, tJfi niullUarln:ufrrizug.rqnrruJlunr :i rn : ru6 r',rrfu",riu

4. 5 n1ruenul.:nztrdfrrirllmri6n:ril

(ftooa proUability DistriJa.rtion by Graphical Method )

i6nr : d.irudq ntun r : i rn :r #nt u.n uo r r',udf",r,iru r #rrr a.l iurufr

rirl#:ouilnrrrfi nfi'r.r .r n"o i6n:l{ 0'lfi#rna.rdr+r,Uf,u

Yo)(Yi

L.)+
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( 1 ) u'raprufrilu6l(amuluuinrr{nr iulbgnornfioulil!rn uio

c rn urn'hJfiau ilo gfi, i*a,rn', rurl anr ffr muhlv riuruulrnn'ir (nceeaence

Probability ) uiornrulfirnnr'1 ( tbn-exceedence probability )

( 2 ) uinr miurnrum r'',roJilrfirdarAum.rhX n ( snpiricat Freguency )

.l . . . d d...
uialnn-ccilu r iundr nttting position $ rnrmlurrrmr protting position dif,

fiuu'lflliulrnlfirui$ :ml wei.urrl

Plottirg Pasitiar, F (Xn ) ItrT
n (4.61)

{
TA

v
= 1'lLl2U?E}Jnr$lrJa

= o",rrruui*rd ., uian'rh.rdga.rf,urn

N

n xn

(3) riann:vnrun:rr{nr:[anuein2lrd (o*rrr.y craph) #a'ir

r illr sdultJR r rrdfu firdarnu rro b g #iuml l'lu t z l n: v nrrn : rilucnuo * rrrdir*'lo

lEru l Hrui uJU Normal Bnv l-og normal totuilutun urutcru fog Pearson Tlpe

III

( 4 ) ui r a rf Tl ?lro'iluf, ,dnrarra.rUayntJn &m n{'lun$rr{uon uq.:fl r rrd

(Probability craph) drfianlI

(5) nr?cdar3'h1n r' (x) hr x dvr$m ris.fir,luriurflro:.r?mialri

firrarUr.rriurfiun:r'lflnrn rftrn:lr#rirJrramrnflza.rlarurhfiu rfiur:.:Hnlndrrr"a

n:rv{ulnuoilanrffizrrnirlvrf,usaqJirrrlfr}iril$.r{n x fir.r#nsmlrirflurfrrnr.rtdnrr'r

tfiann:vnrun:rr{uonr,..r,rrrdldruuvddfuUaua 1l{r6onn:vnrun:rr,lrtncfi8m'l]td

ou'lllr lhm:.r

nH.rerndl,lhrrrlucnul{Ionrsh rtnircs riusoffl}iru lcdrur:n'[durfr

rt ilulfrrirudiraurlnr r r n' nfi r { .r 1 ll l runr rdnrf rl rtn : mrnnrrr{ r ffin :'r

J .J 6If,rotir.ri r*.t ool.tn:t{ucnul.nrrun'rnraqnzrn?rrilrS.rqn:ruJsa.rtuiffrlu.r trtli'rl
t.r<l

r?u.:aur4: utcr nnl? :wnrrfl n.d. 2466 - z5os ru r,l il hludn.r'lurr:r.1fi r'..r
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nr1{d r.i Eqnrrfl?i2!(.!{?6ruilsa{uif1ls{ dris.r{,uili rJ:crnhlr :vu.irril n.rr.

z\66-z5oa uncatmrmium plottirE position (irsfln, ello)

rl n.g.
rurrffrrirug.rqn

:ruil

e1
n1:1fl118{mflJ

.bXnfrilrr
lrntjfiou

R1n n

Plotting Posi-

tion F (X)

2466
67
68
59

24'lO
7t
72
73
74
75
76
77
78
79

2480
8I
82
83
84
85
86
87
88
89

2490
91
92
93
94
95
96
97
98
99

2500
01
02
03
04
05
06
07
08

r9300
21200
14000
17700
I7500
15500
20500
18100
15800
14900
16300
14900
17500
17000
r7300
18300
I9IOO
17900
19400
22900
15200
14300
20200
t7700
18900
15600
14800
15200
16300
17300
14100
15700
18000
15300
lJ.300
II5OO
18000
18200
18300
15400
15800
L7200
14000

22900
2t200
20500
20200
19400
19300
19100
18900
18300
18300
18200
1,8100
r8000
18000
r7900
I7700
t7?oo
17600
r7500
17300
17300
]-7200
17000
16300
16300
16300
16200
1s800
15800
r5700
r5600
r5500
15400
15200
14900
14900
r4800
14r00
r4000
14000
14000
11500
11300

1
2
3

5
6
7
8
9

IO
I1
t2
13
t4
15
16
T7
I8
19
20
zt
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4T
42
43

2.273
4.545
6.817
9 .09I

11.364
13.643
15.924
18 :182
20.450
22.727
2s .000
27.248
29.5A6
31 .847
34 .130
35.364
38.610
40. 984
43. I03
45.455
47.619
s0.000
52.356
54.645
56.8r8
59. 880
51.350
63.694
55 . 789
68.493
70.423
72.460
75. r90
77.520
79 .370
81.970
84 .030
85 .210
88 . s00
90.9t-0
93 .460
95.240
98.040
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? Dytl

( 1 ) {nr iu.rbXmrnlrnhlfiau uHmiunn{T rrudilrfinoisruuruurnnir

r'(x) Irulfiyrr weiharl hrrs{n.r'lurrr.:d r*.r

(e) nfim F,(x) hJ x o{'lunrynrnrlilfiuruR f.rr,tnr'lupd ,..,

l, . 5 nr rurilmtun r : rcnm.rlan rffi r rlrirls riud r uur caufm r rudtr'rrirlra.rUoil n

(Fittillg Probability Distribution F\urctj.on to Etnpirical Prequency )

, #1 h,,i',.r", uH: irnr r rr{n.! H trlr : uqnur q z runJn'rl }hnruroru,n,*d

n'adr'tfhrrlgnil'a.rr"'ndq, n"a nr?rdmnnnr:urnrc{ftEtmt'u firaaunrrrrfl.rndrd

lxrludrdtJn'l:ulnrnv'rrldmrhun (Enpiricar Freguercy ) i r fi, *dfri',y o",

( r ) nrr r 6anf,mtin1 : uanre ir (e ) nral rv r innur:ri rn ofia.:f .ntlnrrucn ur r unv

(3) nlrxrdan?rrunrgdlsarfrt'rd,6unuornr:rirnsdrJryriuinnrr#frrirlgo.r

UaXn

tl.5. i nr: r fianflm"$unrrulnm{lanrsh rlnircs tiu

f, ,,:r,t'unr:rnnrnrlanr*r rtaircc riuso.rJiilfltrrrirl #ur'lUltilI tufi':'r

tln- I flmtu n"a flmtlrfilrun flmtir Los normaL z nr:ritna{ unv il.:rrtu r,og

pearson rype rrr :'ruurto'untdu:m*rn11ufi.r r thr:hzlluHr'lufi:Ua r*.:

satur, M. A. ( 19sa ) lllninr:fnur rriitrufl#unrrucnuc$ rrrnjlec riu

t, ruU 4"0 lfutua lq normaL e m:tiltnof P.a..* Type ur trns Lrcg Pearson

rype ru ltufaynlirr,i:u1ral:surdl?ra unvlllruwi'llfliilmiunrrulnuc{sa.lllutun

dnrtaJ:c riltldtttSa rlinr u.s. tiater Resources council lltrinrt
flnt'rr#urfl.ratirnr:ulnulurrruhqcriuaaffrilerd,*lr*d4, ernJ:rn4r'rnfl'llfuri

I manlrjl Furn air.:l :fui ln osnr :lnr:Ifu ndr zl Ir ruauus'lrf1U Los Pearson lype

rrr'lunrrirnrrcf Irrlrorrvotir.rd.r$utulnron.r#uonlrrrudrgtufiailr{}hunr:

r iulrnl5u r rr nr.r

dru'lral : v r rr5.rn rpl lfr nrzfl nur'luniua { r n' grfi u rrnva fl dril.rnt'unr : rnn

ue.lrurJ Generar Extrdre va.rue lr.r,l1sf,uni.u.,udu r rrnv'lun:ddifaunf;u n.ntlu
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r dailr:rur uJitu rfiurfiaapn'r.r 1 rc rilu1fi'ir frnhnJ rc r rr{l rudofiUugo

t-t C'. .tjJ{ q 7 u r u r . ' -,.,1 Jo ^ tulvr?Iflu ilinrurun1:1 tfla? 2 fi2 tgu Rlltuf, u'lev nn2lilin f,urlr 3 yr1:1r,ltfla1

rdu rq pearson rype rrr fi.rirfi:rcnraJrvrinn'rHraJ:vRuf,r.r,0nrisCfo{n1:UoUn

do",rr",ru.n lrh'rnr'r go fl i.rrctrhrdrdafiolfi d.ncrfiu'ttt'irlriiruifrlnluJ:ururt

luudifnX nu r ruru6., *r ofiu

fl mt'unrr,ronuo {lanreh rloircc riluunvnrflJ:v r inn'trr:ritnafr rurKn

rqufidnrirrlT'luhtfio t+.la'alUr.rti.rurn unvnlrul rnversed Ftnction tr-l(x)l
tdaudilrntrrrlrld:aalnrrrfiffzrl .r ui'lllrjlurnurn lft,toxrv L€s peeson 'rype

rrr i6h.rndrri.r rnurva'ruIuf,din rlrfnr.:lhulffiunnin ar*r {riuatir.rfi un#(a.r'll

nalf,r rn a{dru'lunlmiu?ru da'lrhtgrfi.raunl, rnversed Eunction fla.lfirtun Lq

normal, 2 xlttitna:' rtnu t g Pearson Type Irr illHr rul:u ruriar.r x yr'a rn x

rsriuf,{dUum.rdrr odu rirdru t ila.l t uul, rr,r5 ruuat dr Frequ€ncy Factor

(1) drnr:lfutun

cunulative Distritution E\Dction talfiulum"a

(x - x )

exp [ - exp (- --l ):E(x)

4-Zl

fnversed Function salfiu tum"a

xo o1n [ - 1n F(X) ]

F(x) P(X<x
1

F(x ) I - P(X > x

x (4.6e)

( 4.63 )

1

F( x) 1 I-E

:aullnr: rfinfr

Ix - aln [ - ln (1 - )l

J
luA Tr

x o Tt
(4.6,u)
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fiaJ:v r iunr:ri rn aflrsidlrru^n' elndtnl? ( 4. aa ) unc ( r. 23 )

45 sx

uncc= 0.77e7 *
uns a. n.t1ldrn1l (r+.64)

X - 0.45 Sx - 0.7'tg7 * rrr t - ln (1 -

X + t - o.4s - 0.77s7 ln t - In (1-+
r

lllna 1 xo

xo = I-o

x I
lr )l

)ll sx

1fi'c' -0.45 - 0.77s7 7n t - rll (1 - +)lr
(4.65)

r
x i+r sx (4.66)

T

J
tr0 KT mm Gunbel Frequency Factcr i,,r Huru.t:'irjn':l rii r file8tnrr r a. es)

r

r r

Ql tq normal 2 rrtritna:'

firx .u -r J<
fim 2utft,lxlr rn1:UCnBQitRlJ Lognormal i ilt r 1ton8

1fi

?t1fo ,*x
InX - u Inx

a
InX

., cvinrtulnulituru Normar

u = r-l (u)

d.rcsurlllcrnn r:r.t

HlYvndaval r(u)
.J

I 0uf,In1lil ( lr . 5Z )

lnx

,J
llNn l tuBit ruutl1n :tTr I

u

ilrltu ol,, x

(1.67 )

d.,ririr r odu r r,hltr guti unn r rdu.! ruulr :!1r r il1ru 1

(t+.58)

ilr#bncrouonuoirrJU Normar (n 1r1{d 2. 2 ) rdrrrr" ro r.ud

lln! F(u) = r -; udnldr u cvtd:Hurrir r,
r

i.:drur:o

1H'luiz'r

utrrx+h aInXr
'lfln r r oduunnr,rJro,r*r r5.lrrdf 't odr uruu ur,,,

lnx+\ Sln xInX
r

Itng olnx cv1fi'ir

1u.ao)
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(0 < p < 0.5)

I

nrtoiBaa{ k x
a

fl'lluu.:luulr?tJTna{ h x

r iunl Einatir.rnri.rdt uormar prequency Factor uloit 
"

( standard Normal variate)
<6 u,n.N nfl12n.l Ll$nn 2.2

AbranoH i tz and st€gun (1955)

.{ r --- A( laA1 z ) tnUlt$JTr tlfi.lU

lH r cro gn:dru iunl rniu?oti1 \

'Ifi p
Tr

t r.,tlr:L
p

lnx

slnX

ut
r

\

n'1
{. -ru | {
?lnllJlnJnal 2D R.lnn 12aC& ffl 1}lHn Alm&)En?1 0. 00045

2.515517 + 0.802853w + 0.0'l 0328w2

a
l+1. 432788w + 0. 1 89259w + 0- 001308te

r

r

aSXfl'lt

tran lE\l Lcg P€arson Type IfI

Ini = Ii-i +

lI{ITTJ ?'iLNTJ T

r
unc c Inx

Kite (1977)

I

n1

lnx

("2 - t)k

r

(4-701

+zk4

3r

firp>o.s 'Ifi p=l-p rla \ fi rhu'xu'lHlrnmnlr (1.70 )

umJ

\

(3) Log PeaJ.scn Type IfI
au!a-twrito.r 

t nE?flufruffinlrx (4.66) mv (4.69) rnver aed Func-

fo

NA

(4.7't )
G lnXhx

\ fufit r."g,.r*,.y Factcr tE{ Log PearEon Type III
G hx

K
T

firudn':'lunr:rlfi r,.e Sr c e \

R\t

3

r ln x

! nlr){7rfi lxlun'lrniu?nn41fi1 \ 1'5

r

u
r

\
2= z+ ( z-

G lnX 1_5*Tk

1) x + Jtz3- szl .2k-

G

| 4 .72t
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n'rr'rod u., f'requency F*tor ta\t Lq pearson lype rrr

Sker+ness

coefficient
(c)

,auJ nfr trlt

lanro rtnirlc riu tu I

2

nlttn
2 s 10 25 50 I00 200 1000

50 20 I0 4 1 0.5 0.1

3.0
2.5
2.2
2.O
1.8
r.6
t.4
7.2
1.0

.9

.8

.7

.5

.5

.4

.I

- .1
-)
-.3
-.4
-.5
-.6
-.7
-.8_o

- 1.0
- r.2
- L.4
- 1,6

.3
-2

0

- t.8
- 2.O
- 2.2
- 2.5
- 3.0

.180

.250

.284

.302

.318

.329

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.396

.350

.330

.307

.282

.254

.225

. r95

.164

.I48

.L32

.116

.099

.083

.056
,050
.033
.017

o.420 .970
.652
.444
.298
.L47
. ee9

.518

.574

.609

.643

.675

.705

.732

.75u

.769

.780

.790

.800

.808

.8I6

.824

.830

.836

.842

.850

.853

.855

.855

.85 7

.857

.855

.854

.852

.844

.832

.817

.799

.777

.752

.711

.536

.159

.LO7

.05t!

.000

.945

.890

.834

.777

.720

.563

.605

.549

.492

.379

.270

.165

.069

.980

.3r2

.223

.t32

.041

.949

.855

.763

.670

.576

.482

.388

.294

.20t

.108

.015

.926

.837

.749

.654

.501

.351

.216

.097

.995

.907

.800

.667

.810
-675
.540
.400
.275
.150
.035
.910
.800
.525
.465
.280
.r30
.000
,9I0
.802
.558

I
I
I
1
t
t
I
I
I
I
I
I
1
1
t
1
I
I
t
1
I
1
I
I
1
I
1
I
I
1
1
0
0
0
0
0
0

.337

.340

.340

.339

.335

.333

.328

.323

.317

.309

.301

.292

.2A2

.270

.258

.245

.23t

.2t6

.200

.183

. 166

.r47

.t28

.085

.041 
-

.994

.945

.895

.444

.77L

.660

2.27A 3
2.282 3
2.240 2
2.219 2
2.r93 2
2.163 2
2.L2A 2
2.087 2
2.043 2
2.018 2
1.998 2
1.967 2
1.939 2
1.910 2
1.880 2
1.849 2
1.8I8 2
1.785 2
1.751 2
1.716 2
1.580 1
r.643 I
1.606 1
1.567 1
1.528 I
1.488 1
1.448 t
1.407 1
1.356 1
L,282 1
1.198 I
1.115 I
1.035 1
0.959 0
0.888 0
0.793 0
0.555 0

4.051 4
3.845 4
3.705 4
3.60s 4
3.499 4
3.338 3
3.27! 3
3.r49 3
3.022 3
2.957 3
2.891 3

2-824 3
2.755 3
2.686 3
2.5t5 2
2.544 2
2.472 2
2.400 2
2.326 2
2.252 2
2.t78 2
2.r04 2
2.029 2
1.955 2
1.880 2
I.805 I
r.733 I
L560 I
1.588 r
I.449 I
1.318 I
1.197 I
1.087 I
0.990 0
0.905 0
0.799 0
0.66 7 0

.152

.048

.970

.9L2

.848

.780

.706

.626

.542

.498

.453

.407

.359

.250

.600
-200
.9I0
.650
.390
.110
.420
.540
.395
.250
.105
.960
.815
.670
.525
.380

.828

.561

.489

.401

7
5
5
5
5
5
5
4
4
4
4
4
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
I
1
I
I
1
I
I
0
0
0

.311

.26L

.zLl

.836

.235

.090

.950. 0I7
.033
.050
.066
.083
.099
.116
.t32
.148
. r54
.195
.225
.254
.282
.307
.330
.360
.395

.900

.798

.565
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5

t+. 5. 2 n1flJ rc r iuurr 1rrr1i ln0{so{fl.,fltu

nlrxrilxlrlirnafsa.lilmt'rn1{ I xil}l a ii n'a (r) i6lutrna'unv

(e) i6 uaxirrurn Like.rihood iEuznnilllirunr'r druidnh.rrdadrindrlurO.rnffi

rn'ii6nr:dirurnfu dau uatrYa.miurrd(r r nrmn I na r onr cfi .rritLdi r nrrri rn of

adr.rl:fu ru'lrah1fiu nr:'lftr alfi rrn a{riutjatlrr uirnru id u*ir* Likerihood
< eJ. t ri.l rilufriiuulrniu :1u nc r ouniEn'r:rJ: v r ftrurr rxr: rtr rn a{sa{f,mtull& lu n r.os normal

ttnv l-og pearson rype tlr fi.rl rnrifiIu r urn'rrng Maximum Likerihod 1fir6n.:1I

ruHrlufirfia rr. :
ril ldr'lunraJ :c r fiur'r : ril rn a{I rrui6ll r rnn fiu rirnrrri tn afivaglu grJ

?,0{r,rrodu o'rrrJur,r,*r15, *rnfuil.:at'udina.rfl1:1ilna{ uncri&HuJ:sifl*r'lu
. C . --.nl Jo A ?
u Rl,uu? f,1u ?utin 0ultlr 31r1:1rlna?

\.6.3 n1r?tR6{arn ? 1r r xul vdufla{il':n il'un1t [rnur in ?'rui1r! ]flu

( coodness of Fit Test of Probability Distribution Function )

..-.-.
n1:ufif,au21rinxun1fllrn$l.,l ?rldrosriu uafl r:ritnardj:c riu

rnrrtilrfruYnlnfiiilufinid.:irn:rcrfiaiolil iir'fifiillU z i6 ;E i
Smirn ov-Kcl rnog cr cv rtavi6nf:yrndaltUlJ chi-square

Dn'l lfldauI,fuu

(1 ) iEnr:tndottstu snirlov-4olmcgere!
..rt r
i6ii tilunr:nrdzun ?1un ni1.,tund1fi ?ildlo{taUnlfi riru (nnpiri-

I

cal Freguencyl *riurolhrnfl? Plotttutg Position ttn#114n1ffi?')rnjrlcriu

sa.:rrnnr:r[rdurfiu*riurrulfiornflvrt'unr:urnuc.nzrurirrvtflu (cprl drfionll tir
..'", J..,- i.

R2',lNM rn'l {lirrr 1lll ntid 
'qR 

lgauniTrl ?nrn iilnlnunItE srltirnov-Kolmogorov

cc$dni?'ril.rntud,fion,,orn'rr',irna:dJruriutiudualhrlti rn't{rnrrlrnmr.rlrn4rfi
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R'llllnn?.ltl 1 2nrn ff al Srnirnov-l(olmogorov rusnr?'rfl.:nl,;dr fion'tri r ulrcdricuiur'lU
a-

afirrtn r rrnircc rflusa.:nr: tfrnffrriru
' 

aurn''llf p'(x) noon'Tlrtrdra,,:Uagffrrlrl*riurrullnrnnr:riu.r

UaX nffrrilrl rn fi a Hlilx lxln'Ut r r x l n"an'n r tnh ov ri usa.rfrrlrl*r1u'xul lh rnil.rnt'u

nr: ulnulvrrruirlv rilu unvllf r*"* a"arimrurnrn'r.r:alr'r.: r'(x) unc F(x)

dirf.r''nd4o d.:niurol fiornslnr:

A
max

MAX F (x) - F(x) (tt.73)

R arlnrl )lirsunvslsnrn Inunr:nRur nr:rnnttcsr rludoooA
max

Uagn ( unpirical Ereguency distrih.rtion ) tilulFon:rr,luonm$ rrujrlc tiu

uH:rHarnr a crnn:rd
-YNAlx

niuunlfl 5," dnirinmtait snirnov-Kolmosorov ii.riua{fin

liurubXn (N) [nc:c]trfl?rlfdrp (signiii"*c" Level, c) f,1 \,o ovurlll
J . dt r r - .

r1rm1l1ir?r r.3 o tullll.ririra{:vu'h.r i fi.r eo * rnrjr6"lunr:rndzulc'lffrir "
rr,lrl'ru L(

rnrufnrrnnta-ria

(1) fia or.* < \, o uar,.rdrard5rud'irUagm?rri:lin'nutntta.n?1rJ

ilrrv rf, rn rlf, df,'uunvlr:rirn afd, *un,irduort lfi d:uhn rlrt'rflq o

(?) d, o*"* ) AN. o unn.r'hnlr65rufi'hUoXmTrrirlinllttanre''f,i?1lr

riro: r flun'urf.,rdduuavrir:rilr no ffl'r 6ian til r f, ufllau trnl': vllunr rr.rtrlffu a

(z) idnr:nndzuru.lu chi gquare

.r8iEilc;ydallrmnr:niurnmrfr chi sguare lrnfiarynunvfl.ntu
, a Jrn1:uentla.n?luhlcrilufrrdan uHru'rtJuJita.rrfiurhnr chi square inrn fuslU

tnru#luuiuaI t igrfiuiElafidauruu smirnov Kot mogorov

ntruun'lff 12 nto chi sq,r"."

x2
(N. - N.P. )2JJ

]

1

m

j=1 N.P
)

(\.7 A )
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n ltlitll

l!-n

4.) n'r a inrptal srnirnov-Kolnrogorov frulu'ltuRdam?1u][t]1Jdu

00.lxqEinl?uantta.n ? 1uilas tflu (yevj evich, V., 1972)

,J..= n"nrrufidriu:rfaa.:nr:Ifidhilu'lufru (class)

= oiu:uEaUmTrrirlfiruln

N

C

0.20 0.r0 0. 05 0.01

5

IO

15

20

25

30

35

40

45

50

0.45

0.32

o.27

o.23

o.2L

0. 19

0 .18

0. 17

0 .16

0. 15

0.51

0.37

0. 30

0.26

0.24

0.22

o.20

0.19

0.18

0.17

0.56

0.4r
0. 34

0.29

0.27

0.24

0.23

0.2L

0.20

0.19

0.67

0.49

0, 40

0. 35

0.12

0.29

0.27

0.25

o.24

o.23

N>50 I .07

fi
r.22
fi

r.35
,N

1" 5-?

.'-ft

J
l.la

lN

N

.Jnj

pi = nrruitvrflu (probabitity) so.rnrtrinthillrlufrud :J

i = f,udj tannl:{nrurUaymanriu#u

m = ciurufufiirunsa.!fiaun
'",

n1:fliu?oorrfr x2 ifirnauh.ru
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1. {nuj.rhryefrril,aunrf,uf;u'r d.rciuflf,u (class rntervals)

uo.:hXmvrrlHelndmlt

m = 1+3.3 log N

fuu m lcffa.rrilurnsciururfir

z. rr ?rrnlrcv riudflrlzldcv r fi rnil naffufu : f e, I ftualrn*lff

n rlnhcs rfl ulaw'ncfiifi'r rilrfru n'a

l
I
F

ua.! rtiocfr.,

3 niurrrmrimiil#u (class Limit ) alnni:[an[e{il :rldr'lc riu

urflraCr{ iinrm'rurrwnimlfiruura.rf,ud 1

P

sxh

I
m

x+

I

1

1

ITr FE
x

tr

..r . i .e V'J
?6n1 mlu2runlsrnlnRJugaitgull 2

2
t "r=.?i=1

IT,2
,P
2

I ].i=1

+x "xK
Tr^

x
2



4-29

iEnrmiurornrimifi ruuaadud i
j
t

i=I
P,=J.1m

ITr
I

X+ sx

l
f, P.I1=I

J

x \,j rl

4 frrn'rn t rldara;:r[oo.rlor1# nn.r'lurn'ncfiu

s. niurnmt'r x 
2 lrndunr: ( r+ . z+ )

niuua'lf( x2 - n'an't 12 inrp i'lila{ru @ree of Freedom (v)"v, c !

um:uhn ruf'rYq " nr Degree of Freedom lniurrulfilrngr:- 
r, = cluruiufi.rurn - 1 - olrrunr:ri,naito.rflmti

2 rilr'llrcrnr:r{d z.r

tt
firath$ I.e r.rilrnaudrflmtunl:ranuQitrlJufilrun rrlrvr{ulfuUoXmqn:ur?rd?uf,.r{n

F*.,*n",Izr i'r1#riu.rtrun{ il:rrurtnr2 ,vx'i1.r il fl.tt. 24G6 - eloa ris'td

niuundd:vrirunrr:rirnafsa.rlllrun lrti6lllttur'uf,ivtm{arHzu snirnov-Kotnrogo-
I

rov statistic fi:vhnrrufdfq f t

x1
I

fl
c

rnru{nr:nman'o

1' fit .'n*, ' '?, , o usn':'irdl$5rufiirfiayafrriuinlltlentll't

nrtnirrsrilnrrf,.n'duuncrr:rirnuit,fiun riludgouhrlll d:chnrrldaloryirfiu o

2. fir ,n'-, , ,i, o usn.rr'rnur65ruddrUagm?rrirdn"lrrenual

n r ruirqs rfr u rlil.ln i'! rmilr: ri rn a :fi r 6an1 ri rfl uduolfu d: vhn rruefrftg o
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x
(1 ) niu2otuTtl x tlnc s

i=I
sx

ornbXnlurr:'xd r+. r

.N, = *r],,,

x?I

725,500---4r t6,827.O93

N
E NX-

12, 47r.45x106 - 43,j:6,872.0*12
2

N-I

2343.9I

42

(z) Riurnnrnr:ritnaf x tlnv a la{f,{ntulluluno

ox

d=

x - 0.45 sx

!6,872.093 - 0.45 (2343.9I) = 1s,817.33

0.7797 Sx

0.7797 (2343.g1 = I.827.s5

( 3 ) 141 cDF go\: x

P(x) expt-exp[- (x-15 817. 33 ) ll

([) {nriurlhXn x ilnfisuhJrrrn n'lu20m1 F'(x) unc F(x)

hnrtn.r'hnr:rrd r*.r*

F
n

= N--r
(5) il1 a eln$l? a=

(5) Amax = I2.5

l
e1ml1?1itx [.3 a

I F'(x) - E(x) |

xn

(7) 43, 5* o.206 T:A 20.6 *

?trlt1
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J,
n 1t1{1t 4.4 nr m1u:ru tirannrtoudrfl mt'ufil ru nr urr rduiuoqn:ltirrirugrqn: ruf, m.r

urffrh: tt#risl{uxf nrli6m.: sni.rnov-ro:,rcso;v

f,'! [Jtl
n

rJilrrufrrirl
6r4rnruil

x

r' (x) F(x)
*

a = lF, (x)
r(x) |

1
2
3
4
5
6
7
I
9

IO
I1
T2
13
14
I5
16
I7
I8
19
20
2L
22
23
24
25
26

.27
28
29
30
3I
32
33
34
35
36
37
38
39
40
4I
42
43

II3OO
11500
r4000
14000
14000
14100
14800
14900
14900
15200
15400
15500
r5500
15700
15800
15800
16200
16300
16300
15300
17000
L7200
17300
17300
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n1fl iu2rm"J irnyfrri:ldraaJnrir fi afr#omr:
(Calculation of Flood Mqnitude of a civen Return Period)
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Upper trnv Lcrhrer ccnfidence Limits fiD11fie1n6fun1f
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*f..'*io,, u il firtaur:'lfn'r rur f,urlrir fiu rr j6 l#araanrqrusurrfflilrufifi :aril

nrr r finlfr rlir'ln

100
(r-+

r
4

,r
r

I 4

I
7/4I (r - 0.04)

e8fl

tl.1z tandr:fir.ri,r

1 ?: !rn r#lrnh' z5io.

qrnivrual:vqni.

tntrr:rlrM {

rDndlilJisnaunr:dauidr 1fI.nt. ))3

nn idrulxutn:f1 nrucitlrn::urlrch f trilrirurhu

2. Abramowitz, M, and Stegun (1965), Handbock cf Mathmetica.I

Funct ions, Dover, Nev, York.

3. Eduards, A.L. (1975), An Introdrrctian to Linear Regressid)

and Ccrrelation, H.H. Frednan and c cJ[pany, san

Franc i sco-

4. Kite, c.H. (1971), Frequency and Riek Analysis ir Hydrolqy,

water ReEources Publication6, Fort Collins, Colorado.

5. l,lorel-Seyt oux , H.,1. (1983), class Handouts for CE 522:

&rgjneering Hydralogy, Departmeot cf CiviI Ergineering

Colcrado State University, Colorado.

6. MuEreje, K.N, (1986), Appfid Hydrctogy, Tata Mccrah,-Hill

Publishi.ng Ccorpany Ltd. , N e!, Delhi.

7. Sabur, It.A. (1982), Regicnal Flc.cd Frequency Analysis of

Thailand, IIT Thesis No. WA-82-19, Bangkok.
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8. SaLas, .r,D- Enat R.A. smith (1981 ), C c.rtput er Programs of

ProbabiLity Distribution Functiona in Hydrology I

Colcrado State University, c olorado'

9. us. water ResourceE cor:nciI (1976), Guidelines for Deternin-

jng F lood FIcw Frequency, Bulletin No' 17 of The

Hydrotogy ccnlnittee.

10. Yevjevich, v. (1972't, Probability and statistica in

Hydrology, 2nd rditior,, water Re€curces Publications'

USA.

4.1) uruIrnia

(1) oqn:xfroUnf1il?ufl .r{n: ruiro.rurirhruiuli.ridrn".rudn.:'lunr: rlvr'

UA
cEa

UQ
cEa

fl a
c[a

ile
ca

2s00 475

1447

720

1132

628

643

591

469

585

500

2530 43

80

r80

.1000

15fi)

800

750

2100

0r

02

03

04

05

06

07

0a

09

25r 0 436

973

12 852

t3 949

25?0 791

21 326

22 535

23 677

24 249

25 388

26 1062

27 1292

2g r 352

29 80

14 57.1

31

32

33

34

35

35

37

r 5 648

15 667

t7 139

r8 535

t9 695

fi'rauli'irdoXni'lnsirrinr: uqnuq.rtruu

:ruflnr:rfinfr 1oo il ttss confldence Llmlts

S tgnlflcant Level 5 %

Gumb e 1

loit a

,. -. Ja. 'ruI 1nu1?l?!vr

100

I
?l
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(2) fro gnrlril r5.: q n : r ufl so {nifr Ni'.!ui ot : rn4o glun r : r.r

t. 11

250i

Q (cms. )

iurll ux ( nr- )

1 t0

2 I

3 30

1 20

5 I

6 7

1 120

800

700

1 ,400

800

1,100

3 ,000

1 ,000

700

600

1 ,200

a {Rilltom1sulnrhilrl6,rqn'lu:au roo i Tnui6 Log-pearson Type rrr
(3) rrir n:r;f,nrrrfiillriruiriurll n1r iu rilrlri ri,io ln i'.r do lrJ[

o2

03

0,q

05

06

o7

0a

09

10

1

In : e {r 1n i lr{n 1 : rrqn ue {ar ruddirirlto.r riudhfi z

Q(cme. ) fi.fl Q(cms. ) 1r.d

700

1,000

600

900

1,500

2 ,000

800

400

t,300

2 ,500

2511

12

13

14

15

15

17

18

19

20

500

400

2, 0oo

1,200

1,700

2 ,500

900

1,500

1,500

3 ,500

25?t

?2

23

24

25

25

27

2A

29

30

(4) l.lh'l Confidence Llmtrs lolrlhirulu:ou so 0 to t rilrl.rfi' 1
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iurnrnr:luagl{nU:3clil (nu. r uarliurfi )

siurfr

r. r{
71 3 4

25II

25r2

2 513

25L4

2 515

25I6

2 5I3

2 518

25L9

2520

2521

2522

2523

2524

2525

2525

2527

2528

2529

2s:o

253L

2532

2533

2534

2s35

550

300

480

310

210

780

900

1 ,000

100

105

500

600

700

800

550

7E0

384

410

3L2

299

500

700

800

1000

1050

t15

70

89

90

l5

20

70

60

75

55

80

75

30

45

90

300

315

105

90

215

275

198

195

220

270

I80

250

240

298

1 70

r90

220

2 50

250

210

240

150

r05

98

70

198

170

190

l15

I50

I70

230

r 50

160

1 80

190
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!fmalgttuI_1_gl!xrts]

( Hydrologic Desigm)

n l lao n !!!lryt'lnoynivru rira uJ ?un.l l'lun.l flJ t ilrfldnl rx! ro { r xnnlmi
! l{' u 4

UllAUnlxu']fiNr,A I nrutlufl {U1 llff !Fll t nanR'l?E.li2ul l]lffifqto { tn t mn l taan

uux r i@'Ifi r crlrluxr{$ifiuyiirtrfili,nrlfi1b Inr: n1laan (uuyr1{avrnivru u'il:vIusf

vionr:rrlunru'lun1tfi'f't.10'rntlrMii.rfiiuyi.rlnrirdu fiuiunruptiiilrri (nrooa

arcqrrrol Levee) u:amn-rltx u'l tutarn in'l lann't'rtrun.rurfiiau"lfinu 1l0R?lJfilt

"..{tRR?nlI u

'lnfir mroifii

nr:tnvriunrufir rnril'rilar (rrcoa prain Map) r ion r': aifinnr rriant r.r

t. i l.' - " d o
n'l raan rw I nrul'r}1n {'u 1Ia { f,u I snauau .r t nH ?m {a r. r xualu2rot 1n

ltra
l]an t IUoAlfE{ n lrnAljyl'i{at!n?14U il U fl?'11tt UlOg?D.lfU ( PubIic welf are)

ltnsn2 TJTJBo nfi! rf,rBJfia fl?1}lfi'lu{1x nn}rx 1u ll,aca.r6Jl&naw1.:7t1uirl:nr rdu.r

r du 5 ru: rnrnvlnr.rdt rr 6rrfi'jrd.rfifinquniilE iYo.: r trti r iitr rtre.rhruio6'rq: r
.. "..'" 

{ . y c< r .i j , .
u lx Tuu1?l t ahlut:.Iru [flunayln2 u lnocro.r fl'lu{nill}.1flu I vnata u 1 Innl?n.{ltnu
c< . c a r I'l6n1flJlu9in1 1{Ayln2IH1 (nydrologic Operation) Yla 1i0J}rnn I U}11J9Oa.l e

a -^1 , I o.. ". J "r'r cnoluu fl'rrJ uu2fr? ir 6rMnol 1 l lrllc ! ,u'[n? 1 nl lE)o n uulyt1,ro yln'ir4u'l r uu I ro.tvr

<a
n21.rg?1ln?1nll1r R l't clrvt l {a vtn ?vlu 1x1n

5.1 r1xrd2rmlDDnujrrn TN?}81 (Hydrolcgj.c Design Scafe)
I Mv {

ItDJ.rl4rJ 18?O itn1t 11{[(UuflCn',] linnl ir'CJ1nllirlu.rAanlnru! 2

!rvn1? ulYn'r rurn;En 1r n2unrrEi

n'ruqwfiivi2rJ nlrorum'l?sfiH (Pol

(water control) td! n'lr:Uu1hfii n1r

tution Abatenent) R?U[HtWn{ n2UqN

o'ntnauunsRlui rnna Ursnlrvr' 2 in nr:1Ufii uavnr:{nnl l 1w"te. use and

uan4enent) rdu nlrqUlnn-uilnR uncandl nllx n1i0n tgr11u nlltdn

n r cnd'lilfl1 nr rf,inrbuntiau'in nr rfirqlrmfi.r!fl irncfrn{il 1 nlrn?u?Ntnn lu$i

'lurif.rtrH.r (Lo!i-FIow Augmentation for liater Qual-i.ty Manageflent) tt0c

nTrtnnlr$ufii 1ufi.rm.riq.rr+,'ru.l1uro{finornivruravtuiaufiu?n riortruilro
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n1r'1il0?a{fiirtruuai.rfii ,i"rrr',0 (no.te) uirrodiiudru:cuuttl4ri.!fiimvril

' a i, ^ 4 r. e ' A a1
nt ? a3{a urio?''t r unul}E-lau la'h lEutn fl'l.r?o{I.:m.tn t0,fo n 1:oan uuun 1r R?uqN

,;. - ..,
niln nls I n u ?14 \rRL t 149n 1 lrux ?urtt \t ( Extreme Even t s )

r rir. rlir rnn r :'luo n.ran'turixfiid rl uiauir rnn t lun rh

firn'n'ludrlt rnrfiu r

anfi r n'n1ud rr lrifi 'tu1u

tirlufir

nno nu

nusfi n r."lUfi ios t n"u nYrn : rr{rl il rnn'l r'liln ta {ti ( F tc'w Hydr crsr aph )

l r r,: r eilun r roan ttuJ?r 1.iqvn ixu rforir.r dr n.r h uu raofi r'.Liu (oesisn

Variable) rtlu r.tilrnnr:luaoanurrui'.rlaonuuuevh{l6anrirlrndt.:iltionr

rJilrnnr:lunts.riir Y:r:cuu f n gud :. r I a.rfu :vnoui,aiffi 4n1ur r: r fian dman

ruuurorHluJ riarirlil,irumcnr ruuoa ruitir tlu lcur.rrn'u1 fiT agaan rrutn 1R1?t1l1n

rfinrdu rhmrlnu'liluirrTnr:'lruqoqrdiolqorrn.r r.ria Hraanutuaror:aiirp.t

rlu n1,,::wrufiifium.rrinutr.rrn'lvni Inu'lUl,urnfiiilrlidsurnrini.rardwnlfi
r<.i{ur{<r<

tnrfl?1ll r duxluau'lit'1tn tgu ntoJt t@utr{ fl1}lt }tJ't gfixfi'l}l .n 1:0an ltuufo fl-r14

'16lrnn r:fior:ru1dr'ltcru r iuu'ir,nr rujnar,itr

ro EJlim.rcd limirioS v.luc (ELV)

Hydrologic d.sign tctle. ApprorimaE
r!nt6 of lhc d.sign ky.l for diff.rcnr typc!
of structutts trc shoyn- Dctign may b.
bicd on a Frrlnt.t. of $c ELV or on
! dcsign rcru,n Friod, Thc values fo. lhc
trvo scllcs shown in lh. dirtram aI! illui-
hrira only .nd do nor co.Espond diEctly
n ith onc lrlothar,

90

,a
80

Jur 70

E

E60

5o

r(m

500 ^,rg
tmt
50 +i
r<E!

PC
locT
5 E;

EiI

l()

z

0

:ufi r t rr rr':rdrun t:aan rruuur.tarn inu r
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{ 
"L.5.1 .1 ?'RalnR tlr lJu (nstimated L imi ting value)

I .. .l, 6u
!R1'tn iuu tll?l') {lJlUn lE {r,1nt 1fi?Un l taAn u!!yt't.tQ yn ?IU 1}Jfr'taTi n

r ua.: am ?{ l?arn ?xu 1?!.! tffn rirrsuuln lf.r cyr fiulfi.iruil ro{ifiwin.luToniinr
i .,s,.{ .G tc .' .n' .n.'ri frr4xn ixu lu l{ ftiin'i1 lili tr,qiti r:uu tcir ilur ia {fr r iu'h.t'[il'16'luvrrm rurr rn

fi.,r r tjufii dr ar rufi l druino nir air.r m.!x 1nl16i?lm l raan uurdrulNlidr r iuguti
i , u -, c

! ua \t tin R1?D 'tei?tU raan uu!ic'lil r iunu i.rrfi ittn tlcli5imoifi alrufiufili.: uri

fl1rl'rr0icutsriu"tH linlifiru::.rr.,'r. (ei,vl utrufi.rrirn.rqndrflufulF,ro.!!xnrr.ll0l

vrr'lomiuur * fi'fofi'ri'o fllur'tHrrntaunxl.rqrniyu-,i;fidqnii'aq dr.rnrtrlrl

u ttau (nange of uncertainty) ?oi ELv iuagfiror'rr, dofiolfimllaXn

m"Ntfl1.tqmiilu1 tovR?rrlrn'm':m{nlrirR?1ef rit:vrr.r'uo;'lnhriarinoifinuu

oi.u rntrubrr,'loXn n'r rltunc'r"6n''tri, or''l#dir.ri'.ncili'lfidr.rnlr'[rr-uharirrnn.r

,o',u oYoro rror,rd, rnr,', rrfu',or- iru ri,n'niluior rn'rn'irirnorflnuudl:rr ir.,li

nauuiriu

ul r nr tr for ta,,: inoifi nur"nL : v r iu 1 n v I r niu :f,uri,il,rl ufl .r snfii',., i"
'hj'lfi (erouatr" ,uii.*, precipiratj.on, pMp) rrnuiiilar6.,:4nfia rosr iu'U'[6

(Prcbable Maximun Flcod, PMF) d.r r iufi1trfiui $,orld t eteorological

organ izat i on ( r e83 ) lHiu trlrrgl qrin r q r fi ufu lfi irnr ru6 fiJiu rnrluifi rir t tr
i" ,-".,,i " ".J-n frtRalnnu!?l1.ln'lun 1IA1 lU0,){I ?n'lfil114UR?E.lE:l!1lln 1Xun1X nlna{nm4? lnn PMP

o rai tauin r t rn'ndiurufi I 5oo, ooo, ooo i i.rid',,,rrol, ro in:t d 1".uqu.n.y

Factcr) Inur.t: ur rn: r virriu t5 adr.rl:finu:auilnr:rn'r{imn pMp atrlmri't.!
.^t"{{{

n'u t!nlJt{Il l}rlnvrrJrllf{nt ul.tfir€'tan 1?iltt.l0uun 1l tnflll'llE\r pMp vta pl{F I hlj.r

r o, ooo i rilrfiu uriloepfi rndr:hiiilu5 rurr.rn run'rrr nu

1,d5.1.2 _?]nqfilll!1il:luEjf ? 1Iulav t 1.,r (probab i r i ry-Eased Limirs)

rir er,v qn1U1ufinlo.r Deterntinisric r da.r orn "trilrirn? 1rJil'trv r i!
?n{ ELv l6n''r:irromfnrgrunrrlrirreriu rianr,rr,d'lurYrl.lrn'lrrs:r.rriin.rrr?o.t

,J 1nr 1d?rn 1',aan u'-tl ?Jl.l'rnR?'uJ lun \t ?E { r urn 1:rfr1{ayn ivru ri: cfiuilcirirfiaun.r

:tnibgludx uia'inH .r ,r.,or.rud'r.,,rq,n''trrm, *,not, ikvri'lfinurrnrl:ltn'r
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lan'; rr,r nrilr lc r iutn.: r rrp r :rilh il tilaXnnr.,rqm ir4u 1u 1?ulurt niv irn rr i r n:r vf
^..l.ld.r{rtd

14',r {qyn ?ru 1ri1r.ivrflb4 ?3n'l': nlx nn lo { e1'rlJul a J t UulJl ncRn ?1 2fin 1 i orj
-",Deterninistic dTrllnxlliiLnltaontruuvrr]1x'ltsJ'[n0u'l.lsJt14?sJflntflu n1r

{ 
". 

, a . cit n:rc, H),droecondnic and Risk i.rlt'tfinairlri ':'[ttiila Z.z

rilr iu r rrnlluui'i r,ro gbd r.rnutniu fi r r iiuf; .r ovfi 'r nn1fi r n'nn r : gg r lu

iinuncvircrtmilr.,xfri n rroan uu,rnt:'lBrir eLv dru iu r t#mofirau unsn rif,.l

rn lu m {a'r Rl rRruprfii l vvrilfi r n'tra? lr,J l iuxlir t iul r intau n r :aan urrur,T :'ltrird
td

flaonrr -s-u um olaan ulJra8fl1.rn'uaan 1 n1 dn1n n1d1x1l0 ']R2'l u1tc!uu?E.r

r lrern l lnm'r.rafir 2vlu 1 acnr:J r:n'lilrir:auin r: r 6rfii r iro r 6an draan lur
J"

r nnnin r :oan uuuo rnr : nrr:Etfiil nHfi r .r'luudn{o{'lunr :r.rfi r. r

t C wa
tlul01R1:AanlUU 3 lSnum a1n11gU1R tlQ (Major) a1R'llul'1fln61.1 (Inter-

a { -' .-
mediate) trflla1eltml'lnrOn (uinor) nflfiBlE{fl211lrfi 141t aCtnf.nm1fl'llltt

..'<ta'i
n{ rrf,R.t 

-hJrJ 1t:l't d ?l.rn 1taon trulJ-[ugtJyl 5.1 r lI)u?lJ1nrnn e21lla tc ']ft 50-1000

/ri.,.,
rar ml-iln 1rflf,.r 40-100 {n ra;r ?nutu'rR 1,14}& ?rl]1flfl? TJalJ]nn ?1 50,000

ror ro{-{ri uia6.rlrnn'ir roo 1n Inudr .r 'h.t !1mrr,r:urrn}qjfii.:ocfior:fir?'r

ovln.:irn r': fu r F.riinnnyyrlrtihuatir 'rr.r rn n :n'a r r,r:urnn nr lf,l o r o.,i'n r :*u r iu

iintrr myo:rrrriuuruaqlurnnniirhrra{etirr:oiunrrc't}11 aiuirorr,r:wrnrin
, a . sr< d d. { .{ . I

aSna 21 ortfr'ttfrurfil]!1n tncn?1rr nult'tun fo fllda rrt!
j

5.1.3 ll2lnnryln=u?ni.,nril=Ull (oesisn f ar warer use)

-l ..
nrmanuuurnu?rYLn rr'lHiiosuiluflit]a.r r 6lllfiLn r:aan uLUr +an 1r

o ti.."' i r oo'.
Rru mJulyr'r:J [nniflallru']n{n rruul ru}orr wayrum rruyui!'in r n'u'lu riia.r<rndr.:

rLH.u'tirl: cu c r rn r'lrn r: r n'nfiu r rlrm'irfiivilru in o rd r irs.rfia {nrN nY{1ugn'?D!n

qv,n iruri,lXffi'15 n r:tr r tfiuRt rlrrfiroan uuu (Drorght Desisn Lever)

Srtrnr':irn:rclinrandilyri'lHumn'ir Inuroilrrllrfilr:rurn'rrurnr:obonrtuuirn'n

^ rw c . ,.'"-inrbdltiut -inryo-,r.r .t i r gux I rirrf,tn l roon lrLU r srrudlHii (water suppty

Des isn ) 'lrn r:aan ulu: sutl<irufii1ur fia,,! qrfio r:rurrrn d:.r uH.r in qnm lIa1#0fi io
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nlii'tvl 5.1 rnrurh r raan rtuulnufr r .l'lu dru iua r r:r :nrumrili

TyDc of stnlcloIt Rduln Friod Ly.rrs) ELV

HiEhwsy olvcrtr
Lrw lr.Jfic
lnrcihcdiarc ErrIic
High l'alfic

Highw.y bridScs
SacoDduy systcm
Prilrlary systcm

F.rrn drlinat.
Culvcna
Ditchcs

Urbrh draihata
Stonn sawcrs itl small citi!!
Storln scwcls in LrEc cirics

Airliclds
Low traffrc
lntarrrcdi.L Ezfiic
Hith raff'c

Lrvaas
On famr
Around citirs

Danr with no likclihood of
lors of lifc (lou h.ard)
SDrll d.mj
lnEnncdi.tc drms
I,gc darhi

Dsrns wilh probrblc lo$ of lif.
(siFificmt he2rrd)
Snrll drt!.
Intarmcdiat. drma
LrrEa da,llr

D.rns *irh higt lil.lihood of consid.nbh
lo6s of Iifc (hith h&lld)
Srull d.Ers
lntcnndida dam!
Lrrgc dels

!r0
t 0-25
50-100

t0-50
50-100

5-50
5-50

2-25
25-50

5-t0
r0-25
50-r00

2-v)
50-200

50-r0c
lm+

50-rm*

lm+ 50q

tm*

50-rm*
tm%
tm%

n r#uH.:fi'qnr rirfi'r mrilufin1t5 lruilqr:ruljroch'ratrr:o.irgfii'Ifi r itl.rrpfi'rnr rl
!

Inlnr:nnaRdx r ?arfirfilr,lir;ri?.ruH.:inqr blnlnm.ridtir.'rinqrin Eaanuwor

lri['lrir,rtrrdu.r (nrarl umiaurrir'ln lr:rcriulrraanuuurrnrrgnrr:ni'luafin
4 . { i t .< w 6)

t ytJ\, l 14in'l ltllt RU ? t IO M inJn tlA {n.:na1?-[nlln 1':1{11ftll'l'.Dn 'l': th, t Rl,I!$}ra{n

uilrnnr:lnnmlii (svr.n".ic streamf row Generation ) lnu'limli.rr rni
a{

lrnv'iill1td5'r.,rrrrutiaulilruoi (nandon Nurnb€,r) rfia1fi1HTDXflJir10n1':hn

H.rrn:r#iliro*rifinfiruloXnluain'luriraii tnXnfi.:rn:rvrifi.rnrirrlvlfiln4a
curl

tn-u?fi!n:11l roc r ium.in t toan r$unt tlrtKr (sirsch, 1979, salas, er aI. ,

19so)



m4 rLcu

r.. r,rNr4,l- rlnlr u ugg LUnl-ulru 1L r4nL BL B\rHLsuNLljuEgu0uLA ultL Er,& u,( buHlLL.r,,t$ u L NfrL t{ ra u, 
^ti ---- -- -"4'- - -_

f I o,r fissnLuurfl]laNBLul or LcuuLr{.1ru[r-ttL.luul E65! Cntr]l][snnt

n[nlgri[sL.mi nF r lIr&]rq[BL rr4 s tu t^Brr.B* I 
lqys ruu!.glouu I ltL,.Bnrl u @eg L u

ssur.Lnlg b n@eu'rfi*Bluennnrro,,ur,r5,l.llNntsglruutnlrrLuu!.lnruuBsgLulirur

g ez nrnrenuftq$rEntglu$nlflrlrLLuuL I, oor-06 uL rm.ru.[qLmgugLrrLp

r4[nmrueeBunHL.[u,n*,n,*nrru*ru 5! r,rBs s cuulrt unHr.rsnl

uug{]. lte r ]L[{g LusL L'z'E .rsrab

L.nryc rlu rlupLu[cru rpeuru r g

sLxulr r.s€ rrL Lur.(a,- ru 'l LgL Bllsfrlfle I FL r,rs tug! B. ts e pi i , ggE BllsfrlretlLt'tstug! qlLnrnn 5 nualtcu',tbt'ur,r

rtmueeL JLr{gLu nr-*ubnnnueouHnnlrqtuLgtunsLtufl:unnmrusgun$EJrBsuLuL

sg rnlnr,firuruucAulu!, Lunpas l-t *Lt{otHult Lrisauurlnn u@sgLunu[EAtillrI[L A1s tu

rrgrrsLun]qi]o 
^'Ia 

Lu RLugLur.rul ertrcLdL enrur ueeluueupuy6*lu I sE tnltrus LuM 'st 
I

slr ruBrlagturlst un6ruLs s Lult ulsgtts LUi, sunuse! L ury nu.lsunrcu unau Rnr.unUlu n

,aLuL*, oqo,rnlru suuuna srrnmue@cLunguL ri.Lrornnmugeg LU,tua g

11a,re1 u6rsa(I aqJ to trorlcolas) rumUOe,UUnplfUOStfUUz'9

ruer ftr E NqiL ql,rguubl unnrutuseg u u

nsua gru$eauunrqhLlNEfrrlhrllnmusesru

.lrtr L.lrunrusLurl,HtBu 1s LuNEnLcu L.[L.unL

url s L uruL frE uHr E rfluA s L unls L u !. EnL cu qmtl F grL.ls r ur o1ru ru ngt olu.[!.pltn

rurar nllnslltlrmsLut qUngnuunuu$g L npL"[{Lt llinunntutltb (,(rTptqm,r)

ruirucu nF l L nsrg$lsntifu esopg tBrL.nnHAs surunlsLuL!,ugnls |EtuuLuuen

unlrcur,tbr.uuuftq (sp3oN AorJ urperrsur ) L.IL.untL.M[sLu! errru rurl! !,t LJut1L.unt

s LUf e{rL.$nrgniGs o,fi }e rttLNEuIIeIr sLusE'-nft*sLunul L"*pEIL ep'-]'lj-uPrun

'-utnHle[q{ taun L.nuLB gLuuu truugu u1nur".g1fix1ue Du!5t[iiLEruurquc rurlu

rru miEu $$,ls[lulr rnLALt(olrna! (s]q6Tu ralel4 Jo rro,r3{Ir"rJ IE6a'r) BL tt4liu

NLr3L.ilfftSLucr Errulmincuutluu.1ff tsturlutBg tLEucunbru,,trm'Jeeg uu

9-9
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ad < u aw
nrr,?D rar rrrnn wltrrunnr:rfi :uu:.rfi aa'lua6nr fiuri-oonuuu i.r

3 < 6 1e u .lr .q
Ian1dR? 'Eiu11! r tllr rfinnrl0l-lu n ul'til4XiacrRMnn? T4lA r 1R! r unn'] llw?l.t.tl.)

fion'lu:au n ifidrr,arodr.,rfiouuirni.r lcniuro'lHlrnffi nrr

P(N, n) n
N+n (5. r )

fr.rnrrufi .r'irnr urjrovr iufi rrnnr:oi1u n itr.rvfirovlnn'iruia rrifir
,. ' .'e -t ^ . .t. A ' -
u1?l INXX fr? 1lJ tutm.uqa'tulau N xnluJmu'l{Iotl 1 nlt avtytlnu 0.5

firtir.ruH.rinqn"lu:au r.r i &"dl{:rucr ra1 m i o.:14'rrr?'lrJ lasriu

p(N, m, n) fi'rir.r,tfiofi':uu:rn'iri'rftilfinqcrfiroti'r{fiog r nYr'lu n ilir'rrafiT

ahu?u?i?{mfi'luNi

rrns ihu:urir.rn,i'lunil

fi'rfiu prr,r, *, nl
( n-r+r1 )

1N-m+il;in-dlT (5.2)

n-Il}F1
tNa

N m+ 1

n-m+1

n>_mN+n-2m+2

tl-, 1 ilJn'rl (5.2) rvrxiaufiljdiln1r (5.1)

firadr'rfi s. r firrir.:*H.rin
6 I {iqnlUl0U 40 U Ig?.llCutt'ln1U1U 5 U N.'T'I R?'IIJ

rirqs r i#rir.r uK.r'ho'n eo iEr.rufi rqv :uui.:n'lrtir.ruKrinqnfi.rnrirr

a'lnrtunl t (5.2 )

P(40, 5, 20)
20-5+1

V6l7o11-xs+z

0.308

m

-aas.a.2 !l,J:!3!B!llll d!t.r (Risk Analysis)

nlmanlruua ir,'lrn?uqrtlfiilyfia{f, qr:rurn",:nr r! r fi'udi rnrrnruqurili

a'laf,lll1!u1r'fiiriar'ludxo rqnrr'l[.rrumrarnr: r fiun'jrtmni'rilrrrfi :auinrr r n'nfii

fiaantou r,i ru r du.: funr rf,{nrrro ::ug ri?a larniru rdu r:n niulo'lH a 1nflrn1r

R - [l-P(x > x- )]n- 1r
(s.3)
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t lla nr rrtirocr i!,i rrflri'l:ol >: > zr, ac r firEdr.rfDsvi{nY.t

tUnU

ria rr inTauilnrttfinii

R

P(X > r\

,

Tr

tm

5m

2m

lm

a rqnr:'lUr rum.ro rRr:

nrufurfiudrur'lir R, rr mc n rldr.ragtlugrfi r.a unfi2adr.l

fi rh lnr raa nuuu'Ifi r,ir,r trilr oc r iu go I fi unnfiiyi'lu octi r fi u m.ra n u,bm nfi

aonlruu1l 'ludr.ra'n ro fltr.rufir tHo.roanuuufi'ryirllrrtr'1fi:auf,nrrrinfli roo i
ruilhua!'lfia:rrlrfiu.rrilJriu I,o I :auinrT rfinimorur.,u-.,lrvirfiu eo i niaonl

nr:'lUlrumrarnr:ocrilrrfiu so i riuhu

g"
t-
820

Et0
c

5

t0 m 50 tq, 2m yx) tm
D.si8r lit , (y..n)

!.{2 fl2 Ar t nu {1l UrJ1nlJ'tr An li t n! !u lnIl.Iyl IJa0 n uu

atir.rhu r nYr 'lurir.rorqaanrrru

2

S

S

^ss.'
S !sS

RirI I 
sS5

i-r_(r -+)'
--i.0.63f6rr,

rrx, hrlr , ,

flri 5

7

q5



n2aU 1.lyl 5.2 viamrui"ar!'lBnr: ro i finln'llrrfitr{ ro I fimrrniliilxJrvrn'r.l

tnrrnviam nfiaa nuuu'lurir'{o rs'ltnr r a{x l rauin 1i r finUioa nrLlu rit rIanififl2 uil'r

oc r iufi lurnfiiilat6' n ro itrluil i ov "lr.i r fi r mrr mia na nfi aa n urru l nE'lU :o uiln r :

1 - (1

5-9

_ 1,
ar'

I nm'114R'tU',iO Li

autt I

NU

n
R

0.10

Tr 95

1 - (1 _ 1,,
Tr'

10

50

0 .632

il

n'l Tr ss i fi?urdu{'ludr{o1q'lfnlr 50 im.{o'tn1:

- lt
95'

nr lrrir lc r fi !fi ilrnfi rvi ni'ludr.r r o iltrirfi il c'til r fi l tnr rr,nr tr o ro.l?io ao a

= 1.00 - 0.41 = 0.59

n

1 - (1

1 - (1

0. 41

n

nin?:Jfi 5.2 ouriulHirfinrrlrfiu.r n 'ln .)

.,1

l:Jo Tr mV n ufi 1rJ 1n nr rr r du,':fiyi'lfi Tr=n

r' qvrilrriurKunr.:

ocrrlHlf,b Expand

Eftn''t 5.3 flAn Pcwer Seriee
i -' ..-x

t Ia n !f'1 1n tRRilU

-n/trn- 1r
Tr' e

th Tr n

R e

snFradr.:rtlu finrlrrdE{ 53.2 * iwla[iviar'iu roo ilrrufir

lcrfiuilrntiviil1u:au roo ii

6{uil drosr TJ r ro niu:ovrnr tr liltriuouvrr.rqvrnivru'r (Hydrorosic

uncertainty) "lunrmanruu'lfr udnr utirrtjroualn6lrxtn{u i '.Jurr'iu2o'tfiH 1n

r"ln unviln;asivlrfl rlUu$or ro inr uUno rfiu (sr ) viadr.r r fia nr lrumrS'u

(sarety Marsin, sM) "[unr:ao nruunir trror rl'lriurirald r.r .r fi'trildr r riu

1
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(9'9)

uLu

(s'9)

xp (x)J (x)(rt
,&q

uMnflrt,t ( x) o BLr,tBp tnLLuLunu trp F I ^

nll I auLnNL td l. EEuJuMtulL ti tau FI

J,T.
!.u -"k < x uLur gu runsLut't rulLuLt,tt , --

uLnnLUU l^u x uLn'r$^mt,4L.nE *p(r)+

(lscJ a6€ueo lenuug p3lcadxf ) flgUUl

< x LH BLltBE 1rfr- cuuu ! luur t& t *
'\ e,rnnuusem.,r,rL$urrutll {, NL,uL"&ug !

r "LuLu!up1r (p) s'5 [irt

Eg r,t
F

AULSULUInLUegnsUU,BU rNL t UUU'q.

rllElLtrBB I nL sunAHlfrl^|ue u.r; u

s Lugnes$l^NL,l L.lulgLuu]r luu I L llRrhBB

ulunuu,rnmce uuu uur&uu uglnElu r&r lSL.pg I s t u[nest mu ruuu I ]L et,t!:rL t,tnp r

NL rULUe UXr.t lp OULU $ qr rtL gUMLlrg LUB UILC UU 4nI I ES LUnrutUeeS LUtULULU l. cn I

r.uuullrlgriu r auLLuLu r,rsL 4EN rrn cuult ,q.l^orrJLunrlpguLpLuts nmlue&.[ tit''

uu rsLU[flsgn{1 ert] urtltsx*Iqnlrgu!uuritarrcEueuu b n;lpgruillt rug lL!l qL!4

qp r NL Lu !. sruMA un ug t lugtu nr,tc ur,rbsumr uurir,t r r mnft r:N-Lnru ruf L H L.*rr^ur Bu r 'Fbtsrri

; uuur,l6nc u nu r4,te u ru t ce uuuuugLL r,rau rNrL |rA r r,(1.#u I s L upnst

(sts^Ipuv crurouocaorp^H ) [lngC nU t,CultUrJiet U r r.U@a-U-f-U r ge Un e .2. e

Rlu euEM" tu ev I $,-E1tr t o( tuEN&1.*nuas uL u sfu

6-1. hL prpsqearr eg ! autts,ru.lnuNBfinununmtueEsLunL nEl hts Egu surlr& Lu

eM MERLHuinSs[ .{S sgtrsunM. ru,s EU luultBtg r nrie Uurur1q1ur,r8u J ftruluseLu
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RrN'tl Friod (yta,r)

5t025

0.2 0.t 0.M 0.02

Annu.l crcc.d.mc prob.bility
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for avcnts ol vrrious rctum

$ tq) 26

0.01 0.005

p.rid..

5m

400

e
E:m
e

E2@I
t@

0

m

?0

60

e50
E
Ero
610

20

t0

0-5

(a) Drm.t.!

OFmun &sign rtrlrm\
Friod (25 ycrn)

Mioimum total cosl

Drm!8. risl corr

= rhadcd arct in (al

0
2. 5 tO 25 50 ro0

Dcsign lclum F iod (yc.rs)

o Risl aost o Capitrl coit a Totrl cotl

(, ) Hydrocronomic rn.lysir,

7@

rilfi n1ru'r rauin1 r r nnt'raonrtu# rrurIrur 1nuiinllt,r

i r nrrvrimr.rt rl'iu5rirnnir fiu rfiufii

(fimdrrfi r. r)
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4 r .t .a<
fE R1R? 1lJ r fltfi',lUU l Y a',Mi

.q{
R1n?143rnfltll

60fi failuvr,ilufi unr .r r'l'l'lugufi s. : (a)

rxB toulnlt

a'rifinin'lualn r r

5.6 rsil'lliilft,n1rui.:til.r,, \.
atr,<.

aan ruu!?nuau 1 un ?airfl'lult!11'lfl'lfl? 1lJ

r .-i . .I - .
InHrlU t Ca1U?iR1fi? 1aC r nRftfi',r14 tU r 1'l?n1l0r tuuRn!f,l.r r !u fi'lX1!!?.t

*i- 
1

< x < x.
1

x I D(x) f (x) dx (5.7)
l.

! .iR1 I RUtl I i,X 1otfio

*i-1

lD(x i-1
A

P(x < x.) - P(x < x
I

i-1

D(r. .) + D(x. )r-t I lP(x < x.)
-1

I f(x)dx

- P(x > x. -)l- r-l

) + D(x.)lI x
I

D
L z

i-1

x

- P(x < x. -- r-l )I

(s.8)

llfl I Ul.l11fl

[1 - P(x > x.)]-1 - t1

P(x > x i-1

D(x )+D(xi-1 1

- P(x > x.)-a

aJr Justn-.1i (i.a) lmilHir

AD I lP(x > x. -)- l- I
- P(x > x.)l

-.1

. < . *.,1 , . t . .'
rtn]fl1R?TJr nE]r 1UUl3t'1LtvrR1n? 1aC t nRmJIruA1n1 AA nttlruri?U laUilnr: r finili t.

t! rrlnu

2

I tP(x : *i_r) - n(x > xr)l

( s. 9)

r5. 10)
D(x ) + D(x. )Ia

e
i=1

i-1Drr = 2

r i'oui o- "[rJ rlrfiu :r nrdrn.lyudor(5l..,a 1 nr #unn r iu: ruflTr
(Annuarized capital cosr) qctrir'lUdru:u :ouinr: r n'aiiao n uur.ryrJ r nrr ca(rJ

r , .,i"- ' ..,flon1X [,tR1 ttl1u t?IJfl1f,fl
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(.q) e's untnlfralepr,t:u 6 t.*psg B l !.BEnLrtrBLuAtLuHlau

nt g LUL stL gp sulr4l.uLurluNtg ru qL 4Bu ! r0. Lu eu]qu r EL cuLuLneN t 5 p , i ,.1,
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efi I NUUUAUBLTTRE 1m- t U @Nq$1ru SULU

gtuteNlltll (lsoo {3Tu a 6Pu'lec)

un[leuiun (9 t,(bo[ lBuExul EEn) [@J 860'6r g
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Z
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.{<'-.r
n1tniu1tutau nl:rnfl 1a0n[ ullt r']crtJ tiu26n1t2t flr1y]4111n

_ a< r .l
r r{7u!fl'ra{ni r nu lnu!1 (4108'r.!r4 5.3 )

n1 i1ny1 5.2

Colunrn! I
tr.rG,
Itlaal
i

7
ndcrn
Frlod
T
(rctrt)

3a
An ol DrDr'a
crcaada r
Drob$ilir,

(t)

5
IlcrqErtd
arFCl.d
dJt
(gfar)

6
Drmr3c
rkt
coal

6t..l)

7t
Crplld Tol.l
coat coaa

($f.r) (gy..t')

I
2
3
4
5
6
1
t
9

I
2

5

t0
l5
20
25
50

tm
2m

r.0m
0.s00
0.2m
0. r00
0.067
0.050
0.(N0
0.020
0.0r0
0.m5

5,(m
12.(x)0
t0,(m
5.2t3
3,250
2,3r5
5.5m
3.5(x)
2.2$

49.098
,44,09t
,2.09t
22.09t
r6,&5
13,565
I1.250
5,750
2.:50

0

0
3.m

l/a.000
23.000
25.m0
27.000
29.(m
.0.000
60,000
E0,m0

'r9.09t,r7,006

16.09t
.5.09t
ill.$5
40,565
10.250
,45.750

62.250
r0,000

0
20.0m
60.0m

t{0.m0
l7?.m
2 r 1.000
250.000
3{n.ux}
4m,000
56,(m

Annu.l .xFcled d.m.tt E t49,(Bt

rbnrruriluuru E 11,250 rbil (28 f )

n1 :i1 fl r'ril&11.: I rlrBjf, ldnim{fiilfignuilrfrj : vqn6lUfiunr:aonuuurir.r

nruqurtiriur frufiufii nr.rtrr vbna nlar ri dru lun r :ilrurar rr r durru r da {nrnti
aa!?r?u Q!f,o{nalrru'lti.!i?.rr?nlunuritlsrlfliro{n1trn'nfiiviumltunnr:rd:au0nr:

rfiniiir.r'r hru $aufo.ifin1rd'r:iflr1{!rtralfildn{riLrL:vriundrnrrurtuurs
<t-
iir n al rniiilirrr nr1fin'l.r r h?u nrnJ:vr iuXnrirul.!H{ ru (social cost) tE itfii
t.i.j

1'l?U I lJUt t0itxU'lnrJln u.s. Army cor'ps of Engineers Hydrologic E:ngineer-
o ---ting c€nter ?l Davis, california lirlE[J'l lultlntufa lltflo:f,1x:un1l?tfltlv$

. t i . .,i
x1{ldrUStllr{nirilUrft-lia.riii (u.s. army corps cf Engineers, 1986)

DAIrcAL (Damage Reach Stage-Damage Calculation)

EAD (Expected Annual Flood Damage colrputetion)

sID (structural fnventory for D€mage Analy6i8)

AGDAU (Agricultural FLood Danage [ra]yais)

SIPP (Int.eractive Nonstructural Analysis Package )
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5.) n't:it nrlufn?1ulrjrnjuolrnifi# 1 (First order Analysis of uncertainty)

n? il'lrirduauxn rdnfi'lticrlr:n!:c r iuaanur rir.Hr r nnlfi unFmdr.r

r *'u t : rdl.rr:nRiurrurrurnila r iro :ru rufiiviril'lfiT miiir,r rtinnorn'lill rn udnusfi

.1 
"-'r n'ntrivirua r lidr crr r EnftJ rn?iam n vri'Ifi: cu rufii'lHflaun{'lu6irui'hitrlr:n nrn

oixufir"lH nrrl'tilurjuouur.rqv,ninururjlaanlfiriu r ninrn ?E

1. nrutiuriuaunlrrrrxnlA (xatural or Inh€rent Uncertainty)

fl'.1 r fino rnnr:rul:rl:iuurruu rurioutn.:u:rn4nr :niu r lqvrninu r

z. nrrrhiutjrcuta.:fur an iuoa"r uncertaj.nty ) i'.r riulrnornnr:'lU

rtunr:uiafu r no'iunr m6uro n'., rr.r r flu"hJ m.rr..t:rn4nr:ni

3. nru'lrirttjrcum.:nr:tit rm :i (paraneter uncertainty) 6'0,60
at

qrn rir&ru :vAuG m.:rrin r ri.rlri [rirfi ufi oi.r r du rir,,1uiln r : Mann ins

nr rrl lriuriuaunrslo I lrJi r;d11 1 :nairl ru'tIh :u*ln'r r 5. 3'lufi rbf, ovlfi

'<no 1 ?n.t fl 't "Bt l,tJ t[ulJ8u?a.: t u r t fl lln c]r't I 1I t 910,

"-.' 
.{ .d

n 1 t ? r R:1 C1401 1l trrruuaun1nuyt 1 fE ?Dn'r r tunl rJ ral Trfilfi n1A',i1

c - I t-,Jact U (Ev.pected value) mlfif tuJ:n (DeFendert variable) i.r r iluf,l +iilU

. a ,i-{
mlfirtUi:a-d:t (Ind€pendent variable) Fitlfyu{n'llUlU

auri'Ifi riuf,.rriium,,: x

f(x) (5. l1)

F'r w o't1An}{fi 1n"lrq rn a dtrun iO

-,: a61. 1{.: flXU f XtA L!tRnolaunntE{

2- fil x A1Qtl0nm.,

'lunr:ir n:rc#rialuiosdrrli'ir1rlr nn r(. ) Yonn n

x=x
;'= f(i)

all6'1fi

(s.12)
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firdr * oirrir.rrrn i lcu'flsfli1firir , i'nnnrntj f,,,rrlrlr:our'lfi

lfttnt: expand f(. ) 62U TayLor series lolJ x = i

r(i) + *(x - o, . i,* (* - *'t2

2

x
_6 f .(=--)
ox

n

(s. 13)

(s. 14)

( s. 15 )

(5" 16)

+

ua
t !ARl?E\!0UIUE

2dfd f
dx' 2dx

2

ovur'lliria'Ifi x = i
,.,, . {..

n 1$a'r:ru'l ?'l I ?totn 1RU?'l 2 t!8;lJ1nn?1 R'[J0t1 1nauflrM{ Ln R1llJfln]aln

tD it u 1! t I'tnu

w-w df
=- (x - x)
ctx

4..-{
ult lllw f6., f;?'tllflnla 1itrr

2
Sw E(w - w)

E
-2(x - x)l-)df

dx

2
xsr-91r 

2
dx

2

x
2

S

s

iraurr iuudm.r x

6arirnr irinmrrulnr!'lu'[un, r:J:c r iu
(Standard Error of Estimate of w)

'lrrvriua.r r 6uri'ufi neirfl rrfi rrslH'ir

tra

fi r, riuf, rddu?8.ril?rnJ 16r(r #hii,ruuifilmru I fi r

"2*2

r dll

x , x2, ....., x

2

n

.of .2L-'
d*1

tet \2
' 6'2'

2 s2x
n

S + +

-\
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5-3-1
. ,"- j d.r' . c, !

n1f ?r Rt'lcunlmJvt 1 ?E.tfixn1l Manninq n:ffinr trfrn r iufirtrl:nu

drrn'r : Mann ins r iunln -r il'liurrrr lr6nm.rfii r ianiuurniil ronr :'lua

uiannlilrn n-,:lneta.rfii r iani urrn't'trin frufior:orn",r[:n ']u (Re6istance)

nr:"[ua'luvrr,,rfirir r finornnr ru s: t:;m.rfluvrr.rfii Hmilrlnr:'iiarrnlr Mannins

'lun r:aanuuuy rlfii ?onr:nrnrrl6nmlnr:1un y r ianiuurnlirJmnl r'lxfl I
d.il.d. R?lrsrsr: ., ::Jirluntnrunrnryiroly;r.:fii,fi0[nluinm.rnr:1un
c"t{.
nnlr'r ?0u1 tun'trrir.fr'tn?tru taonruuo'u .r'tfi r glu rvHunl TJd{n6.: xi0n l ln'lfiun

-{1bc{t ?,nt.llvl ?lJ tUn l lUaSIl2lX llJttllUAU t ,J'ilJ 1 I nU ?1O il I tltJ t OIilUn 1l t nan fl'lll ltJ 1fU

n'l:lufloAnlrulJ fil d.il.d. f,?'tlJ?J:!:i Marlning !!ng Fr.iction slope sr f,.I

. -41 ,- o.r . oo" .J..
RlUn{UlC flUAUR! ?Dn 1l R1U?O nlml.r1UI43{RRA Uniform Flcw (So = Sf) LtngU'ln

t+ < {
UJfOnl[! Steady Ndrurriform Plow ]110 Unsteady Nonuniform Flow

n1l1r R:'rc14R1'lr1 llJuuuaUa'tflui r drtrrn'Ifi!:sriuHamrnrlrlriu Uoum.: e, ,,

tlflg Sf mfl1 y lR

aiiiuu:r.1ifior:rulrom { e na y a'rnfl0Jn1l uann ins

1.49
n

1/2 ,:5.17)2/3
a AR Sf

i {C"'.-
t }la A fnmtruu-tftflfl1l tun

russ n ?ninionrircn#.rilrog'rudr y

,{.vdlfrfiqrrorir y trraqjfir.r q rfiu.!firr6gr n'rndrrn'r, (5.15) rs1fi

', = rf{r'z s!S

Differentiate

lJa

1dA
'Ady

g ?oa'n:rnr:urt:nrm,r y iiarir o illHoinnrr
OQ

dL
Q [UftXn1t 5.17 Ll4tiuflU y

(s.18)

(5. i 9)aQ
ay at

2

3R
dR 1dA
dy Ady

t ?r0l.l t 2dR
lRE m.rvrrrfii:rJir.rsir.r.r lsur'tfio lnnl r 1{fi 5.3 a

ttvu aQ
Oy

n.,lu$Jnlr 5.18 ac'th



s2
v

s.,
-=t Llo

2
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Q2
I (s.20)

a 2

d. .d, R?'trJlUJ?Ut?U (coefficient cf Variation)

2dR ldA
3Rdy'Ady

tuQ

?D.I Q

cv2

as2

v
(s.21 )

(5.22')

,2 dR 1dA.2
'3R dy A dy'

fir o r:rurn"lnr tl1ilrriluaum.r Har,ning,i n uflg Friction 6lop€ sf

cv +Cv2

a n
2 , !.u!,2

S
v 2 dR 1dA

+
2

nr:rrfi 5.3 fi.lr{ium..r t

3R dy Ady

2dR
3Rat*

1dA
Eat mtrrlfii:rjixrir.r r

S.clio6: Rcct!n!lr

*T-
TruIt.roid I'.i!ngl.

T

Cnch

-T,-.

-D-

t

I

t
t
I

I,
I

t
!!

I

I-A-
t;7

zdR I

- 
+-lRdt A

dA 58. +6t
d, 3,4E +2y) lne + ryYo + Zyffi

l8 +ktXSB +oyJt +zrl +t2y2 tl a2-z 4 2sia 0 *!0 - 50clr e8

3y !d.0@ - ah 0l sh( 2)

*t-'e,o=2".-'(,-?)
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; ; 4. - { rb.r5.4 x1.rii1;!drxnsuiu[rnl1.! 50 r.'|fi l,ilvlniiur,ltrnrRrvt 1 ?; rlvt!!

sad4t
? 1lJ tlJl0/n1:111844 nutrule1 5,000 mJ. ttl/?U'l?l !ltO Manning's n lJf:1 0.035

rir d.U. d. fl?'rJrt l! tiuto.,I;&'ttun1r lxnuny Manning, " n fo 3o * unv lt, I
n1rrnifiu a.ty rfi'ta1'Nlt'nm'tr[J i er:'iJ']u'lun't fli r c r iuril n? 1x6n tn.rn r:'lun y fiu'

4 -X - { - -.iirur.ilnoqiiuvrrrfiilrnra-:vfruinri-,ufl.t 1{ri ryf,a:rfiufiifrn'rurrulfilrrnliurrrnr:lr,rn

aa n ru../u nql:u r iuIEn ldnr rurir oc r iudfiilsviilfiru r do.r a'rnn? TJ"lriufirau'lufl 1r

niurru:sfiufii suliir'irnr :'lun m .tfii r ir.lul un irorm

't6yt '')
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5ov

50v l{ri( 50 .+ 2y)

141 y l1nffun 1l Manning

1.49 2/3 1/2
AR s

n

nr - iltiA

R

a

5 ,000
1 .49
oli-:s sov tff|2/3 to.o'r)1/2

Y = 7.37 liu

x1fi? finfln'rrt!1n:J lrr'lun'r:lJ,v r u'udr y

) -. .alnn'trlw 5.3 n1uzuvl't.,uiaJfi rufiuufiufir

dR 1 dA.

- 
r, - -ldy A dy'

lBl-6J-
3y (B+2y )

5x50+6x7.37
-txt 

.317{o+-zxt . s7 )

0_ 206

CV
a

30 t

CV 15 t
n

2
3R

cv sf 0t
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2cvcvf,*"v2 *f, 6f,2
v _2 dR 1dA.2t- 

- 
r - 

-l'3R dy A dy'

2 2(0.30) + (0.15)

(0.206) 2

P(Y > 8.37)

.i.
a1nn1r1{}r 2.2 LUvlAyi 2

z
(0.6r3)

1.63 ilF

z

0. 73

e12 >.tt;J.!1y
1.63

P(Z > 0.61 3)

F (0.61 3)

S
v

!1uas0nulu2 01R?'t!nnm{u1 tlJvl"ritu'')

aurfi1fi y inr:urnuqruuu]ni i

7.37 + ',t.oo llri

E.)7 {n

Mean = 7.37 tlti ttnSn?w

r ul '! I ulJJ "t ri l: 1u 1 .63 r{n

1fi
Y - 1-37

F

z

1 - 0_73

0-27

uuto P(Y > 8.37)

i.,rrl"lH'j rilon rdnr rlrjroc r iu zt * iiliqwai!rur do i q rn nr ril hi

ruriuou'lun r : niurorir v

a.lu
fi1Rl1x]llaE t Ul41j1UaUnnU1]1?lllUnlBU'l',! nfla 1nRl'llj tlJ ttUUAUtD.l]'l11lJ t 9E I

r'... 'Y , ri. .,i isvl-[[RiuTUrxluu R? alu']ac r !ux[Jluas0nnix2l.l ar\r asrj'rnn? 1 27 % rua.!t1nriL0n1f,
.l' -",xgu1flu1r42 e3rJ1nn?1 5,0o0 nu. n/?u.rx (R21rJ uJuruautilro t n1n)

l'rnfi m d 1.: Qs r fi ulfi 'jr nr artjurirou'lun r aJ : c r iu e uov n lcri'Ifi r fi n

i.R? UJu,UUAU runl y fln1u?fl'lFmdJR?: n?lXil'Rln1R rl % 'lUnr:rJ:stiLrdr n =



4 {r I

0.03s lvri'lfin'r n aleinrnl'l o. cr,?5x0.15=0. oo5 lltfo n tr9}11,'lDH r Jxl1n 0.035 t

o.oos irinrtrriulullllrn n?1xiniln1n 30 I lun1ru:triurir q in 5ooo ,
.t4,

o.3o = r5oo flu.Itft/?'u1fi niadr 9 = 5ooo r 15oo nu.ln/iurfi fl.rrir.'tUlfi

trruiu 9 fi':auinrrrfinfli{.r .r rriu roo il

la r du m.r io'n r',dn,i''r *lii, fi ru r.rfiihi't5i :rtur.r r : srnin ccxi'Ifi

rJ:vtiudr $ unv .-S 160',n r,ocYonlu#jr y iruaqjfiudr q rvirfiu arr"tilcry dy

riurir n:fiilocnurrnlildrJnrr (5.1G) 14'rn1 s., lH Inunr:ilr:otir y rflu

fl l tiiup.r e unu n ufi r'lfi Iu :un :lmui: r no {lina.rri ilrn;n r : lun'lurr.rfii r io

rl:criuvr l{ uol fi irnilHlnunr:niunurir , d q uo, ,, rir{ I fiu

drr.riufiratir.r s.rr flonr:qina{udn.rag1u3rlfi ,.u # uor !} riurfun:llau

rJ:rlrru fl.rriunr:dufiu{ncxriiholnr:lflrviarrniirLfi r'lunrrirn:rcfnrrr'h;rriuau

(fi1nr'ril y vs. Q rrnt y vs. n 'hirfiurfun:.r nr:irn:r#ovfio.r'lilrvalni5# e

'lu taylor series Expanslon Hru)
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Mrnning's , vrr,vin8

8

0.0,15

E

o
'E

0

5

.0d

o

0

0

6

5

:
e

,?
I

4

0.030

tlr

5 6 7 t I t0
Dcplh),(fr)

5.\ nr: r rjfiuuuiln,! flr v ntrdr e lrav Manning,s n

(firoilrr s.t)

0= 5000 ctt., = 0.0!5

Q v.ryint

1
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2

5C00 x 0.3

0. 035 x 0. 15

0Q 1028

un3

n = 0.035 rriou'luhmtir$' 5.t dnr1n1?$]:rir q n'rlrir y arngrti r.4 ;E

!$ = roaa {n3liurfi/{n uncd'n:rnr:uu:rir n nrrnr , ?" * = o.ooz2 rCri-1oy'dy
lh cv^ = o.30 unv cv- = o. r5 a{ Riu?0ir41rr? lrJn'nrin rru rn:5 ru?E { rrr y9n

2fi71''l alndrnl: 5.16

2"2Ay
0n

,9!,2
'aQ'

2
S
v

"e

Ay
0n 0 - 0072

"2v

+s
a

.<!
tun 10ru

n

1500

0.0053
n

0y

1.63 rte rvirfiufiniurru'tfitrnfirarjr.rfi r.r*

5.3.2
. a.G.,in't:?t R:1c}lalfiuvt 1 tDnftllnll Mann-t!c--!-?fillygl' r :lx$ iu6.uU:q

sln'r ? r.rannins arur :n'lUn"ruroa.lilronrrlunvla$J1nnl 1rtVr1.:fii

4'"1
rlaniuunn?rrrdn 6[.il.(. R? slstc n R?1]Jn1Rr]lh.ur.rfiiuntpfin

a 1.12 os/t ,
n

-2/ 3 1/2
f (5. 23)s

yrinr:ir n:r#dlnlr 5.a3 re lya

rrr]:u:iura.rquiac fu

,#rr'(1soo)2 + G6fri)2 (o.oos3)2

T fl1.I ?E lJ I UUN

s
v

c

lJo P

ifiuil r qv'15 d.:J.d. n?'rrr

,l
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2cv5f

d!rri't1 cv 0 IRV cv

21CUn*?cv
a

-2/ 3

b
1/2
t

(5. 24)

(s.26)

o
P

dlJfl 1 l Mann lns druhrnr :'lun'lur, {fiiusllunfiunfi l (overuank )

(chcw, 1959 ) ?E

a 1.49 (l- A5/3 p-2/3ncc
c

*Lo5/3nnb
b

)S
5 25\

c

A ttnc Pbc c b

c b f

Q ((r.ee and May6, 1986)

a

CV

fu$udpfinunv r fru?EU riunro {x'r.lfiiuncnd.:

I Na n llnJ no fu d.l.l.d. fl?rrtflrt:cro.rrr.rfliuncnfi.lnrJnifiu

PA

$rn r :fi s. z5 alli'j r ufinn r.rfiiunvn6.: synmetry :ar.r r Huqua'ns r.r

yl"t.tu1

dunr:idln:n'lflrJ:c r !'urr urrRnr rrr.r mr fruf;uii
- -A -. .t v

aulluR't'llrE{{ ?a{ flinlu1t{ 1x'r 10lltr't to,t't 21 Q I uugr? Iul:lttuna]J

"'-r In Dnnu B/ tvu'l t14ff

i{--
U.! ?ru0Un? ltlj I ltrllRalJ

6n:v n n It6g s r fioninr :ir n':rcr,(nifir.:i r ac'lfi d.!. d. R?']uuut!:?u?8.:

cv

cvtn

)
cv+

I
7

Y2f
cvcv 2

s +
2
n

I 2

tb

CV ltns cv 1l f!1114UL/1naUnRI., ln
A.b

Y
c

A F Fu
c

Y (.5-27)

n'rnn1rflnElYDrniliilurnruilfiilold1a r,.. and Mays ( i9E6 ) d:rlir

nr rl'hjrriluou'lurir d.il.d. fl?'nJ?,:?Jrv lros Fricrion srope innfir 95 S ?E{a?'tr,J

'hiuiluau'lun r :niu'rruril Q

5.4 nlrirnrlnfarlrrfortar (ccmpo8ite Risk Analysis )

'lufi:hfiuH rlfinrir ro'.: nr ru'lriuriuaunlrt61lrJr 1fi d{ r n'nc rnnr:fiuuu:e,lt
{'-

6l:lrtr'lnm{lj:in{nltnx't.tovn2fltJ'r ltn3fil1ll'lljtluuau r uo.r l']n lr r Rn ttncx,rl']ut rol

n
+ zG9\ (

n
b

ab.5/ 3 ,Pc ,-2/ 3
Ac' 'Pb'
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{AwwLoading UIA D€rnand fEnl?flflnn?8yU?O.,tUnnlltl,.|'tUUAn f nRnUlCt J

r riu nr rr.rhlnr:iir ionl:aUInn-u;Inn acxl'lfia1nrilrurnrfi1fifii riotnirnfii
a 'w ! C . 6y . e. r I u. 4 .
?,u0 Hnunntrus m.: t'lurna tI r n Rlt 1?l ?lj un v M 1tfl lJItl r Ia I n nIlH

<.4.<at{t { r nfl a ln ?6'n'l I ? r fl t'1 cli n'r l ? r fi: 1 81ifi'l 1l.r r dri

,.j
f,']r nR?TJ'[ [ruuau9i']., .t tm tJr!'ua1n?'[Jr

n{nn'l?1Ca1 Ul4nntO.: Loilding I0g capacity

IltolJTrdlt

Loading

. ..t.t- a <t.,lTJ fo ?6ylfla1fl1c.tfr? TJ l, flu{a1n

<rl
f{u.! t?1r?D{nltaanuuu n1l? r fl:1Yl1

(s,28)

(5 .29')

{4ee<Capacity $lA Resistance fEIl? ?flIlflfl? 1tJfi'| :n ?D.t I C,l.]Uyat lL
{.t

U:0ylaCUtlnfl1flm.,n'l I

fir1fi I io Loadins

[ng C fO capac ity

n?1t.rrds{rbn?rrrHurrnr n ionrruirlsriufi L es!'lnni1 c

R

P(I,>c)

1)

P(C - L < 0)

ctP

i { d q,
R?111t ttJ.MEUtIln'tluantra,ro? lllulnct Im.: L rrns c dl,unl1 probabiliEy

t"

Density Function tI)n L rO f (L) f,.:f.f diUiorori! Extreme vatue ia log-

pearson rype rrr dlxtufil{.rqn fir[ rtul avuilan'] dR? lxrjr oc, iufi Loadins
I t i.

acrJrnn'j1 capacity c- irniuun'lfi1filrn.{iln 1r (0}Jfi 5.5)

!* f(L) dL
c

rtnilv'lill capaciry fiufili.rm.r:ufl uriorqi prorarility Densiry

Fr,nction q(c ) ilou', o, irn', ruan rla{ ![JlrunA uto rtu..t r.cg-.,o..ur ilur"lfiorn

nrrirnrrsl4R?1r &[mloun1mrfi 1 m{r?illiluilI€u?o,r: llru un fi:arirlfir'lfdrln r:
Manning vt'r capacity ?o.!a'r fl1?{nrl1?{n { nr:ir n: r $iniir-rfi r a! rvrn'ua?,)lr

"triuriuarrrn..r c'lHnuis'nr #neir anufl r
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0,6

o 01

Crpacir
Ic.,
oc'0.15

.I

c

I

0.4

0

0.2

E!=!
o!.1

lr.di

c

0 ltLtdLI
0
0.0 1.0

P (L < C)

2,0 3.0 ,1.0 5.0 6.0 7.0
L.oding l. rrd crprcity C

t.0

!l
)nr}tttn I {') fD n2 1tl I ttj.l R - Yl Loadinq altnU Fix€d capacity 5 xil'.t dru

< .l . { ae | {
fil'llJl fiUityl Loadi.ng Qg[ nl] CaFacity tllo Capacity fonlu :tt nou m

R t T f (L) dL I g(c) dc dl.ltlti?'] Lcading ttflY caFacity
c

1ugrJfin'r:ulnul.:uuuin; lHradr.:fi r.e)

flfi ,.t nlritR:lufri1'luriu.t:?r

nrurjrosrflud c+elty rvirirag'iudx ac rfin r muril c iD src) tr
fircllfiir L lrng c r if;rurJ:uzurialfin: v nrrurfi'tt.,:rrora'ruro'lHlrnro:lrm.t

' ri
nr rujrcc r ilui Lcadins esrnu capaciry BflRcfl1 rus r,! rirfi r iu'hJlfi

R f (t,) dL I g(c) dc (5.30)II

< { su { | a .
Rl ir r gano'ln (Reriabit iry ) to., :nrunoR?'tlrullvt uux rSwatyl')

.,r ru'lfinrufl,,r diufiniuunll'lutir.r r rn rfininun Rnvn ri'lfidn lxfiniuun't5 (narr ,

- <c-.- { i ., , {o'1987) R?Trri00A'[n R fE Ccmplemenr ?E].tf1',l&t du.t ]llaR?'Nu1a3t:Jl$l

Loading lV lrJ t nU capacity

R

R

(5.31 )

I
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1! la c
R J J't f (L) arl, I 9(c) dc ti5. 321

nmu'r.rx 5 .6 'lugr.ridr r vrrrurnr io.r ui.:ui.lt :u r iu'jrinr rrfio.rnr :fi i toa ue .
I <i < |

3 14U2U t{llfl21I lug.! I UUJ'I tllJ,lU 1 }'lU2u alRiU2[ll

( a ) nrtr r du.,rdnr rlhrnrrfiiovr fiuinarudur:n1un'r:d'rufii?E{ r uuu

o'aUti'l (cap.acity) d.!rJ tiu'ln 5 XU?U

( b ) nr ru r du.r rb nr rlfiu r unrfirinnr'rxd'u1rn1un'r rdrHfii?D.! r cllu

tili lJ R? lx r uu.: r, ulan 1n ll l o.?5 ytut)

atruiir L*a:.rrg ttfl! capaciry inr rrrlnrn lurnnlnfi

?D?t')
ir

( a) Loading llfl'l lIlA n UQ,,t ttlJlJlJn ti {.:U ut 3 l,lnv oL

f(L) e
!}I5r'-2'6

L

"-ttr..ttz

En oL

't_
JTi

tir c* 5 n? r 6lu.r

T f(L) dLR
Ca

"- ]r"-rr2 at

"-'ln-zt2 
a,

J
5 $n

51
14 ta R

'ifi
L rr.

1 I
J2t

UJ
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L
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llr L

L

dL du

u= 2

I

I - F (2)
z

1 - 0.911

e

c

21
1 2_-ru clu

1.c-5
- 

I-
2 '0. ?5

R

JTN

a6
a 1nfl151\tv 2-2 Ll.nifvt ?

Fz
(2', 0 .971

R
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nlt0anNJutl lHrlu

(Deeign Storme )

n'uoanttuur{1rlcu fionr:niuunSrJrruuafu rda'lflunl:aanrtuurcuuqxnivlu'l
d.J

rlqcuaanuuua! rilu rnpur !a {rsuuovnivu'r rfr oniuromro-n:dilrnairfiluniru

:suu lnuiilhrlu-ririlr (narnratr-Runoff) uaci;nr: r:"rltjilrrunr:'[rn (rtow

Routlng) rirnrqfiraanrurudrr.n:nniuunag'lu?ilei1n l fianrrm'na#.on1n.lnui.:
{$ iXlatElaUtnnlll{Aantuu (Deatgh Hyetograph) fl{lCUn 1l Uan tta {n'l l?n1!a.i

, { i -u {.j
Hur!)11-r.:Ti1U Xta rrfluM r fluguR? 1xfl'nthilua.:: cun 1t ltlnua.:cun1ufrufr

'iun r:oonulurrq,lualex'ralndoXnauiriuinlfrii r rnltrui r rnmi.: rio

Inunr:d{r.:floXnlrnn'ntrucr'r'r ttra.,rrtulusjr.nfr n'rlaanrurlrlrlrltlu rdunrrrlindu

rovilJenavirjrrlutrifrviunrflJ:srinrdn:rrji!rrunr:bndrdn'ludunrr Rartonal

"lun r:aanuurvia: cu1tnf1ilu (storn serere) uogyianonnuu uianr:'1flla r avrln

nt1lllalr1q (storm Hyerograph) trJu rnpuc'iunr:itn:rcfiffrilu-f,ilr'lu

nllaan$Ju urban Detentlon Baeine vian r:aanturuv1.:rculgu'1#uta.t1n: ln r:

a'r.:lfiurirs'u,n'lu{lumfiv"lfinrirrn'rnr:aanuuunrrlfinilu lgraylnn:ti rnsin

" ue .,rcnfiarq rflulillfi'a'rnfiurc r, rliga.!il1qrlun1x26c' l, ,
(Probable Mextmum

Preclpitetlon)

G.1 nrrun'ncuaanruru (Dealgn Ralnfall)

(Point nainfal l )6.1.1 ihlrqxlvln
aa.?
?Enlt ? I Rt lvrlilu t ox1

(nru r fr'r )-dr s r ?n1-iauilnl: r fi nf1

rtn? tuullvl 3

ca

fl

<-u 1 a
nId1no.i fl an11 ? r nl1v?rih.tr[fl R2'lllfi n

.rtYunaun r:i r n:rcil'lu: runv r a'unl#neirrur

Hersfte rd, D.M ( fgsD't#iru, unui r {ufurfrmni}tiunrril6n{uoonuuu

diil:i.nl:c rudt{r:-5a ruinr d.,:lfiffiuf,lu u.s.}teather Bureau Technlcar papgr

Ho. ao (unuvirflufunrrl6nrfr*un'.rneirririrlrrnr:!x'j1.! 30 ,.fi 6l .,, ii.Iul
rrncitouiln r: r inffr r fi.r too il )n fautu.rt--nyri rnterpolatton Dlagremg rfia
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nlrx'rriTa11rr6n{uidxrrnr unvrauilnrrrfinfril1il"t6'u*n.:'luueui 31fi G.1 rL{nr

n'rad r.r r,ourl r fll firnr ruinrhutth{u t oo il .,, drl r.,

tvl 6 r ua,unlrflu#u nrua'nfrduoir:-u r oo

(Hershfleld, I951)

fl er, dr1u.r

'iunr:aonuurru r rodr.r rriu nr: oanuuuvia:curufrcu oroda.!nr:iluri
.l! d C 4 u
Nll?itt1n1[Yttl.l 30 Ulvl ]rlauaUn?''l U.S. Natlonal Weather Servlce

!
(Frederrck, R.H., v.A. Meyers and E.P. Auclello , lg77) 6.r"irYl"nuirrHun'

rudnr r frufuu*relu d.,,ijro, ru', r 6.: oo urfi oir :lnrnnv iuaantaldniga r uin r

firatir.rucruviaiilfirdr.lrrnr 5, 15 uoy oo urfi rnc:aulnrrrinffr z',rny roo il

rran.ra{1ugud 6.2 (a) 6s e .z (r) oru6netuaiuiudrlrrar ro uoc ao ury'
,!

tn!dil.tfiJ I auiln r: rfinfrfintrun qcrll6lnunr: tnrerpolate lrnrirnruinilu
i <J.. 4 -.- i- ..rn 5, 15 uoi 60 ulvr tll:auflnr':rinffrnr#niuun 6'rfl

P 0.,1+1 P + 0.59 P (6.1 a)10 Ulyr 5 u1!1 15 U'I?l

;E:=FP
ffi!H:P

W

:tilr.r---

P
30 Ulyr 0.5, Pr5 ,rfi + 0.49 Pso urfi (6.1 b)

5

I

a

10

6 ?E L

1
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tilvl 6.?
a{a(a) fl?1Nan u('1]4:U 2 U 5 u'lyl
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:ilvr 6.2 (c) R?'rr0nC!f{1xiu a U 15 ulx

!

) (.

I

\

t
t,

d

larrr. *.rura,nacri?artr

s-.---r
t---.-.-

.l<lu4
ruM 5.2 (d) Rl',lrlAncudllrlu 1O0 tJ 15 U'rvl

|l

l

I

(.

t,

I

I

I

\



6-5

.!

,7

--- |

rt

{.--

\

_l

IrJu (" ) nrrlintudiniu il6.2 2 60 u 1vr

/

I

I,

)

i

JP

I

I

I
I

,]
J

t)
t

{

I
{

I
I

J

\

(\

\

it

1

\

1-

I

.t.\
-r1, rftt i.cF.r'd

.r{-,.h-it .d

Itjvr 6.? (f ) nrrrrinrludiviu 100 il 50 11114

I
I

I

,l l.

\

\

a



6-6

*ir.riura.rinr:rfinfrfi'tl"ld e ria too i qcvrrirlfiInunr:

lnrerpolete a")ndrJnll

P il eP2il + bPtooi

6a {rat:sav,#ta.raun''r:doilra{,irrir Tr R.:n151it

(6.2)
Tr

t tlo a ltfl3 b

tl 5 1

n'1l1,tlr 5. 1 rirf,rnt:sfu{duiunr: rnrerpola!e nruiniluaanuuulnu'lf

f{Un1f 5.2 (Frederlck, ltlrer s and Auclello, 1977)

':ouinr: r finfr e

Tr

b

5 o.674

0.495

0. 293

0.146

0.278

0 .449

0.569

0.835

10

25

50

f,-rotjr-rfi e. r c.turnruiniluoanurut{'1niufl1qlu es fl 30 UlYl ll Oklahoma CtlY

1Dvl',l 'Iil' Pil, urfi o.",rin#,urfl nr: rinfr rrJuJ uovdr.r r ror ttju

uTl un ltun

agu: r ?0nl lnn1.::J Ok lahomaOklahona Clty

orn:rji o.a (") ,,,
15

orntrufi s.e 1a1 100, 15
P

a1n?Uvi 5.4 (e) P^
5o

6.2 (f ) P

1 .O2 u?

1.86 u?

1.85 u1

a 1n: l'l 100,50 3 .80 u1



P30 ulvt

divtiu tr fl = 0.5IxI.02+0.44xI.85

alndrnlt 5.1 b
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9.51Pt5 uri * o.49P5o 
uryr.

= r.43 ir

I00 30 = 0.51xI.86+0.49x3. E0

= 2.8I u2

2 Pz,3o

f, 114lu Tr = 100 lJ P

l1ndXnlt 6.2 l,rncn 111.1 6,1

P25,30 0,293 P + 0.669 PI00,302 ,30

0.293 x 1.43 + 0.659 x 2.8I

2.30 u'r

< {i2 R11!An U t OllllYuvr (Areal Ralnfall Depth )

w e $,{.{.d6 . 4) 4 I t
tuuaaxuH.t tllrl'!fi]ln lunlt 1t Rt 1c14R ?'ulnHu r ol{lv}uvl r},lraun 1:21Rl l g}t

,lurofl1y.an rlnfii.r'lflrirmronrvydt:vriru'trl'rf,'arrnrruiniluro6'uror,rvfirfi'anriin
,i . r i .i.

u'llluoleaHvrlnfh.lEnnl$rltlflu $lam1fln1r4ufl tn rl d lufl roMn'Y}tunqRevfl 0{}t11ifl 'r

irur.,rn:'.rnnrir'rrirtuarlaglnfigu6nor.:nrqlu rr.rnf.:arca1idraux'rtlrncul.in{{a'tr

ad:vuirlnnr'r'lunr:r.trvriurirro6'u lvda.rinr:y1n?1rf,ufiu6rvu'irlnrruinrudlnd

ninun,Yr#ri' :ud e.r uanrIfi.,rrf,'anrrflrnrruincluron.rrfirddo,rlu * to{c!rorirc

1n (tlorld l,!e teoro loglcal organlzatlon, 1983) d.rld.fd.rnsif :cc'lfilf n lrnn r:
- t. .. t.j rrtRrlvx u ttuu R ?'rrnn -}l1lr- ?{t ?n1 fl1un'"1fi'n6i1r lJ r udr'luumfi I

6. z nrrudln"u6: vui1{n2u r fr-?i?.: r 1n 1-rr?.ltr;

a"
fiiu: n'lunr:oonruruxl.roxniyu 1 rdu nr:aanrurut lwrculgtfi'lu ria.rev

#asrrsurn{uaanrnru d.rovyr"[#crnnrrr{rnffir6:srirlarrlrt'l-ri2,rr2n1-n?1r6'(rDF)
!

rra.!ilunr {-rnfifra {n 1:aanuru uavrJnfiudr flaanuuuina ci rDF ,J1nr l jluri.lunnl'lu

grtn's.i. aiuirruirrrwir.r.r v'fi'arnr:Inu'lilfro.lvrinr:irn:rc rnrrrrfufirdfi'.r

6.'l

nnl? t a.l
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r25 250 315 5m
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Eso
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-a ,o

E
P
d6()

50
0

?!i -u c {J
lfi!rtflR t na taRnr ''rrJflnCu I olrlcQnn llrtjulnxuvl (Hlto,6.) r983 )

t
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t0

t

6

5

1

3

0.t

0.6

\-'\

56tt0

Rctutn
Friod

-t6
-50
-25
-10
-5

-7

yarlt

() 60mtm

Ifr.:nrtr r fll-drr r rnr-nrrun' m.r*udrdnfirvl 5.4

Chlca8o USA.
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Jri'rotird o.a l.r'l flrrHuvrt u.s. Nerlonal weather service (gilfi s.z1 Ltac

"dxnlr 6.1 tros 5.2 rnondanld'l IDP r{il iu okt.ho*a clty' oklahorna

diril:auflnr:rfinfr e,s,ro,zs,50 Lrnc roo i uncd:.!rralaln 5 !'rfi 0{.! 1

f,r1rl'r

1Dl/l1 n 1nflJvr 5.2

u2P,

100, 5

2, L5

100, 15

o. !B

0. E7

I .02

I .85

1 .85

3.80

5

P

60

l.t')

u?

u')

u?

u?

P

P

P

P

2

100, 60

ainir
'lfilnu"tdamr: o.r

tr=2 tnJ
ir.l

1o0 U a V}11R 1Cuf,1l1l1j!?.! t ?Bl 10 tlng 30 u1x

fr.:urn.r'lln'rau'r.rfi o. r

air,rfuusiacdr.rrrnr qvrrririluili:alinr:rfinffr rr = !, 10,2! us!
I ME ,1

lo il 'lrilnunr: Inrerpolate alnRlyr Tr = 2 uns 1oo il lou'lildxn1r 5.2

runsrir{uJ : cRvr f'lunr: r.,:r,J s. r

nrurflillu (i) - nml6n (p)

dr.: r rnr ( t )

triu fi'r p25,30 2.)O

2.30

u?

i
{
u?

25,30
o. I d:Tu.r

r+. e o fr/ll.
nnnrtniurnnruli'llufidr'rrrarrir.: r orn I ud 61 6o urfi uov':au

flnr:rfinfr z, b, io,25, 5o unc roo iunn.:a{1unlr.od ,.. uourdonog"lugrJ

yt 6.5
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n? lrin rluaanuuuvt' oklahome cltv. dn'riurir.r r rnrunc:ouflnr: rn'n
!

ffrrir{ 'r (6'rorir.rv' o. e )

Duration (min)

nill{vl 6.2

Return period
(vr) 5 l0 l5 30 60

2
5

l0
25
50

100

0.48
o.5't
0.63
0.12
0.80
0.87

1.02
1.20
1.34

1.54
I.70
1.86

2.30
2.62
3.08
3.44
3.80

0.80
0.94
1.05

I .21

l .13
1.45

r.43
1.74
t.97
2.30
2.56
2.81

t.85

I t.0
t0.0

9.0

8.0

7.0

6.0

5.0

Rclum Friod (F!rs)
tm
v)
25

l0
5

2

E
.0

.5

2.0

4

3

t.5

t.0

5r015
Dur ion (rnin)

l0 60

:14 5 5 I fi'u r ru r flu-rirl r ro r-nrrun'dilt:-u oklahoma clty (riradrr s.a)
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6.?.1 nlrxTlfr{ tDF lnui6nr:irn:Tcfarr!6

rJ< -n:fiiiifloXnlu riu{na acd'rr1rn*{r.rIf(.,r ror 1fi nu'|fl tvninnr:
. .. jiu . , j
crRrllnnl1lJn rl.:Ellflaun 1: ? r fl:1!r4(u r liar1 rRir rDF rfindrrlllnunc rSun'lur,nn

d: ,{o6drn.rulnuorRlruirqcriudrurrvdruiunr:iro:rvr{n:run''ltu'lurJ:;tvra'tvru
{4t4l
fla Extreme Value Type I xlA nItUA (Bhulyan, 1982) $la Log-Normel

I
ruuu e rr:rirnaS ('tq:6 uncoi:'! e5aa)

o <i<- < . ,.i< . ' .
1un:ffiifroXnlutfru.llunll faunrr eo dr er il aroior:rur'lfdognrruu

Annual Exceedence serlea *imium'luusinvdr.r t rar d.roiurufloXn'luaqn rrJe! tvil
{v.i'

rYuciu ruito.:liaUn n151,fi 5.3 ttf,R.r Annual Exeeedence Sertee ga{ilufi

coahocron, 0h1o 'luni:'r.:rcirflunlnrdarrn?n1rr(fi'urcrnnrqaua'uriurrYu udi

dr r r rornt:nnsa {c!ti1{rYu n:6fi'1fl Annual Exceedence sertee 'lunr:irn:rvr{

qcf,'0,':inr:ui'uri',or.trfinrui"tfi'rirurirwilu'lflaanuuu 1nun1tff!firueYrnruJ:'uufl ri'a'llT

rirfi 'tfi'ao nnda.rrYu ri rillfi'c rn Annuel Maxlnum Ser le E
-{Rilu

:aufln r: rinfr f,'rnralfuurl

5

10

>10

0.88

o. 96

0. 99

1 ,00

2

iradr.rd s. r nrndaXn'lunr:r# 0., otrr,iur.rrdraluinsalu d.:i:aurlnr:

rfinfr z $n! a5 f, druiunrqvr'' coehocron, ohlo doiriro,.u. 1i uil' d!il;.jl
.ana

IUtn 1: UAnIA. UJUnU lun (Uto

... i?El4'l alndrnllx I.55

rxa P]5

P15,' = Ilf5 + Kr, SpI5

{ < i.,
rr fianruinrufiidllr2n1 r5 uri :auilnrrrilnffr rr

Extreme Value Type l)

qv1fi'

FTS, SPl5
{.Ra l{een llflC Standard devlatlon 0A{R1 P15
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tl'll'liM 6.3 Annual Exeeedence Serlee !A \:naXnflU}l Coehocton, Ohio

Rrnt Ralorn
p.rlod
(Jr)

Iurdtnul,r d.plh (h) .Dd d.l. for durrtlon thorD

15 min 3) nh 6(t 120 minrd!
I

2

3

5

6

8

9

r0

t2

l,

ta

I5

l6

t1

I

t9

20

2t

2t

2a

2t

2J.()0

r2,50

8.1!

5.25

,.o
a.t7

,.51

l.r3

2.?8

2.50

2.01

t.92

I -19

L67

r.56

t47

l.l9

1.32

t.25

Lt9

Lta

t.{r

r.04

,.@

t-.21
atu51
0.910
1^lt't
o.920
6^7t59
0.9t0
5 3t6,!
0.E90
6127t15
0.1E4
6t2y52
0.t60
gun3
0.1t0
1n7t6)
0.805
t2a5t
0.7t3
6t2at56
0.?70
ut5n5
0.7m
1/258
0.750
1nut1
0.750
&t7no
0.713
1n9t61
0.,]2
1tn68
0.7t0
7t 52
0.70?
8/3/63
0.?m
1n4t$
0.7u)
6t463
0.700
u2ta
0.692
qtna
0-6Et
Enlna
o.681
9t2r51
0.6m
a/B/55

2.625
5^2r31
r.326
1n4t8
t.2la
5/r !/6.
l.l??
6n!52
L tr0
1n 58
1.16,
arnS
t.ta9
atTnn
Lm7
ctsns
r.061
at2215t
1.060
7 lrSl
t.M0
dtatg
l.0h
1n9t61
1.c27
9ttn5
r.023
7^M3
r.m0
1 U55
0 97S

7n7tg
0.9?2
ltw't
0.914
a21na
0.9r9
1t2A6l
0.907
9fi2t51
0.890
al4n,
0.881)

u24t$
0.t73
ol r/60
0.869
Ttat@
0.t50
alu6{

3 220
gta51
r.l!0

21n5
t.?t6
1n1b9
t. rl0
u2va
r.{l I
7nat6t
t.lr5
1na't
t.I3
6^1tX)
L 

'065/t3/6a
1.290
6nt152
I -269
an96t
t.723
6^2t59
t.2 D
1t1t6
t.2fi
uttnT
r.20,
&|t64
l_20
8/3,/6'
Lt94
8l2t6t
1. r92
9nr51
l- tr.
lngt6t
l. t.ti
6t22t5t
l.tJo
9ntno
r -l]0
7|9t67
1.109
9t5t15
t.095
7tu58
r.09r
u2451
t.o5!
u21na

3..2t
6n2ts1
t.9m
7t27t6)
r.lt,
wvfi
t.7y2
7t1t@
t.733
1n461
Llol
uat59
t.621
6nu59
l.@
6atkl
Lm{
&t3n2
l.m
lna6t
r.5?0
1t25t6t
1.4t2
7msg
I 193
E/t t/64
r.353
S ]/6,
r.35r
9n$o
l.ltJ
623t6I)
l.l I0
ut1ls1
r.105
6nq51
t.300
('/l l/60
t.lm
6nv52
r.?90
try6.
1.274
9|2151
t.2lo
1t1t52
r.2m
1t6t5t
r.2s
9,5n5

*r. = -0.45-0.7797rn [-1n(I-lrr)]

e'tnn1:'t.tyr 5.)

FTs u2o.799

0,154s
P15 u')



K

6-13

- -0.45 - 0.7797rn t-rn tr- |
= -0.L642

= -0.45 - 0.7797 tn [-rn (I -

= 2.0439

l2

K25

P15 0.799 - 0.1542 x 0.154 i,
2

2

I )l23

O.7 7 r')

r ia {o rnfia$n'lufl1r 1.!; 5.3 tt]'u Annual Exceedence serleg Q.!

tir.riu:auflnr: rfinfr rilrrYu a J

P15l

fr0.:nnnir pts firun'rnulfirrfi d.:irir rrirn-u o. aa n',lrYu

0. EB x 0.77 0.56 u')

tin:l:ouinrrrfinfr rilrn"u er i
Prls= 0.799+2.01119x9.154

1.11 U?

u1

i oI",- .- , i { . r. , {
rl.lnrMj'tlfla.:U tURl tUO {a lnlaWn 1l InaflrJlnn11 1o lJ

6.2.2 dunr:Rrrl r flu-tir.r r':ar-:ouflnrt r inff'r

wenzel, Ir.c (1982) lfitduadlnr:nrrurfrir-drltrnr-:auilnrrrfinfr
-t
Rnu

t e-t +t
(6.3)

i = nrrlrfiuralcu ,lJ, irltu.
r = drr r ':nr'lun rrnnla rdu r flu uri

c,e,r = u]udrdu.t:cRn6ruoaun., d., w.n,el .lfr'hirir c,e,r

diriu:auinr:rfinfrrvirrfu ro il aiuiurio.:'14! ro riar'lumi5arlinr't{6'.ruan.r'lu

n11',].rvr 5.b
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1D'T ''I

Atlanta
Chicago
Clcveland
Denvcr
Houston
Los Angeles
Miami
New l'ork
Santa Fc
St. Louis
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,ilooddrrlirorn1r (5. L) aiuiunrrlrfil#iraui

nr:rfirrfr ro il rro.tria.:tir{ 't

[,oca(ion c Tc

97.5
94.9
'13.7

96.6
91 .4

20.1
124.2
78.1

62.5
104.7

0.83
0.88
0.86
0.97
0.7'l
0.63
0.8 r

0.82
0.89
0.89

6.88
9.04
8.25

t 3.90
4.80
2.06
6.19
6.s7
9.l0
9.M

drnr:n:ru{rnfrr6:wir{nrrrJ ri'l-rir.: r rnr-:ouilnlr rnnfl 01audn.{ogtlu

:Usa r:auufl n r : r fi nffrn'"tfi r du

ceTr (6.4)
I

(t+u)

fr.rdldr nuneirrn'.ruruffr'luflrfra r. r. 6'hlllnfi' r

n'ratir.:fi e.u o 'rurRrru r fi{uoan uuu 10 fl ao urfi (10-yr, 20 mlnute desr.gn

rainfall lntensitlee) AiyiU ria.r Loo AngeLes ttni Denver

d

Denver

96. 6
4.97 + 13 .90

96.6

t

0.97
( 20) + 13 .90

r ra.i

3

1

.oo fl/$r.
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1r0 .l Loe Ange lee

20.3

J.63 . r.;
z.lta itlnu.

20.3
0.53

20 + 2.05
I

6.3 nllaanuuuldr0 Innl1 e1nnlri t n: rslifiruCu

(Deetgn Hyetogrephg from storn Event Analyela)

lnunr:ir n:rvillr1q1rh acd1r1.:0}41nirYu r ?n'l

n'nnnuo.tCu Aiu:'un rqnYu r 1# uutr, F.A. ( 1967)

(Ttme Sequence) !o{

l Cifrnr rrrn"nuocn 1': uen ut l
cuni!rln1 (rlme Drsrrtbutlon) lhiutrqlufin?rrlpu:lrrdtfiolrfrd*.n

6l rroo n:."t1{ 'luunigSfiuau{ n'ncrussa{nr:lrantra.tfun1ur1o;rhur#ulr rujrllu

aanrflu b neirnrufrnuucnrtnircc ufu (probablltty Group) 6a c',n Ftrst
. -'i -i o '

Quar rt te niuiuluvrnnurim'qn 6.r Fourrh euar rl re drufu Cuinnurinrlaufiqn

Iilfi 5.5 (e) udfl.!nlr uanrre.:nlluilac riluta {ilT qelu'lu Ftret Quarttte gJd

6.6. (b) ttf,R.t Hlgrogrem ta.r $ rtuvlnnrY.rtln'luruincdr.: to % ua.: r rnnrJilunn

dru:-uuqnr:fifinrtnjrlcrfr s{vilryirrYu 10,50 $av 90 rila{rfudlta.rnrqfu'lu

rirst Querrlle 50 % HlBtosren udn.t6.rld.:Cudcludofion.rl fo l dnrq

tv'lfirirlfr.r*udcalurvirn-uuiad.rn.irlff.ri go g Hrstogram uurufil-jrilonrt go t6

nJnrpv'b{dr1fi'.riludvdlrvirriuria{.rn'lrlfi.ri reretrlep and statl (1974) llilf,
Ftr8L Quertlle 50 % DlBtrtbution 'lu Illtnloa Urban Dralnage Slunr-

letlon t ode l.

USDA, scs (1965) 16'riqarf synrhettc srorm Hyerographs

dir:1'lfl.rru'luar:"ga ruinr aiuiurrqlui.ridr.,: r rnr 5 unv at frlll nr:rlyt'

6.5 ttn!?Ufi' 5.7 ttdn.r"lr t oxlnnr 1y{dsdr (cumulattve nyetographs) f1,,1fi:

dr.trrar zt f,rlil{rci r, rurufio rlw r, rA, rr unv rrr unv grlvri 5.a lr
uano6ofi.,rJ'lrar:-5a r,inrniaur:nuicuurinvuuu'hJ'lflfi uuu r *nc re diuiu

,i, r#inir ",n',ilrtrrutrurl.:trrJiin dlmnnluqlmu r r unvqniauurllu{'.r uuuyrf r r r

t
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@

40

20

l0* Eobrbiliry

Jof Eobbility

90% Probrbilhy

0204060t0
Crmuhrivc FiEarll of florrn tim.

(bt

0

E.o

E,
E
.9

Eo
P

^40

m

E

.E ro
,9
E

ts60
-c

f.0
,z

Ezo
U

0

20

0
0 m.060t0rm

Cumulrlivc Frctd of ilorfi riina

(a)

tm

n1:ttanul \ttluolu t 2a'lt0.t FirEr Quartile srorms

(Huff, E.A. I967)

iriu:"ua'rr r n'nilnuav r ?n!'rufl.:uanunu;n siruuuufi rr qc'lffludruiu 1tra{u'iclutl

Pl1rrtm, D.H end r. cordery (1g?il lfiiruriinr:irn:rcil
'l d r anlnnr rfll nun1r i"nnifiJd?.: I 2nr (Ttme rnrervals) lurrqnrunrrlinua.r

duluurinvnrtl lnunlru'rns{vdurirrufinnnlrnifu asd1x1r0$1flJd1{!a{1r railln

nrlilif i;d.tndrruluiGurn:5ru'lunr:aanrruuut.,arnixullo{aadrn: riu (nre

Instltutlon of Englneera Auetralla, I987)

iGl a t aulnn: rltru rufi'dl (Trlangutar Hyerosraph Method)

lunr:aanu.ru'lrrayrlnfll1fl arciqr:rurodr{jru rirlaraylnn:1iliil
rlnri,uilJd'nrxdru dotdonr.tr.rrirnrrlfin (p) unyd?.tr?a.r (t)'lunr:rfinilu

aJi{1!'}5nr1fl?'l}ru12:'tuuf,vri2u6.rra.:luarlrr,r6'uu'kT lYrficr:otr-jrlrranlnnrrriigu

orrtrr6'uilrY{rnn.:lupvri e.s driorruurt3rurvirdu r unveinrg.rrvirriu h a!

lli 6.6

Prob.bility
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fll l 'r.tyl 6., n't: rtanttQ.:iil,ln lllll'lJu sCs

24-hour rto.m 6.hour rlorm

htPt

llot r t tnl Type I Typ. lA Typ. ll Typ. lU Hour, r/6 PlP6

0
2.0
4.O
6.0
7.0
8.0
t.5
9.0
9.J
975

10.0
t0.5
I1.0
I1.5

.75
t2.0
12.5
t 3.0
8.5
r4.0
t6.0
20,0
24.0

0
0.083
0.167
0.?50
0.r92
0.333
0.354
0.375
0.396
0.406
0.4t7
0..138
0.459
0.419
0.489
0.500
0.52t
0.542
0.561
0.5E3
0.667
0.833
t.000

0
0 035

0.076
0.r25
0. t56
0.t94
0.219
0.254
0.103
0.362
0.5r5
0.583
0.624
0 654
0.669
0.682
0.706
0. ?27
0.?48
0.?67
0.t30
0.926.
| 000

0
0.050
0 I t6
0.206
0.268
0.425
0.4t0
0.520
0,550
0.564
0.511
0.60 r

0.621
0.645
0.655
0.664
0.683
0.701
0.719
0.716
0.t00
0.906
r.000

0
0 022
0.048
0.0t0
0.098
0.r20
0.r31
0.,47
0. r63
0.t?2
0.r8r
0.204
0.235
0.283
0.357
0.663
0.735
o.172
o.199
0.820
0.880
0.952
r.0m

0
0.020
0.043
0.072
0.089
0.1 t5
0. r30
0.14t
0.167
0.l?t
0. rt9
0.2r6
0.2r0
0.29t
0.!19
0.500
0.m2
0.75t
0.7t5
0.8t I
0.tE6
0.957
t.m

0
0.60
r .20
t.50
rt0
2. r0
2.28
240
2.57
2.@
2.16
1.00
3.30
3.60
3.90
4.20
4.50
4.t0
5.10
6.m

0.
0. t0
0.m
0.:5
0.lo
0.3J
0.18
0.40
0 .r2

0.r.1
0.46
0.50
055
0.60
065
0.70
075
0.t0
0.90
t.0

0
0.(N
0. t0
0.la
0. t9
0.3 r

O.4a
053
0.60
061
0.66
0.70
0.75
079
0.q3
0.86
0.89
0.91
0%
l m

S.,,,'... U. S. D.pt ol A8n.uhul!, Soil Con..rr ion S..vir. ly,3. 1986

1.0

0_0

t
lr-

0.5

0 6 9 r5 rtl2

TinE (hou6)

:vl 'ld r avrlnn: rvtcu'lu: au zl drl.r.r n1rttuu

scs (usDA, scs, r986 )

IA

6.7

2l 241

t



l

l

tuinf.ll
Di.Eib0lioo

Vv Tytc I

l! ryF r^
E ryp" n

I TyF III

clr
I

@
.@ q

BD

D

:n 6.E ui r rruluaui5a r u?nrfillrr:o1fftd t aulnnl 1il!4.!tuludr.r e4 f,rlr{la..: scs lrf

(usDA, scs 1986 )
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02.

Timc T
lal

6t
Tim lnin)

(t)

5-r9

t

t

P

9

t
1

6

5

a

3

I

0

h

E

5

a
tDlBr tBn t 1ilrudlt runur

(a) ldravrlnn:rr{truntrruduunJr .r tl
(u ) 1t r oylnn:t{trr.tdru tuduufrufilrrq'lu u.b"n"

i.rrrrnloe ill:auUnrrrfinfr 5 i uocdr.:rrnr
.l

15 ullt

n'ruromrnrruin*',#{rr,#nnn",uld I oillnnrl{1fiernrtudmlfltlru ril6'fl ria

doorr',rir h 16'i'.1il

6.9:rrvr"ll__

l0 t2 t1

a

I
z rh

2P

drru :tRn*nr: r fi nilud.:dnta.,ril1tl ( s torn Advancement Goef f Ic lent )

1[l1U0.:i,nI'lt{?utv'}t21{ t 2alnau t nR Peak (r ) dodr.rtrn#wln (t)

t

t
a
t

min_i- 9.1 min5.1

r

l



6-20

Recesslon time (to)

(1-r)t (6.7)

rYr o. 5 ulruilarlrlt'rtfl .!{n -da(Peak) ta{ u r nnun.rnR't.r

t

t

b

b

t t fl0e

xla

r

nltlcu tYr . fiaun.ir 0.5 trxlufinntlrtdtd.{qnta{curinludr.rduua.rnrq dr

r rlnni'l 0.5 14rJ1ut.lfl?trrfir6.r{nrfin'ludt.,:ra'lraorrq rir. d,rr,,,rn,
qcrr1fi'ornnr:Riurrwrrdn:reiru ra/r sa{aud.rid'.lorrnreil.,r.r,iu rirron''udr

welghted 6'rufir?ir.!r:arsa*rrqCuurinvnnn'arir, rir . ra.rrfueirulujdi

: rur ruovrio un'jr 0.5 rY.rur{nl'lrr.,r., orJ e.e

rir#ru:vfrvri*u5.lqRta.t .ru (r) dryiurira.rdr.r .rn'lr1.ryt 6.5

Location r Reference

Baltimore
Chicago
Chicago
Cincinnati
Clevcland
Gauhati, India
Ontario
Philadelphia

McPherson ( 1958)
Kcifer and Chu ( 1957)
McPhcrson ( 1958)
Prcul and Papadakis ( 1973)
Havens and Emerson ( 1968)
Bandyopadhyay ( 1972)
Marsalck ( 1978)
McPherson ( 1958)

0.399
0.375
0.294
0.32s
0.3? 5
0.416
0.480
0.4 t4

yen and chow (1980) 1fiirn:rvr{xrq*u 9s59 on.lurfln Urbana

'lu Illlnloe, Boston 'lu Masaachusetta, Ellzabeth ctty .lu 
Nerr

Jersey, trag San Luts Oblepo 'lu Caltfornta nl.irlC t orlnnr 1iliil(1!
rnoluudrniuxrq*uninnurincrulufi1,..tdr.rrfiaurriauriu rir.:n-urilurt6nrloufirrrlunn

r da.:t rnrir.r r ra r nr rlruhgi'lun r : l-n un r i{n rnyl r.rniaron{ r yirrXr



I fl uncd:.rrrnrnr:nnrardurr,irn'u r5 urfi {u':vivrdnr:rfinilu{.:dnril1n-u o.3E

n20U1.fli 6.5
4t

: gll 1 uu't Ll.l r Lto .l Urbena

6-ZL

o.674 P + 0.278 P

anul'tf, r oillnnr 1ilrild'rr tilfi uMiu:"unr:aanu,tu'ria

mij rlrinlos nir.run"jr:ouinr:rfinffraanuuu6o

Urb ana I11 1n 1o g 0.EE lr',l

rualaTnrrfi 6.e (d)

Pr00,15 ?l Urbana, IIlinloe 1. 70 u?

alndxnlr (5.2) rrncn1r'].rfi 5.1

?ovll

141 P

alndrJnllvr 5.8

t
e

t
b

2 x I.07T;Zr u?/t? trJ':

alniux 5.a (c)
i

' ,,'t5 n

5,r5

5,15 2,L5 100, 15

0.674 x 0.88 + 0.278 x 1.70

aI.07 u')

rirnrtrrfl1ilufll{n (n) a4t = 15 1.l1vl $la 0. 25 !1 LU.r

P

a

'NU

h
2p
t

8 .56

rt 0.38 x 0.25 0.095 f,rfu.r

t t

0.25 - 0.095 0.1s5 fl?Isr.t 9.3 u'Dt

't I r arlnn : rrtaon ruJua ! in'nufl s rY.i :rJfi e . s i.n cdrrr : n iiruri rnr u r fi'r
!l

etufidr.rrrnrrirl e unrrula{rdud'rnrua'nso.rflurfionrtirn:rcfif1tu-rirvir

( Ra1nf a I1-Runof f ) g{-MfiJn 1raonrtuuvia r cu'tuff1'l fi'
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n'm0anruul, r axlonr t{a 1nR? 1ldrnffii6: s}a'ir.inr rl rfli -rir r r ro1.lauin i:
rfinfr

l En',maanL[Jltyl')
. i- { 4'

{ayfl ?vru1vrlq 1?u1J't r rJorn'1
4u!.d
lrJ"ltto'l t X'Ll ,)6 R€.tIonal

s .r i,r .
tN tnaa 15tu'rn sn't: rran rta.tlc'lflurir fiu.!drah: rn r:luadlqn (peak Discharge)

a"n:rnr:"luo (Dtscharge Hydrograph) rltiaf,o r:ruri ln r: rraflrra.tCrnl r':161

( nainf a I 1 Hye tosraph) uriidrilmur#uhrh co rtYunr:i r n: r#n r:'luauuu
.i "".. o -

uns teady i.:vri'bl'qi uluda.! fl d r axlnn r 1ilaan truUfiint'u I iofiolfi'r fiay rlal n: n: rrt

a0nrl1ru

5.I .al u d1 aidfiJudon (llternatlng Block Method)

"" "'li6 Alternatlng Block rr}rid.rru 'l 'lun llaan tru!"ta t avrlr

nr1te1nTfi'rn?1lrflu-d':lrror-:auinr:rfinfr lnui;ilaw:"rrrirnrrl6ntaliluvinn

lu n fl?{[2nlnnnan'u ttnn!91{ l ln1rlfi"lr. 1n! Ar 141a

n.At

r don'nnun:aLrlnrrr, fi nffrrjfi'a.rn',: lvdur:odrurirnllx r flxc1la1rr1fl.r

nr rr r tr'u-dr r r ra1-rouiln 1: [ finffr dir,r:"u rir 'r r rnr At, 2Ar, 3ar .....i']n
lYuqcvrrirnrru6nru"lfilnunr:gon?1,Jrfili'?udi.:r?n1 H6ti1.tta{rilflmuinnlnirrr*

!.

tfi6arirnrrl6naun{nnluusiacdr{rrar at ta.:rrnrrYu r riauirirnocir.ti.,,triun
..1 u4irdbo ( B rock s ) !1a-n r;u.ifliriir'lr.rrilnu'lfiudaniiriro rlr r i'lX.rqnaqjn:.lnnr.c

dr.rrrnrnr:nnrarcu. rdu#iorrurfilaifii:aln.r1ilovgn,i'n'tvYo{vrr'rfl?"}io!on
af<-a.io

unafMxfll1lJ r {tid.:qnmclnofMrR?"lx r li1l:a.rn.:'tua Hx'1.!fl1uf,mjnu [un1xn']tl1Jfl11lJ
I

r fluyr'ann r q:"li"la ravlnn:1 aan rluunlxfi'o.rn 1r

dla tjr i 6. 5 a.:x'1"[ fl r avlnn : rilaanuwairfi.rnrqlui' r nu r ra{

lnlotr1n i.:irir.rrrnr a f,rll'r ms:ouflnr:rfinffr ro i n'rrun'irdr{rrnrsa.r

t

UnaRllla IncreEents !Y1nU 10 U'lYl

j'itsni (1) a'lndxn1rfi 5.3 uacnl:1.wr< E.I oclfrirdunr:nrrurfri-rir.:

I-o-*",rr-rrurfl flnr:rfinfr ro fl sa.: riarrnurra{ lnla:r1n fia
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96 .6I 0:97t + 13.90

vd
= R?1)J t ?lr t u

= dr 'r rrnr rrlu

la i', /lu.
u 171

i

t

(z) o rndrnr:dlneir to c(rur:nniurom rnru r i'u'iuurinydr.l ro urrl

orn ro uryr'6.r reo uri lffn'.rudn.:'lunr:,rod t., oud# .
( 3 ) niuronarnru6n fluncar'luaan-udilJ 3 lfiI nHnr:nflnr lr r dl'lunadld

z fi'ru dr.: r rnr'lunan'uri r

rdu nrrl6nilus{vs{il1udr{rrnr eo uri

3.002 tirful.l ?o
&' f,'l1r.r.r

1 .001 u?

( 4 ) u rnrlr6nmyr'nn'luuinsdr.i r o urfi'lloan"ufifi rr lfiirnlnsir.:so.:

nrruindudsd!1rord# ,
rdu nrrlfinfuludrl ro urvr'u:n

nTtdncri'ludT .r ro urfida.r

0.593

1 .001

0.308

u?

- 0.69i
t
u')

u?

j
nr:rg[ o.z nr:Riurruaanuur'tdravr1nn:l'{diuir:r1ndr.r ro urfi diur"ur]uvr"tnut ro{
;-
i.ti:ou:.trrrfiafr ro f, dr.rrrnr e f,rir.r lnuiirfui.rdan

Column: 1

Durrtl,oo lnlcnsig
3
Cumulrtlv.
d.plh
(ln)

4
IDcrrttrarttl
dcprh
(in)

6
PEcipit tion

(ln)

5
Tlmc

(min) (in/h) (min)

t0
m
3{)

40
50
60
70
t0
90
lm

0
120

4.15t
3.m2
2.357
t.943
r.655
l.i!t3
t.219
L t49
L0a4
0.956
0.t83
0.820

0.693
t.ml
l. tTt
t.2%
1.319
L443
1.192
1.533
1.566
r .594
t.6lE
r.639

0.693
0.30t
0. t?t
0., t7
0.084
0.063
0.050
0.040
0.033
0.02t
0.024
0.021

0-r0
r()-m
2(l30
30-.40
.{o-50
50-60
60-10
7o-to
t0-90
90-rm
t00-l t0
r to-t20

o.o24
0.033
0.050
0.084
0.178
0.693
0.30E
0.1r7
0.063
0.0,1o

0.028
0_021
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( 5 ) dn r iu.roifir Firn r rrn'n du'lu urin c d r.r r o u rfifi n'ru rru'l fflunan-rni

vi' r* lurjlnuhli'ri1{{qn (0.5e3 il) aqjn:rnnr.,r6adr,rur# so-so rirqlqnd'r-fiu
{. , { { r .li2 (0.308 ilt ) au1ui1fu dod:lurfrn so-zo drsqna"urYu r (0. rze ir )

odvr r.:drufi a dadr.rurifi ao-5o d&rril ror .r o r'trJ raurirdrqn'hJvr r.:ur runr{^,ulu

q-nriu.r'l#a:uynrir rc'[6'1troy]nn:lloanrul d.ri.:auflnr:rn'nfr ro il aiuftun

dr{ ro urfisa.ludidr.:rrnu iirlro d.ruan.:lugrti' o.ro

o.1

0.6

0-5

0.4

0.3

0,2

0.t

0

5. 1 o'ld r aulnnrt{aonuuuaiuir: rtuyrJ r io { r ru r ro{ d.:ir ouiln r : r fi nfr

ro il dr.,rrrar a drll.r

5.\.2 1D Instenteneoua Inten6lty

t
a

unc I sHg I ?n'ta^,nQR

0 20 40 60

Tim. (min)

m tm r20

:Ux

firfs{xnr:nrrrrfrN-dr.r r rnr-:auinr: rinfr icd,ril,trnu,ln1l rUduu

rulnrnrlr rdlnlr r rnr'lunr:aanurula r avrlnn:rr{lf( lng'lfian"nnr: riliouiircdu!$an

6ain'jrnrtrn'nlu'ludr.:nnr r ,au rrirnrlrintu(.r6nlunrqiri.rrilrrii.rrirolrl

finrur,Jri-Ufo',ndlnr:nrurfrurir.: r rnr-:auflnr, , inf. #ournir.rarniiadur.,dan6o

aru r fiirufi"lfflrnrffiri.riur,drlnoandr.:rrt1ilu

!l

ri.:ucn.l'iupfi s.rr r#uJ:;'luuur:rfinrurflir i rcfrnltraflln

n'i rr{riauunvra'lrird.:dn :cuc r rnrorn.onn-n6.l1nuanfio

< -i. o ' e4 .,i
u0nn { jennnyfia {fla tb :cu! I c1411,r.en{nRo t i.t tbt g+
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j
alndrnlrfr 5.6 uns S..z os'16' 't1

t ta bt (5. 8)t

t

rt-: :G(l-')t -

Itt.l lti

rr 
-i=.._-_.- 

,r

f(r )dte
+

a

b

rb fiarY.r6f,unrruf(t
b

lYrn'ruunir

F

Prrcipiltridr
inl.nii(y

TiInc

:1fi s. rt nr:iln'lrravrlon:rvtfrruld.r

ri.:udn.r'lu:ilfi6.rt lulfiirrY.:ddu i = r(t)!aa

dalfr.rorrurfrituirf,nrYu"trravrlnnrlil ria 1 unu
e

4'<Y6rR Rafi'tfll',rxnn uvr.tl4xfl !u!?'l t'ln'l i.rur'irir rn

trnS i

r drriauunvnd.rrild.:dn ttac

tu?r lfl tRn

t

R

rt
T
0

(I-r)t
I
0

f (t. ) dE.bD
(5.e)

din:"udr.l r rnr1fl 1r; f(r.) f(r
b

ria Dlfferentlartng dlnr:(6.9) tfiuun"u rs"[fit

dR
AT

eve

R i

f(t )a
f(r ) ( 6. ro)

b

I . {6 !
fl1n?',lu r llJ u r onu lu!?.: l 2n1

.t
ave

Differentlatlng drJn 1: (5.1I) r firrurYu t os"lfr

t

(6.11)

)

)
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+ teve

alndxnlr ( 5. 1 0) unc (6.12)

i + Iave

dR
a?

(5.3) $ta

j
IIA Dlfferenttating

drnr:diu:"uu rriln?1 r flr
-4t i.:ll

f(t )
a,

f(t
b

tI d
a eve (6.12)

(6.13)

t

t d
a

)ave

Ketfer and Chu (1957) tu1fl1

c
ave

t acxl'ldalndxnl?eve

(5. r5)

ILNJ E avil1'[fi1nub

t

xalt

1 (6.14)
t-+f

diln1r (6.14) udruuurirn.rlU'ludrrn 1r (5.13) ev'lfr

I <enl.:atr!.!I t{u: vmJnR IEIar lnnt1Tl d1141 fl?.t [ ?n1

1
c[ (t-e)te + t ]
--- (t + t,

d n'u 1 uns r. i.rou*lu:rlra,r tAD|JUA

nlluyruril t 'llldun'tr (6.15) Inu'ldnlnr: (5.a)

'{.-Jdratjr wi e . z a.:aonurulE r, afl Inn r 1ildifl futr.]l{yl' r nu r ro{i.:irir.: r ?n.t 2 dll}r.r

IIJ.',r,fi,ffr ro f, Inu'tfldril:sfudn.r:rinrird.r{n r = 0.5

'r 6vl l r 0. 5 rtf,! r 120 ulyt

. .i r .,1

rudR.! ?1a1d\rdn!0 nCras r dRr r ?a.t 5o u.ti a lnrlu r ;mn

r?a1f,lifo6?a.! r ltas t, riauunyyn'.:r:a#rfinriral,rr{n udn.taDtit
.i e /l d ^..r r

aglunaa"urii 2 n1:1{fi s.e 'lilrirdr.rrrfl.r 2 ur; lurjrl'lnfr.r rira.r{a ria

rnrn rruuiuui'lun1:n'Tr?ruuoy'idtir.r r o urfi 'ludr.r r rari rr,ro'a

ciu{
a 1nn1l1.:ti e .t dira.:"u r Ia.l r nu t io {

c = 96-6, e = O.97 ltnC t
alndxnl: (6.rs) rc'[fi'

13.9
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0.9796.6 [(I-0.97) r + 13.91
0.97

riau r finlhf,t(n

lt + 13 .91

= 50 l.l1l4

= 60-50 =

t. 
10

r 0.5

I

t

t

2

a
r

, r'rn1 (r)

I

a

t

I

10 u1?l

20 ulvt

0.9 795.6 [(r-0.97)20 13.91+
a -f zooJ7 - r:.s:f

d,rltr.I .348

n1r").,tu 6. E n itniu?or'l r r arlnnl lilaonuJudiuf! iiu 1 o,] . drtror', ia.,
,j

Instentaneoua IntenEity ( n?a B1'114 6.7)r nu r ra{Inui6

Columa: I ,
ndrtlv. dtD.

(mh)

3
Inacldty

(tnA)

4
Licrqncnti
pr.c'lplt aton
(ir)

TirE

(rdn)

0
t0
m
30
4
50
52
54
56
5t
&
a
a
66
68
10
t0
90

lm
u0
120

60
50
4
30
20
l0

E

6
4

0
2

4

6
8

l0
N
30
40
50
60

0.1tt
0.t56
0.219
0.3x
0.585
l. !48
l69l
2.t93
2.915
4.303
6.9v)
4.303
2.975
2.193
1.69t
1.34t
0.5t5
0.334
0.2t9
0. t56
0.118

0.023
0,031
0.045
0.0?7
0.r6t
0.051
0.065
0.085
0.t21
0. t88
0. ttt
0.121
o.0t6
0.(b5
0.051
0.t5l
0.077
0.045
0.031
0.023

Tor.J dcplh (in) 1.697

1,"
-L
['
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40

Inr'ld

= 10 ulvl

t to/ (1-r) rduvrJr lnr r
L = 10/(1-0.5) = 20

70-60

',.ru, f./tu.
70 u'lvl r

b

1

rirnru r flltudniurrulfi rrJurirdo rdu o d.,orr',ri.,orrl6ncu'luusinsdr.i

r ?fiT '[lfiau'liln0d ruduuor.lt,tu (Trapezotdal Rule) unn'roJrl a']nn't:1.rvi G.8

nru6ntu'lutir.: ro ury'u:n 6o [(0.118 + o.156)lz), 1ol50 = o.oz3
-,;d'ludn.r'lunao-rrui [ (nutnla nn'l luinmluudav dr { 1o ud (preclpitarton
. { t i -itncremenre) da r.5gz ir i.rurnn'irririluni.rvt= r nu rla { diu:"urir.: r rnr z

f,rluouurrorinr:rfinfr ro il dririrrvirn-u r.sr+ ir nr#niurru"lfflun-ratir.,r

vi6 s nacir {n'{n6irr r iRa rnn r: tur.r r 1n loan rfluri?.t (Discretlzatlon) 116E01t

'lfln4d,rnJulolorXlunr:urfrrdlfiIfi.rrfi'arrrirnrlrintu n'.rrflfir'ldtirr a r.rfi#wuo

lun r:niurrurirfi 'lliqclilunnrir.rflu

tUfr 5. 1 2 udnr"l a r aulnn t r*fi niu rcu'li'tun'':atirr drr.r iu

rrJitrurfitrun-u'laronlnn:ry{drufir r = o.25 doorr,rir"t6'ir,dari.,

osilini$ail.!rird.rdn rila'uulU usi:! jr.rlgr arlnn: rr{ ryiraur ir

t = O.25 .= 0.5

ulvl tr.lag tfl

o
Tirnc (min)

b

m rm r20

tiu

r = 0.5

r tA

1

6

5

4

2

0

200

s.re 1dronlnn:rr{aonu.n:t{'ru:-u*u ro fl z drTtwr'ria.r
t<-.atmtt?ai i{rrlauii rnsranraneous Tnu'ld

r = 0 .25 tt0! 0.5

:rlvl
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u I Rnrl (a 1lcatlon of Storra Modele )

u

(Estimeted Ltmltlng Storms )

rirdnlinim.ruu: v r inr ( ELv , s ) fi"Iflrn',ruunt,rua1rr1ln?uquI1lnu

uJr 1 U16'uri drm6.lq#ufu'btlfi' (pw) rrqfl.:{#arrrrlu"[:.J'l# (protaure

Maxrmum srorm, PMs) unvrirrhvitq.r{#a, n rrJu"tUlfi tpml PMP av

a,ataa'
uon r nu {R1fl?'trJ6641-11y11uU PMS aVrJann'{n15 rran tta,!n1! r 

,)nlgon u f,.rs{rilr:n

1dtrludoXn*iuirfu r nnstu-ri^oir'lunr:ur pMF dinfi.rnrroanrura1R'lrR1u

quh

6.5 -1 nllDrqrifululfi' (PMP

d r{plip trruntaqin-mlnj : c r iruuo.r ilu i.ryrrufi .rn r rl6n mrrnfi anil

rl:vriu\filnui6nr:irn:rvrlsf1ufurir.:rrn#niuun}i uovdrfi.:nrirrinrwrrfulrlld

v r.l n r un udiu r-u dntruwr r.:4ia ran {ylnir,run'lu d l .r r r o r'l n l rn ud.r ro sil'luvr r.l
.../. M r. u. . il$riov'lrilfifu r:rurdlHnta.:n r: rUiturilnur r ldn rflnia rn rrl: cucur rrian raJ: v r iu

rir pMp uavdrri"l{'jruurnrruinrfi'urfiir pMp lrinrur:nrdada'tfi 1oo I
J.

rUa..!r'rn'[Ns{1!1:rnJrculuard'{n6irr1fi'atir.rnlr;:r( uaulriflanrdnrruirocril!sa.:

rr,rqnr:rd otjr.rl:finru nril:vqnfl rup "tl'ti6o'jrilt:clufii mcfr{n{inr:'lf
- '", j
nrrna tu rua,! a 1nfl?luJnonnu?a nln: rn r: rriu r r'outurn'luoi ufu r ia.rfi rfiuri'0.:n"u

rJ: vo rluriruluqi

.r ,q. .,i ,', . .- i
lMn1g?6 rU0.:a'rnfl? 1lJ-[rJrruuau ioalfin r nu?rfufaxfi

q'.r r rJu rfiu.:rirrl:c r i!un cC[a.:'lfio r:rurruruj: cnau'lu
j ,- ' < i .<-l

PMP Y11! [finn1?n{! 3 2DR.!U

N1I$1R1 PMP

runcorrr{rir.! r rir pw

nT rUrv riuri, i6ri:criilrir

( 1) n1flJ?!
e.J, ,<. I - r <Jn:dil'lriibXn r n'u?dufi 'rr1 rian:fivr'sarn4il.tts wrrtrlstc rflun r 01

urn rrrin r:a Bu rB6t:ili14?a.,ril1quncn r: r"?,rlirrrucurilfirJrn aror{rlr:n'lfrIlrnn

rirq"iunr:ri:vriu pr.p'[fi

n r 11tTI r nnnrtlt:sdrnrrxdr r io'lun r :u rrir pnp s{hiufiirirurn



'lurlrrnnirtrurnrfin drrr:nrJ:vqnd'lf,nn co',trnurty '[fradr-lirunru lnunr:

'lilnr rr r ir r oiula.:lraa rnrfifi'lr.to r dr unsaan unyi( 1x1rnu1rr11rJf,uso.rtu?aa 1n 1flvr tun

rflr"tfi'ornqom4#1mfr6'r.r (Dewpoinr remperarure) dln.:ati uJu r rnruru

(rJni ra flrll.r) 'lur:irronir,r i{urnficvr.rrrirfr,:nsirraiuiuohrfinnfrruo"ntrg.l

, or. r#rrluu v'lrdr l r rn r#r,r n'.:rYu 6.l ruT'i rl l r nnn rqo r uan rrittuvin rn r'rq v r fi n

, v q . { jj{
ruviRr:da.:in r:ntd ru:vr ( cal rbrete ) 1u r nofr'r ufraXno rnrirq'lufrufrnf,nu1riaun 1r
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a0nltuu

(z) nr:vri'lfinr t n Ra I .i lJR'l R (Maximlzatlon of Actual

Storm6 )

BaxlErro molature inflow theoretlcally pos8ible at the Blte to the

actual moisture inflow to the storn)

fra r fl uoa rll r nmrqfi a nr: udn rri rgi r fi nni.rodr.: jru 
r fiuU tYri

floXnli.:ta.,rrrq artrri'lrhrqluirira.:qnri'aureir pr'e d.rdrrr:ny'r'lfilnunr:

rfurirluta.rnrqfin"tf{lfiudn:rdru:vrlr.:nrrltufl.!{nuar loa'rn'rad'lunrffrnrr
o.i .r )Y ' { . i"

uqunraro rrinfu fl vruunon2l rlle r i!0iru?n01n1rtvr'tr4a r fl1dr1tl (Rarlo of the

fhfioXn r fi'urfifun1q0a.:#fllrjsnfira.rln: m r:1ri ris.:ro artfiru

(rranepoae ) flagarrp.nfirilu'r{ftniq'utfrta.tf n: lnrr rdaniunrir prc tYr

ffr 11fl1?']n1{n{nf,1? rnnala rI

(storm Transpo6itton) oc rfiuri'osdunr: r ntonn rqdrra:"un't:fr18 n1?x1irtyl1..,

?lo.lTl'ltl (orlentatlon of etorn) d.rinqndoriuh rnsn'trufirri'tdlxiun't1x

rrnnfr.r (d'ri) ril'urrtrqom4iftmhfl'r,,r rrfirnrruX.: firtur.:nl unciil;'ilora.,tntsr
r:Yiula ux(.r

riretu6.,:qn'lulnn rvirfi'rntniufin"l { lvr] :surrulfi'erndrnr:

hzz to'/a75 .....(5.15)
nrtr6neturilu u!.

drr nnr'lun r:nnsa.rcu rr]u il.

P

P

t

la



drinr:n-rneir:'lfiornnr:flnt'aXntu6.:qnfirfinilu'luuit rnnirl r sa.rlon diu:fuir.tnnr

qrn r urfi fi .: unru riau a{rur:o'lfiJ: vrrrunrrl6naud.:d#arc r fin#u16'
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(3) Generallzed PMP cherts

R',l :v r lula { PMP
ea--,,oaurt{llJlltllt'l tfi?l.ltl1xflJtlnnVAU]1}tlA}l {RrJrl 1R

surn'luoj dw:vnaufiruujurfrsurnrirl'r r.rarusjurfr n:fiud.rdtrr:n'ldrir:l:criruiill!

( Genera I I z e d Es rtnaEe s ) d.nl nil v r,an so glu pJm.rumrfi' r flu#un I rlfi n chl

f{i'.j(reohyetal Maps) i,!tK(n.!d.tn 1: ruriuutuJn{-tut cfrJnrn1o o.: PMP nanl:tUouu

ruJn.trirdr.:r'lnr rmn{lrh unsnr:runlulNnqJ:v1lil niarJ:loiqgnrn n*rdrYonui',,
.d

nnQC !:Un11 cenerallzed PMP Charts

Genera1 lzed pMp char rs ii'iuu'ltn-uur#qnluari3a r rinT 6aa'ud

neiffnt.flfi U.S. Netlonal i{eather Service Hydrome teorologlcel Report
{ . < . -X )no. 51 uiailnfi riun'ir rnn sr i.,: charte rY.:nrir'l rmrunnl tunwrfla{

Ur v tvrtlr{$tio t ilinrur.rnviuoanto I r fluur l ro5 (ro5th Meridlen) u^ri'rY.,na",,

qcuanfir pMp frufi4nqgnrn (ArI seaaon Estrmere) ftlil#un' ro fis

20,ooo nr:r.rlu( unvdr.:norrtpif iT{ E 6o z. flrlro riruniriu#rnrn",.r
!

nc iunnta.: t {uur.ril tol Natlonal Acadeny of sclences (19E3) '[6'rniul

"lna v un ru r i'a udnlirnr:urdoln pup a1n:'lulluta{ Narioner }teather

r eiu'lnl{d.rudn.r'lugtJn' 5. 1 3

6. 5.2 nlqltu$r{nilarc ulu'Iulfi

( Probable MaxlrDum Storn)
.j

xlrJhtf, {qnfiaia ufulUlfi pr.rs a! udR.tnlluenrla.irlunix

rinl ri'l pMs lntmJr "r tucc'llTrirnrruinr,tudss{r{.r{rr(Ttirldxrraryrjniuun

un#radr.:rir pus fi'n'rruntk'ruiurir.rnnr 6, 12, 18 unc a[ d?I!.:ay${nl
< _r-. < U r r . .e .,i .
n {R1R'11!anr.!}rrmo{[nnEi?.t t ,la 1 rrni'hlrtdnitri,rsifrJfl.ul [ ?nilt fiirlH

r daurla r anlnnr rrisa.: pus ai r rJudo {f,nr: ulnuelnu r ?n1lrnvn1}J

Serv 1c e

{.jln]y!o.: Pl.tP Hydrometeoro 1og lcal Report No.52 (HMR 52) mn.,fii
.. -{idixfiJftJinl.tirlntiiroanto I tflutt't.l to5 (Hansen, schrelner endnlln1 Plts
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Hy&fillco(oloti:al
Rcpori 49 (1977)

Er$
of rhc | (5lh Meidirn

b.i.d uFll
Hydromcrcorologicd

R.pon 33
rnd HMR no6.

5! 0978),
52 09r2),

&
53 0980)

Hydtorr)clcorologicrl
Rrpqr36(l l)

Unpublirhcd UpFr
Rio Grudc

Balin SNdy ( 1967)

HydorlicEomloticd
Rcpon 43 ( 1966)

ffi T..hnicd p.pcr 36
( | 960)

Al&tr
tbe.ii.n lslrrdg
Puano Rico
&d VirBin lsl&ds

NwS llf.rl,lccs fq:

-T..hni.d P.p.r 47. USWB ( 1963)
-Hydmhscorololicd Rcpon 19 ( l%3)
.Tc.hnlcal PrF {2. USWB (196l)

i i - " {i?Ui 5.13 ufluvrudR.tli'0{nf,'lnijnl:R'fl?01 PMP tul{rjvl?!1{

nuiunnsalr(uu?.! 1 05 la{dutBtuin't

Ml1ler, 1982 )

*lr,riunr:1r.rr nnrinirrirf, .rdn or:1fiiqr:rurnift orur rn#inqndr.,:,

flo{R1 pMp lncremenra latnfr i lun'll rran ua.:f,1il t ?BTiinqfrla.lrir pw

incremenrs ovrr'lfi'lagn rrjfiJfilelmj:c(rn'r:riuocffounnti rdu I rn ruuvrtnia'rn r rt

i. . r .-i.taurrtprinqn'luadn nifiLiliiullfln"ulnun"r.r "hJfianr:uonuarnurrorfirilfr'lurir

{{qn (Moec Advanced) rtncnrufrrufir:a.: l or'hlnrmifru

u
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6.5.3 fl fi'lxr( ror:Juh16

( Probable llextmurn Flood, PUF)

{,o, ipur fiori^ni'rvr ?u{ r{nfi n rn'iro v r fi aa rnrulfi 5 rui "lnil r 6qp.rfu : v nou

4ndrrrlu'hui'lfirfinilnd#anuocridrrir6.:qn dr pMF ovilrllfqrnrir p p

runv'lrie{rlr: nurnrrlfi (Ianranrrrnirlv u1u ) so.lrirn'.rn6irr1fi rilailr:rurvr.t

r 6rB!6rs(n{ lnfi lilorr'If, pw'lunr r oon r[JUa 1R1 : un r iuv r{:cu rBlfrdusurn

" 
, i . u .61'< {'lr,r{ i.rrYrrYroenil#inr:6qrduilinuarria'bYrfinarrrrduaru!!,rrirn luvrrsu$r6'lu

voru 1 n:ilavlnldririnqidrilui:s r iru rflurirrfrillrlaanttur (Dee lsn rlood ) uti

"-'i- ,uY!4 u ,<.
o vl tn' rvila un'j rriurifi iua{rt tri asa .:o r n r : un ; aiu n : 1 sno i a n rilhil r lvr''l f l un r :

aanuuu riauntrvlilrid^oirq'rq#nrnirrjrqcrfin 1nuf,lr:rurn'.r<r.r#,nlrrduo

' i - i 
tnrl rirrirri:manruruarqn1{ 1 tnu2nuflnBr qmruulyru1 qrnlrul [n8f,R1 n}lutJ

urlfifnunr:irn:r# lnsnrrdlrJiinirlirurfinernr',*1*,rtlrurodqnrri#raufinfi

dur:nrndaufrrulfi unvf,orrrutir?rurnla.:fr?iruoanru.ttlr'ilurfiu.!rrtuoirura.trr nt,v

lunrolffi rtnficc r iunf?iuaon[uu'j1 stenderd ProJecL Flood

(spF) nrr!:crirt spF xild'Inunr:Ilrnncu-rirrir

Hydrograph riU Standard Project Stom (SPS)

1n

rl.t

un1flJ:vund unit
{ i-sPs xxlun{rr'rrlxxun

d4'aed-
frqailarn'jrllan rdfrqv rfiflnos{mr I d1rl1:nr41 srs 'lfrornnr:i I nr1!ri'[u:1u

., <' .i
nv raun r n'urrYu:UrurJil'lqcuunsnl: r na-ouflrtnrt1lrtr,'rniurn.i.#lsui'l#rfimlrvi16.:4n

rfir.r iufirfi {rrfr unvqnnmfir'lna'und {lnsci r ilr c. ri nJ : t r inrsa.: sps e s ndn.t6.il 1rl

d.rn'lrudlrfir6:cuir.:n:rGn-fird-riror, ru',uurttuuu'h1g'td esyi'h{rinrfrviruurin

fiq#nrn'irilonrdcc rfintrar(rnr:siufi:4inr#u nrrlffnrrf,er:rurdnuourfnirmc

a1R1:nlunrnf1!0.:ejrnhi'ru cint:s riufinr:vririuuan.rtfi#uirrnr-rn sps uns

spr tnum'r r lrtrvo{:vrlrl 10-60 ,( lanri1 rlv frufi.rsjrahriurn-u

'hiu r.rn :drdr spr il? s r iue! ulurirdtifulun.,ruunu*I0, on.,rt,n\,

vnru.r n:ddrurcrirun-.rnrirrarqu]rr,fir.rrrrtirruan.ln'lnr:rYa.rrtrla:.:nr:rfiH.:u.r.,

) 'Y tut{urrrtii Unnnlnj:vrilu spF lcflifir r orrva rnr:trurn'lrriuasurnnnrl t yirriu

,da.,rqrn#a { r iu ( 1a1'lun1flJrc !iurr'rn
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6.5.t+ lil:unrrnolfir rno{dir,riuur pus uac pr,rF

U.S. Army Corps of Englneer8 Hydrologic Engineerlng

cenrer (1984)'1fiflqarr1rJ:un:lnafilrno{idad1 HMR s2 d.:drrir:nniurnr
i

ilu r odura.r rjrrirt ru fiLnr q*uurnfi qnfi a ro ufu ll't fi' n ui6fi nn r ri l'll Hydro -

meteorologlcal Report No.

rl:criu plrp a1n HMR 51

L fomfi fra.rfl au r f,rll: un :rd.rneir rlduri ri r

.r riluljtun:narlir ina{irrur:nniurnrir PMP

r,odrr.r#rfi'elirilejurlrtiatnian{uo.:eiurhtiauluriufr'lr.rr! Iil:un:rrs{rur:nrian
{.jrurniuirru fi*vrrr (ortentation) 'lus'ntroviqvvi'hlldri, eturodsaa.rrjrnhX.r4n

f;ldn'aln'rnunlnludnnrorrq rlnun1:rqnue{nu r lnr Iu:un:liaur:n'lflitrriir

U.S. ArEy Corp6 of Engtneera HEC-I

PMF

1.
Ralnfall-Runoff Mode 1 t AnlU?N

S.6 nr:niurrudud .r(m'omufulil"tfi'

"lun r:aonturuyt.l: cu rufrfruuovnr: inrr r durfi.rnr rujaonrYusa.! r dau

" ., - . irv#0.:itirrirriri.il:uriila1n pllp uocnr:irn:rv{rirau-rirrir1nulfl pup ot#a.r

fn tr uqnut rnu, ru.,oorr",r,#lli,1ra{cir pMp rlrcri! Hanaen, schrelner

and Mlller(I982) lfihuridnr:lun1flrn1ruanua{la\r pup triufirdur.r
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. .r.ci ritu'lun r:u ra"n:T nr:luof,.r{n unc rfianrryrllln:n: rrito.: pMF ainnl:

irn:rsililu-rfrlir iinr:d.:nrirraritrfioXonrnvrrqendift-u;'1fiin1ruirfint{ uns

drrr:nuililr]:cgn6riuf,rdfilldr sn ! !1 ( Nonorographr" ) ur.rnsiuaonsa.!

drf a ruinr

i6nr:'lunr:vr ptc toujyrfrcl#0.:.f,daff"il*,1fo I rJ:vnr:6a
.:1. Ifi.rnrrlfin-fird-d..,,,ru.l douooori.., r* rmiu#rfi'rrrryrlnirun

runvdr l r rn ryrln'ruun
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3. rrf;nrnafufi.rifrvrr{ (orientarlon Ad3ustnent Factor) i.r

qcnnrir pup rltcti[] tYtuu?rtnuntlut lta I srandard raohyer ifirtvrr.rtri

n : { n-ui frvr 1 { n 1 : lynra.:urn a rn rrlf,rtr4io.to
r.jt. iuirnrqinqn (crltlcal storm Area) i.rqsvli'Ifi PMP !a{

, e... 1.
nx!'tIn'tI1nyrfrR

5. rrfinrnafitfuirloltlrr{ (raohyecal Adjusrment Factor)

d.rol: vr1 rr.ta{ r tu6talnrrGnto.r plc luuins r (u#unrrlinrlrcuga{ srendard

I8 ohye t

6.6. 1 1fi'rnrrl6n-firi'-drr r rnr
I i av <v

tun1flJt3 Irrufl! rolr1u.ain1u4nn0a nfl 1'ttfl 11c r.uu aJrnluJ:?lu0.r
1 u .{ . ' 
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ri:vriu plrp lv'l#rdno..,nrqrrJufirurJ:n'rrirtrrvunlTxd grri'o.rr, rdt.!;T
.. -ri . . -{iPMP l{ 1x tultlJllll l.fllflng ?UAO n m { r rlN '105 ga.:(l4flalXln1 f,1}1:U}U}I?IlJ'n
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rir.r r rnrlfi
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n$rln.lnal luruurJ:vtJ1{u 3,660 nr. rrn tt-anfluunnl{agn li r,l' N ttov 9d }5'r.I

Dl/l'l

o {a' ,
141 tRnfizlNnn-lu?l-! ?.i t lf,'l

iirurir e f,rlu.:
i.{i, - r " -{ilittJlluylfl1{ 1nu t !1lf,114tu}u,l

j ,- j
PMP vltu[f'] Leon QlnttHuy Standard PMP

10, 2OO, 1,OOO lrnS 5,ooo 
'l:."tU{ 

tlijrU'l6'crn
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21.11
2t.r0
I9.76
t8.41
17.07
t5.12
r4.58
rl.5r
12 36
I t.29
9. t4
6.52
4.50
2.t2

l0
t5
25

50
75

r25
t50
2S0
27t
193
48t
5t2
131
4t9

217.1
1r6.5
493.9
920.6

t.280.2
r.965.6
2,1E7.1
3.176.6
3.!50.9
4.4t6.t
4,459.9
3.191.1
3,3rE.3
t.3&.2

Tool 3660 3l.49t.5

AvcEt. PMP dcpth ov.r wrtcrshcd (in) = fl,a9t.5 / 3ff0 - t,6l ir

'Th. PMP ro. t5(p mi, ii lJ-+l it

6.? tandl:d1.ta'.1
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i?n r ?fl1-fl? 1rnta.:au lunrnnnl\tttncn'lnnv ?-uaanga.! lctxfl"lvlu.

:rulruidrnr: nu-oo6/2128. nrnidrirlrn:'iulBor.

1{rn u : ria.rn r ivru r n'u .
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, i a-0 But llrr {m.h[lnnu{uc ti\rdm 1 :

7;5oo-2,toornt-ln(1-
I

(r + 45)

*r' ,



6-49

9. Natlonal Academy of Sclences, Safety of

and Improvement, Nstlonsl Academy

1983.

Exlstlng Dams: Evaluatlon

PresE, wsshlngton, D. c.,

I0. Pllgrtm, D. H., and I. Cordery, Ralnfall temporal petterns for

deslgn floode. J. Ityd. Dtv., Am. soc. clv. Eng., vol. 10I

no. HYl, pp.81-95, 1975.

I1. Teratrlep, M. L., and

erea almuletor,

Survey, Urbana,

J. B. stell, The llltnols urban dralnage

ILLUDAS, bulletln 58, Illlnol.a state I'later

r11. , 19 74.

12. U. s. Army cops of Englneera Hydrologlc EnSineerlng center, Pro-

bable maxlmum Btorm (ea8tern Unlted Stetes), HMR 52, userte

nanual, CPD-46, March 19E4.

13. U. S. Department of ASrlculture So11 Conservatton Servlce, Urban

hydrology for 6malI watereheds, tech. releaae no. 55,

June 1985.

14. Wenzel , It. G., Ralnfall for urben s torm!.ater design, ln Urban

Storm lfeter Hydrology, ed. by Davld F. Klbler, Water

Reaources Monograph 7, Amerlcan Geophyslcal Unlon, llaahlng-

ton, D. C., 1982

15. World Meteorologtcal Organtzatlon, GuLde to Hydrologlcal Prac-

tlces, vol. If, Analyals, forecastlng and other appllcatlons,
' m,{O no. 15E, 4th ed., ceneva, Snttzerland, 1983.

16. Yen, B. C., end V. T. Chow, Deslgn hyetographa for small drainage

struclurea, J. Hyd. Div., &n. Soc. Civ. Eng., vol. no. 105,

no. HY6, pp. 1055-1075, 1980.



6-50

o.a uruilnrin

(1) alsitrl too fl - er, ir1!.1 Design srorm Hyetograph dru IU

Washington, D.C.

11(IlJx 5.1tTtx 6)

lrnunufi{u roo fl - at ilr1u m.rdui5arlinr

ttnc rlttuun1:ttrntta{fl'rrlllrJn ir scs 1nr:r.rd ,.r rrfi' ,)
!(z) q.rdir,,r1[ravrlnn:lilildTrrufiuldrniunr:sanuu.ryiomnorar'lurfia.r phitadel-

ptria n'uun'irrir.rrrnrrrirfiu 5o uri uov:ouilnr:rn'nii ro il unl'ltrir .
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mrriia.r chicaso i.:nuun'Ifi'lu# ,.u t-fi' ,l nivunjr:ouilnr:rn'nti
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l{rniuun'ir r = o.3?5 t5aufi.:vrian Hyetosraph fi'l', rfiurfiu Hyerosraph
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(5) l-r'l[*rnr: 5.15 (the world's createst Recorded Rainfalls) 0ofllluU

at ilrlul Design Rainfall Hyetograph i.,li tn.r.*ent r irll.t
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17,743.5 - 2,136.E ln [-1n(I )lTr

f (ta) f(tb)

I

tro

(t * +a)1'07

nrrlrfluro.rilu u]u uu./tr.

Jr.:rrnrlunr:nnlo.:cn ulu uri

:anlnr:rfinfr ull i
Inetaqraneous rnten€1ry oonruu'la r oulnn:1tidiyiu

i .'r, i- . .
rrgfinllrvnruurun: iridxrrnr e flrfu.: unr:orilnl:rilnffr eo i lnu'lt

{uri:cail{nr: rfin*uf,{qn (storm AdvenceDent coefflclent) r = 0.25

1

t

Tr

c.:lrii

J
ra

Hlnt

R

dR
dt
R = I .tave

aT ruinilrrn'our#an'ludrlrrer t
drl r rornr':nnso.uhi

n?1u r t'relu r qdu'ludr.: r rsr u i.:ur'lft rnaunr:n'niuua'bI

f(rb) = nrrurfiu#trnr ta riou peak uns tb

n".! peak
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I
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f ( ta),
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(Design of Plood Peak)
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1.r 1 es'tfinri"l?n'{'luuvrd a
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!
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Time of C cncentration
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.latnfl1flfll 0 {vt 1{o D n ,n .t 6r}Jlt 1

nrtrn'tn.rfi iviurrvirf, unrrun'm.ralufi lU'luerinr:

2

?.3.3 blifinrn'r Rational Method
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dt$nj r;Bnitrair c dnriur m riia.r (water Po]lution control

Federation, 1969)

Urt tl rc! - Thc rr! of rrflgc ccrlici'lts for vuious rulfrc! tyFs, vhidr trr
arnrd rFt ro vrry thrq{h thc duntion of thc iiorn, b coilncr. Thc rmgc of ce
cffrci]rtt chdfrcd vhh rllptct to lhc lrDGBl chrrctcr of thc tDutrry tlpaod in
usc is:

fsariptbD of .rta Runoff ccffrierG
BEitE:

Dovnartt rrca
Ncilbbaid rrc-, . .

Rcsilrn6d:
Sintbfrnily.r!G'...
Multi-udtr, dctrchrd. .

Mrltitrnits,.ttrdEd .0.60 to 0.75
Rail"nlid (tuhrb&) . .

Aprtncr dwclin8 rItG
tdrsrid:

Lirrttst-.......
Hcavy aru......

Prts, ccmetsra!. . .. .. .

Phygrou!d!.

. .0.25 to 0.40
.........0.50to0.7()

Rrihod y.d rrla .

Unimprovcdrtct!.,,.-
.0.20 to 035

......0.10to0.30

It is ofta r.udcrinuc to devclop r comFcitc runotl cocrnciclt blad o thc pcr-
cEnt{E of diffacnt tyDcs of urrfrcc h thc drrin{r rI!& Thir prccrduE i5 oftsl
.pplird to typi{rl 'EDplc' blcks a r Suilc to tcLctirn of Ensr&le ydu.l of tha
clcfftcicnr fc zr cntirc [c.. Ccffici?nts wilh rtlpert to lurfarr typr curE tly itl
lt€c lrc:

chrrdcl of turfac!
Sllccls:

Arpldtic rnd cdE Ctc .0.?0 to 0.95
Bticl...... - - - -..

Roofs....
bwrls; !.tdy roil:

Fht,2r..........
Aaqi,g.,2% to 7%- -

Stlrp,7i........
lrrrs ; hcry ril:

F|.t,2t..........
AttrlF,2, to 7t- .
Stccp,7% ........

.....0.701o0.t5
.0.75 to 0.95

.....0.13to0.17

0.70 to 0.95
0.50 to 0.m

. . .030 to 0.50

. . .0.110 to 0.60

......0.50to0.t0

......O5oto0.9O

......0.10to0.25

......0.2Oto0.35

. ........0.05 to 0.10

......,..0,101o0.15

....... ..0.15 to 0.20

.........0.1t1o0.22

........,0.25 1o 0.35

rrilRrna:/ (Factor) do, r'[fi'o',nn',r',r od z.r "lunr:rfion

'lflrir cr fr0.::vr".:'jrHngru c uov cr fra.r'lilrfiu r

tra

cf

1

Ruroff cocfficicnts
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n1l1.rll 7.2 fl'td rcdr6[ivr1 c d?x flJrlrtJvr ( sctrwau et. aI, 197r )

Runl Arcrs

Soil Tcxrurc
Topogrrphy

ard
VclctaUoI

OFn S.rdy
Loam

cl.y sd Silt
larm

Tirht
Orv

Yoodhnd
Flat 0-5% slopc
R.olin3 5- lO% slope
HiIy t0-30t slope

PastuI!
Flat
Rolfing
Hilly

Cultivrted
Flat
Rolling
ttilly

0,4{)
0.50
0.60

0.30
0.36
o.42

0.ao
0.5s
0.60

0.50
0.50
o.72

0.60
0.70
0.t2

0, t0
0.2s
0.30

0.30
0.35
0J0

0.10
0.16
o.22

0.30
0.40
0.52

nl:1.!?l 7.3 fl',lllilRt 9D lal1rJ n1tnd 1'1 
'ufrlr

l.t

muflnr: r n'ndi (i ) cf

2 1.0

25

5O

'100

1.2

-t.25

rn 55 r fi nfl a 1ilf,mr r rir c i{'r,rt rfi r., tun u,fi nuru :fiue' r .rn tlrJA\, AuBtin
C quo

:orrJnlrrnmlffl{cu n']il:u'If,'l'Jd!n 1t 7. t fil LLdnr'lunr:1.,v]o 7.4 (chow,

V.T- and et- aI 1988)

1-1
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nir'r{fi 7.t rir c drlirdr.rnl r Rariqral filUdrniurn*a.r m5grf,nd*Austin

R.tun hrld (ycrB)

Chincl.r of surfsca 2 5 l0 2!t 5t) tl,0 500

IXvdoFd
Asphdric 0.73 0.11 0.8t 0.t6
Concrctdroof 0.75 0.80 0.83 0.8E

Cra; src.5 (htr!s, p6rks. ctc.)

Poot coidition lf,:aass covcr lcss than 50% of thc .rc!)

Flar. G-2% O.32 0.34 0.37 0.40
Avcrage.2-7% 0.37 0.40 0.43 0.16
Stc.p. ovrr ?% 0.,4O 0.43 0.45 0.49

Foh condition (grals covcr on 50% ro 75% of thc arta)

Fl.t. (!25 0.N 0.28 0.30 0.34
Avcngc,2-7% 0.33 0.36 0.38 0.42
Stccp, ov67% 0-3? 0..l0 O.12 0.46

Cood condition (gt$ covc! larEcr th.n ?J% of the rI!i)
Fl.t, O-2% O.2t 0,23 0.25 0.29
Av,.lr$.,zJclo O.29 0.32 0.35 0.39
Src.p, ovcI 7% 0-34 0.3? 0..o 0.44

Und.vdopcd

Cuhiv.Ed knd
Fl.t. G2% 0.31 0.3.{ 0.36 0.4(}
Arq,Ec,2-1% 0.35 0.3t 0.41 0.44
Stc.p. ovcr 7% 0.39 0.42 0.4 0.48

PilturdRrnge

Fhr.0-2% 0.L5 0.28 0.30 0.34
Avcnrc,2-7% 0.!3 0.36 0.3E O.42

Srccp, ovcr ?16 0.37 0.4) 0.12 0.,16

FoEiy'woodl&dr

Fix.r, O-2% O.n 0.25 0.28 0.31
Avar|ge,2-1% 0.31 0.34 0,35 0-40
Src.p, ovcr 7% 0.35 0.39 0.41 0.45

0.90
0.92

0.95
0.97

m
m

0-32
0.42
o.47

0.49
0.56
0.5t

0.41
0.49
0.52

0.3?
0.45
o.49

0.47
0.53
0.55

0.4t
o.49
0.53

0.36
0.46
0.51

o.47
0.51
0.54

0.41
0.49
0.53

0.5E
0.6r
o.62

0.37
0.45
0.49

0.53
0.58
0.60

0-5?
0.@
0.61

0.53
0.56
0.60

0.4t
0.56
0.s8

0.13
0.48
0.51

0.3s
0.43
0.4E

0.39
0.41
0.52

,lvor.: Thr vrlr in th. ubb u! $! tudrrG ll!.d by r. City of Auitir, Tlrrl. th.d wilh Fmistion.

,on. rr,lk.,ru'ir c aY ril rfi!'hJfl 1xR? 1x r Yx ta'rc u fi ': rrca':'l'5"iuglfi

7.1 lrnc ?.2 rfi!'rornnrT.rrlqru':*u'lugr.trl' 7' 1 tldc 7'a acuilrilu"hlnrl:auJ

nrt r inUimrcu H.rfiur rnrlUdr c a1nIufi {n6i1?i':'lrih'rlUrunr ro { ct
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7.3.5 n111!1 Time of Concentration (t.)
o!"'i

t 2nluiyl16.:dn (Time of concentration) }4JlHnnt ?n "lvltJ 1tllMfln

n.r'lueirudrl r m.rrilfiirglilnrJ10<.rvr'r{aanrYarl 1 fiu i.:ocrvirfi'Lr rnrdfii'Ifi'lrn''r,
!!

lunr rnufi lnofi (n'lu r A rdnrhdn in' wr r loa n m.r dlfi i r ?n ff?i 1 d{ fl na !il r lHI ru n r :

niu r:wvr rorflilio vffa.r lunr.run':iu (orerrand rrowl drudrurir.r 'r m.rq'ufii

n'rdrr.rfiifrnr:lunrcriuruju"lun'lwr$i (channer rrow) tnvfiiw"lunnl{vrr.rfii

fimrrn'lmrjn'ir oun: #.:6.lrr r.rao n

.I .. 4!f
soln r :iu5 rrlun r :niu'nuu r r la tfi ivir g'r qnn li io' up r ana uia io-

n2'llJr'r1 f@

L

c i=1 I

= ciurudrl m.!n'r r'lnn

= fl?'rlru'l ??E.ln1r'lxnlud?{ i

= n?ur i??E.lfii'ludr.r i

0. 928(nL) 0.6

c (i 0.4 0.3
e

t lJuu'llr

J
f,'ll,llun1r1}1n UH ?nU 1lnn'll'l.I1l 7.5

n
ft (7.4\

ta n

L.I

I

.rqo"a\q{
R,)',lut t?mi,fl1, tIflJu( ?nuI ?a?r 1.ru]t Rn I rnJ 'l rvl'|l tn ImlEtD.l

4d.c
ria lrn gr.tfr z . ; rirun: rr r i rro.rfii'lunifrq cvr1fi lrn$tn I :Izzard ( 1945 )

Mann ing

R4an t!03 Duru (1972) lfirrnn.r is'nr:1un1tr1 rc t1ns nl1

Kinernaric w.u. dlruirilinr #qv'IUlfi rnion r:"har iururuiuri?! (turburent
{i

f row) ria r fi orngrum.r n'r 
T 

N r "sJ ?B.riluriru r n'u (ir6f, rll.r ) rlnvn? rlJU 1 ?to.tn1 t

lno 1r1n I irirlrnn'jr too

t (1 .5',t
S

r{Rt 2B1U111fl'rr ljo
ct

n nMann ing ' s

)
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a
= n? 1181 ? r utin

r c x , J-= fl?1]Jr ?!Jm{'{UfllUrnU rilltu?rBrl tlJ{

- {i c ,= fl? 11Jfi1fi01t1E,rruU r llilnfloy{n

I
e

s

n'tt't.,Yl 7.5 Manning'sn fr 1X tljrl ?RUIUJ1Jfl1{ 1

,r1flU

Smooth aaphalt 0-012

0.014

0. 030

0. 2il0

0. 350

0.400

Asphalt or concrete paving

Packed clay

Light turf

Dense turf

Dense shrubbery and forest litter

n

rlrnl r!a.r Kirprch ( i 940 ) d.r rf,rnJigrliriurrn;a

3
(0.858 *- )

0. 385

r.t at

TA

c
t

t

(7.6n)

(7_6!)
2

(0. ooo858 !- )

0. 385

c

ct

L

r?nrf1ilq.l{n riuirlur

: ssfl lnnlrnifld ru'ludr rncnlnadnlur A{infl1dn ifior rlaan

t u nx.
rlr{r{d

R? 1l|n1{:CiU r!}1? lrt.am[1n6m{nun!}11{aan r urrln,

R?',rtln',lnfluro6u !
L

H
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soil conservation service (1973) lf,tr{mtluvio' Lag t'Jetnod

'lun r :ur ma rfrri rd.t{nr mrtiln 1 r

rrnrffrrira.rqn riu tL.

tlo1H1xf,{ (Lag time) riu tu

t 5

3'L t7.71

!a

c
t

s

tr-

1281d1flfi.r t xtrluo'{rrnrfinrfluirfu.r lrnn"'lnarrra.rCud:urfiu-L

(Ex"ess Rainfalr ) il.ruansa{ nduflni2r ihurlficrndtnr:

0.8 0.'t
L

ulrs rarlfi.niilr

(S + 1)t" (7.8)

Nr' ,.0 drlr:n'lfiurrrorHruff.r t

1900 s
0.5

CN

7 .lt

t ila f r {urinr rla rnium.r fi rmj

L
IIA IlU L, cN tlflg s

rIa

L

s

= r vu v,l 'l{ rr lnlnlnnqn'lu r fl.rrnrlrr{n ifiw T .:aanua.r{rfr r iurin

= rl ilrruflnun rnfl.r{n'lun r rnniufiiaa 'r{ufr ioiluaqif,ud''r

fl'l s ttog cN lsnrir rn".:'hfirh

{ , <u d < . w ,

10 n a lnvlno"t1tJ'tuu.tll flntau 1 fl1ll rlj141fl'l Time of concentraEion

fi'r*nou*lunr:r.rfi z.e

?,3.6 n1rt0'ann2'ut trrtf,umldu r diuhrdur: Rarional

nr ru r hrra.: {ud'iffludun r: Rarionar c:1Hl rnilu}rjidr.! r re r

n l rnn tli 1fiu r ?n rfiirir6.rgn uoli:auiln r: I n'niin rlnr utrrfumoa',0', rniaanuuufioi

I
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fl1t 1.114 7.5 d pJ{n:drvir.ru r Time of ccncentration

ihlhod .nd Drl. FormuL fo.,. (mln) ' Lcnuft

Ki.pich ( 19,10) ,. E O,m7tl0''''S- 0'lr!
I = hnllh oI chmncl/ditch

frqtl hcrdwrtca to outlct,
tr

S = .v..{c s,ttcadtd 3loF.
ftut

,. = 60( I t.9LlH)o E
l, = hnglh of lorS.rt

xrtlrEoursc, mi
,r= .lcvrtion diffcEftc

bctwElr dividc .nd
dlrkr, fi

i - r.inf.ll irEnsity. idh
c = ictrdmct cocfficicnt
a = l.oglh of llow prth. ft
S= rloF of tlov psrh, luft

,. = t.t( t.t - C)Lo qso.lrl
C= arliorral n|ctholl runotf

coarfricnt
L = l.ntlh of ovGrl.nd now. ft
S = surt ct sloF. %

Dcvclopd fmm SCS dru fr lcwn r.l bGin! ln Tbnttrsle
*ith u,Gll-d.lin d cll.tllEl rld rlr.p lloFt (3* lo I0*): for
oyarhnd flov on cotltalta or .!ph.lt lurf.ccr multiply ,. by
0,4: for concclc chrnnclr rltlltigly by 0,2; m .djutt ic r for
ov.rl.rd llow o,l btr! toil 6 now in rc.&i.L dltctci,

Er!.rtially lhc Ki.pich fdmul!; davck tEd faom tDtll nroolt-
llir|oss barint in C.lif6rh (U. S. Eurclr ol Rt.l..tllho,
197!. pp. 67-?l).

D.vcloFd in l.bomory crFrirEno by 8ur.tu of tublic
Rmdl fo. ovarland flow on Erdw.y rnd tud ruaflcrs; v.l-
lE of thc rctardtnc! c..ffrchnl rarlc frotn 0.q)?0 ,or vcry
lmooth FvlrEnl to 0.012 ,or clocrda pavcma t0 0.(,6 for
d€ns. turr: lolulion rcquiEt ilcr.tid{ Foduct d lirE! L slEuld
tGs5m.

Dcv.lortd f,om rir frcld d.riMEc d.t. rsscn$l.d by lhc C.nps
of Engirrcrl mcth(d ir idcrdcd fo. use ql airlicld driir.lc
l'oblcn$, hI hes bccn u*d ttqrrntly for ovcrhrd llow in
urbar bBin!.

Crlir(rni.
Culwnr
Pr.cti.c
(r912)

l.r.rd ( t9,16) 4 I .025@.GD7i * ctlo 'l'. so.JIi0.6a,

Frderal Avietion
Adr nirlr.lion
(t970)

KliEmdic r,Pr
aonoul.t

Mo.lsli .d
Llorl.y
( r96r)

Atoar ttld
Ebo.t (,971)

SCS 1.8

cqualiorl
(1973)

SCS .Er.t
yclncity

.h.nr (1975, l9t6)

,.= ofriiry
l= lcnlth ol overland flow, ft
, = Mrrnln! rooghnaaa

c.rlficicnt
I = .sintril int.rr3ity irrlr
S= .vcr.8c ov. .nd rloF

MN

60 Lo.rtalm/C-t|) - 9pr
,. = 

--ieoo=S-j--L= hydrarlic lcr8th of
wrlcrshcd (lont.tl flow
porh), [r

CN = SCS runolT cffr. numhc,
S= avaisg. i.lcnhcd rlopc, S

,,= *Lri
L = hntrh of now Frh. tr
Y = .vcrng. vclocily in [.cl

Fr r!.ord lm Fit. 3-l
of lR 55 tor vsriour
3Uaf*et

Ov.I.nd llow aqu.lion dcwlqcd trom tltErrllc *avc anrl_
yria ol ru.f8c armll frorn davclopcd tutfEq; m.lfiod
rrgukcr lt..atlon ,inc:t boor I (.tintrll inlcnally) Itd r. !rc
unlnorn: tuFeoritior of intoriily-durrtidr-filqudrcy cllrvc

tivc. dirlc,t !.rphicd rolutioo for r.

Equ.lion dcwlqd by SC{l ,iom .!.iculltrtl $,.lcr.lred dir:
il h.s bc€n drptcd to 3nEll urban baiina unds 2tX.X) tcrct;
found gcncnlly tood wh.rc ..r. ir compl.tclt p.v.dl for
mir.d tIcas h tGndr to ovaEttimrte: .dju{mcnl Lclon rt!
appliad lo concct tor chrlltEl improvcmcnl rnd imFrairla
&Gr: lL .qrrllion ftlullEt lh.l ,r = I .67 x brtlo lrt.

Ovrrl.nd notri chrl. in Fi8. 3-l ofTR 55 tho* ivc lc v?le-
iry .s funclion of walcrcoursc slopc ard surfr(! cotcr. (SGr

rlso Trblc 5.7,1)
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10 - 25
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cn tr r brhrmrcru'dr,r r :o r usu rauilnl, I fi nfrir.r'r elu1llt'n

nrrin?u6n 1n:lrrbr; - drlnar - or.rd (r*.n ( int€nsity) - duration -

frequency ) f,.ruan.rlugr.tn' 7.5
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100

200

&

I,*

l0

jro
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ozso
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2ro
H

,10
il
b
220IE

l0 t5
IIINUTES

l0
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nrt{nrurtl - drlrror - Rru

to.:{.rnlalag r 6n (ntrt}i 1{$n?{ )
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HOURS

d

\
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'luu rrn:ildr.r narmrcu,jfiarnr :irirHur iu.rliiirlu.rfiafl n irdr.r

r rnrdiqrmJlHinr:i r n:r#{luuunr ruin - dr.l r rar - or',lrdu q'.roi riufio.ru:ru

nr:urinrvcrsra{ u firurnt'lu1# z.s rCouitaururrirarradncunJidrorro#$rnl'',
lr

fifi'lun:t{nrudn - dr.rr ror - nr rldlunr:rn'nii

Qulrtih
Fint
Sccond
Thtrd
Fourth

Frrqtmy(tr)
30
36
l9
t5

=B
C!
-l;.E
Ili\E
;l
F

CO
il

E

=
E

c

E

Cumulative percent of storn tlno umula ve percent of storm t llte

Cunulative percant of storn tine Cunulative percent of storf, tiir
rila fi turiac drrta { r ?o1n l ronra{du

,ln'

rlt arartrla t! 
-ana,a

t.J.....ri.a

7..6 n r 1iln l ruiin r se rural Cu
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firadrwi 't. t tlurturarionannuudlatrrlur m{.rnrnlasria q'l,frirrurailri r o

elJ .! 'nr.nr. r uriuilnrflTnrrprif,nurucriufidu (Rorlins) ua;fiuriuiujlratru:ru e1n

< .j.. . e I , , , j. l-
nlrilntluflt t{t0i:!txrln 2lQlnllrR? 'rrl8lfliu r onE 0.125 ( a,riun unt.qn,l rnmlqn

(ri.rloarnnf) driantrnifrgtrulx.ri rir.rlrnniurri.rmor'aoamlrcrll.r I nx. 1fi

aanuuulns'lfi ,auilnr:rfinfr er J

,)sn1: 
1

t

J
a 1n n 1t'l ilu 1.2

a1nn1r1{x 7

rlilrorfniu{rtra

( 1 ) urr rnrfrrir{.r(oalndnim.r Kirpich

- 3 0. 385
(0.868 *- )

4 nr.

sxL

c

L

H

5

1.1

= 0.278 crA cf

= 0.278(0.40) (45) (lOX 1.'t )

= 56. : ll?/r'urfi

ffix moo trn,

a ln rrhd 'l

_ . 3 0. 385
t = (0.868 (a=) ) rlc5

= 2 .53 ilr.

5 firdrrr:nr 2.53 lu. uB!rauiln'lrrfinf,l 25

Rrrurtrnarcu r = t5 ur./ilr.

)

th{rtrr riufiunJr nBr,in rrr ifinuuc,iundt uaciuriufiui ruJror rrs

c = 0.40

lh rauf, nr :rn'nf,r'lunr:aonuuutilrfil zs i
cf



2.4 nlrDonuuurb:wrut''ululnui; Rarionar

(Storm Sewer De8ign by Rational Method)

:alu:arrtrfii'lutio.t 1uru"n Drainage sysren) Irud: I 1:J

- ri--. ."4
il r cna!fi ?Hitriiuili io.::t rufiitrrnuu (Gutrer) Manhores u8!y10, sru 1Uii"ld.t

i ." r ,,. r.l{..,.. <ru . .1{ l'r tnout }o laJ'tu!1n{fluJLrl}4 tD1t14\tu1no tu IRnEoln{l,l't{o.: tu:1j14 7.7

/a:-

(F

L.la

c[4]h

Rrvar or tuy

t!v" 7-7 f,nuu:;ro.rrsuurwrufii'luria'tIrufi r r lu

?.4.1 U,U?X 1.r rrfi VS{rlIar',]U'lun l rAOnl,tlju

(Design Philosophy and Assunptiats)

nl roan r0ru?ia iwrufiiilu;on r flr?ru1ar lfu,ilfiuEfnn'r r n?'IJf,inrlt

tclfu ?E1ruurracmudr I (crown or rnverr Erevation) m\:il0:il rtJfii

'lun r r l rr uur: wuyrbd,,rrtn iosfE.r'lUi rr:nrX ro riuadr ur rnfiun'uu rvr r.,r

'lunr :f;qr :erI rutl .r tJf.:f,?n r..tnilcnifiuno#f; l "*nor." fi'n:.: l#ollfinfiu

R.inf.ll
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4 d .i 4I. i-. { 6 r,1loxn1Ir ntl![un., f]l1],Jn'rn l, ynuux:0riunuxtrlftx 0'r: 1uI1avIR? 1r]n1n r x-lrJ?lf r1.t

dvJ
t iurft.inlrrnrn ru rdu r iair lvaur rnria r flal r trfilrialt r corutiau ( suumain )

vrr.:firufirufiilfi xfinarn2'r.ruu?:nruila:yurufliufirl;nrlr:n"lUii national Riu?u

141u ix 1r! n'r r'lufld.!dnt fun l raonru.iumirmia fu'hlil

'lunr :aanruwio :curufi tnfu sf; .rorufi5ru6.rh 1ufl

1. fiihn'luviarul6a:cfi :ur:{Ifuri?.i tnnlnn
j.2. rm,ranzuni rirulufra.r nn rn i.:ilniqc1fi ?m n r Huu rflutinn r.r lridi

n?1 8 u?

3. orfia.raan uuu'lfiviui *l0, infi'c#is1u'lufi a.r fln ln i.rotr r :n

:$r rHilir rflfiil{nn'lfi
, "',4. n:.:arm a ttu'rufi'ru::rufiu I sfiu torniu?B.,yiar r.rhru r uiafiiHa.r

hidinr r : vfir touuuto.:yiovrr.:firufirufii

5. o s ha.rin r :nifi unnr u r i rdiq#uo N'Ifi r ri'fifi'! 3! ron'r t'lxf,o o n uuu

utardofiilyarfilria riLflolfiunr:nnolmlmlui.n (sorid Mareriar) titu z.s

iln en?u1x

6. nruunnr u r i rd.:an r ilfla lfiunr :fin r d r yyiofrurlu'r, i', fi ,o.tn
C r,u'llflntt?tnuhl

, du o.', nfirfi', * rufii'lu r fi a.rl nud r r "htri : cnoufi rs f,ufi' r cu rufi id,a u

( subareas) i'.,ru'Frncocrir.:firraon1:l i.ryi'lfirir c rir.rfllaantj'lruriori*i' 'tun:ili

ccrrnrlBrJronrrtxnin{rl O lillrngn:

0. 218
m

r E C,A.
II

(7.9)

rta = iliurrunr:lund{sh riu ru. rrrn'l/iurfi
f i d.= iufr:wrufiiiloti e, riu nr.r3

i{ ri= t$J'U,8tflDn1Il:lj1tlu1m{ U}l::lJ1UIl1 Ai

= n?Tritbl'hnltnn!E.tilu ,iu r,r,. /rn.

.1

a

A

c

I
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sJnl l
Time of concentration

t

t

f

rt r fiqn'ln r 'lu: c!u: vu rufliovrr'ltrlrncr

+to tf (7. 10)

t!a
{ "'-" - !- 1 ^ I iintet rime 1'l:0:vuc[ 241]u'1 tuallnatM lnnx3{n luxljTl

< ' u !' ,r rnter) i.rilrlfiInu1finn:tWlUUlUaEn{18lUUl (seue

?ime of cqrcenrraricr altfindra rufirlufirTn Z.f.f
:uu r r ?nififii"liln1wia :wrutrifioqrvrrlSru ruf,afiim'11nfi

Ia'r r0l'l

L

o

t

n

i=1

I

L

t Lro n?1ru12vEd ').:ll
I

L

cl o. 4t 6 | !
n2llJr,2?D\ru1)1 t n tuman?.!

1

I
I

, {. ..iI i . <I'
auln'lrnn'unrilfiinrfi :s!rgii A.'la 1 iiufirbutr.r rin unirs'Ifi

YoX#lfirnuinr:n:roinl'Jta.rilrdrurlufi#ifinuflcnfirunfi{flu 'lunrflJr:nru rnret

rime udnr':llin1rn:lafla!Ri1rl1fl78{lnunTrfliurunlrlnnro.!ffluuiridninad.r

?.\.? n't7n'ttulfii@ (Pipe capacity Design )

r i'a ! o lrngn: Rarionar qctu&idrfiilvnt fufliolnsUiil'n?TJfiu

runtnrl t :o Riutuv r mrr n t Hudr ir+inn r.,r lfi l nu'lfitln : Mann ins rlio Darcy-wei sbach

(r ) dnl uannins

1/2o = l*2/3.
n o

r d, P\2/3 s't/2n44o

0. 311 _8,/3
n

't /2s

3-22 QnD

€

3/8 (7. 11)
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a
tfiufl1 uun81it110 t lJur lJflt

a.{
an:1n1r-txn ru! nu. rrnr/?x1?r

Mann ing ' 6 n

Rrlrornr ymlyia

A(
8g 1/2

D

a

n

So

(z) {At Darcy-weisbach

a

D

RS)f 0

2ID 8c D- 
" tl/z4'o'4 t

2
0.81 l fQ 1/5

gS
(7.12t

rta f

s

Darcy-weisbach friction f actor
ato

dn:rr i.r rior ornur.rinnntn ntnn
.i

s t}l!au$rn1fl 7.11oQ, D,

7 .4.3 Htatir ':n r:aanru! (De6ign Example)

.d
?E R at i ona r r iri r'r'fi 1fi fi ru r n'lun l laa n ruu ? ylJwia : vr.r rufi iilu'lu

' i :o'
rt:sr,l4flri1.r r rilo{alnritio'fiiruuascrurrn}4'1uu'tflioMJlufiilfiInun:.r d.rdr.r

. ii -l1niD-n1raiS@.tfl 'rl'lua (Flow sinulati.on ) r ns?nun'trr 51rfltln:n:rri il

n'.rufi irorn riuoi':lrnn'irurifiarinr:oruirrurryia: w rufiirioui.rocd'ur:noina.!nr:

lnam.rfli1u:surriatairiii"lfi fi'rfiurarqirr:flr'lUr'r'n.tio.,"r lunr:oanuul
\.tialhu (ereriminary Desisn) unca u r:n'1fii6 r ild'ltln:n: ttdru: lulyia, su'ru

fli'lun r :n : rodou n? 1rnn76 { ?D.rn'r roanru.Jufi ?u io' n aticr,ar'[H
i. u .<

R'l'lx txltlruoffitnnalnnlloanNr!fl?tj16 Rationaf q:il r llll nU i6'n r r

ir n:r#nrlrr du{n1!fi'1fin6i1ln'.rluurf i i.r'lun:die vfiornul'ii a fi'lfio',nn',,

rsul Rationar tiu r.o.aing 6:su.J un! e 'lu60Jn r rfi 2.11 nia Z.1z?6NEn"tu

tllu C apacity



fi m ri r $' z. a crli'irf,nrfi': vurufi i$.i{vdfl :vnoulhu 7 inrfi': c! rufi i
dau ftuon.rlugr:d z.a lorrmrrm,ia:wrsfii rs ra.rfirfi:$rrufiiilaufi rrr fir

lunr:aonwu'lUcuf,.ri:auilnr:rfin{i s fl nruy,J.rcu.,ufiiubunj rrr rilrrj,'.
. u .{rarRat frru:ciM6nr::surufii o.o $ns rnrer rime ro uri

ilui'irornr:nrl.rrhrilufrri:.rnr:aanm:ufo , - rzo t'0-l?s
(t + 271

4' - a{t o r = nrrlr"urcl riqft/*r. tr = :auilnr:rn'nfli unc t = dllrrnrnr:nn

m.:turiuuri
-.1 < uso

ISfiUnuvla2 E UnS B rrlftU 498.[3 ung 495.55 ilnrIUoilnUIJlICr n

nnl{nrrra'1i'u unsnrrrsr ?iDdr.: rs ryirfiu 450 tn ilrait n = 0.015 i,u1

:vucr rn r'lun r:'lunrn.rfii'lur,io rs

I

IV

II

vI

7-2.2

(t + 21)

120(5)0'175

l

a za -.M 7.8 Y rtAJ,)gUlunVxD 
' 
tlj 1U

firtudruYuf,rad''r# ,.. lrnv 7.3

!i .j , .j
m {mflr 31l'lu[rlu0llYl rrr nAUxaC

BE

c

D

Tirne of Concentration (t )c
u.a .l

tllnn{?10 t glJ lul.l'lfiafl E = 10 1J114

u<i01 Tr=51J, t= 10U1}l

120 Tr0. 175
I

(10 + 27)

16711
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120(s) 0.'l 75

(10 + 27)

4. 30
x
u1/ lfi .

CTA

0.6(4.3) (4)

l1n A

D

ra
10. 3 nu. ?{n/ lu1x

(498.43 - 495. 5s ) 0. 0054
450

r1ntunr# z.1i (dlxhrr$rud.rnqu lvHa.ruT rri't f,.u.d, 3.22 6fi
r. +s i{rilrfiu e. ro I

s
o

2.16 Qn.3,/8E-'

= 't -71 l{n

1t o = 'r.?5 rln uia u i,
'lunr rvrr to r'lunr:tun m rUitrai,

i.rrnolrrir'rfii'harfira,rbnrn p = r.?5 {n

0. 0064

fl(1.75) 2

4

3/8

, #'lfinr tniurorillliru r tr

2.405 inzA

10.3v 2. 405

13U!r ln1lun1l ll4otE.:U',r llME B

450

't . 15 U"tX

4. 2A llfl/?u1xI
A

4
!
v

105 ?U1vl
28

nrrouijriilranr isrvb tmn 1 . z5 I0 ocili'Ifi innr:niu?ilrir rsuc,

rrnr'lunr:lvnmlfli'lwio EB xlnn'i1R?rrrriuoi.:fir.r rx:rvnrrloi.tuHr[} lc'ho

"trirftnrbrrurn 1.75 {n

2. 15 x 10.3 x 0.015
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.,,i r .,1 -. . .,1 .4 ;a
n?au1.rvl 7.3 ryuvl I w 1Hfi1-tuglr?r 7.8 N r'illvrvr.rlDjn e7

V a f .'- . {-" 'r$Jrulitiosfr ': z Iurraiufr, hurvnvourur lny rnrer rime ;1.: ufia.r'luflll1.rn'

?.? n? arsl1unufi? Trnlnr x?6.tvr'a tsuutri ee, AB, ac rr83 cD r6n{au1u

nlrlirn'7.E nruunirsinr'ln?Ttr-tlrcudliliun'lmanuuurxiaufi'lUluHratir.rfi z.a

t!fig Manning's n = 0.0'l 5 a.laAntuiJyia I $J 1u1f1ilu

fl11'titvt 7.7 r,ofi nuruvro.rilrufi"rsurHfi1'lufi rodr'rfi'

ri
liljvrt0 I fEl

t.)

I ]
l{u?l

lwlu'u'tuag

-T---
llllTl a.l. n.fiiilr

(rarroi)

fnlet tinre
t.I

(ulil)

5
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10
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3

4

4

5

I

w

0

0

0

4

4

10

l5

t)

15

0.7

0.7

0.6

0.6

5

5

5

5

5

II

III

VI

VII

? 6711
al{.aar'<
?En1lA0nNJUtU1rMo I W',lUglr,lNoU26yr(fl R.: turr?AU 1.111

EB

7.2 [n
{ i -..' - Y

Time of cdlcentratiqr m.:mJIl tlj1ul]'lYlln B unY c ASfiOill?NI.l

.J-". ^ ,.' , " -. uInlet Time IIAV'VUS7|U1 l A luvloyaU lILEU1?A.llmlu flnnllaAfltuLl

ua aglurrnzn'1 ?B itnllltlr' z.E

nllAAnUUUua AB
, -i' li'

vlA AB vllr4ulvll W'luulAa n a'lnluvll CU'luU'lUoU I ltf,g rr

a 1nn1t'ti,?t 7.7

t0.7,A

f-2c2 =

2 rarfEl, c 5 u114

oz o-7,3 talml, 7 ulYl

,|



ECA

t
c

I

D

7 -2s

ClAl * C2 A2

0.7 x 2 + 0.7 x 3

7

120(5) 0. '1 75
4. 68 irlr,.

nr . rln7 iuri

)3/ e

tn

= 3.5

E2

a

a'1nfl11'l.rll 7. I : s

('l + 27)

I,CA

4. 68 x 3.5 16. 4

0.0081
o

2.16 x 16.4 x 0.015

./6:d6T

1. es trl

'lU o 2.0 iln

Jt
fr}llrnu't tllar ruyra

[(2.0]
4

16. 4

3. 141 6 
'ln

s.22 tler l1u1?l

105.4 ?ulvr

D = 2.0

5

A

L
v

3.141 6

5s0

1 . 76 U',lvr

22

fl1lo0flr,r1J1J?t0 BC:

' . -; ri
?ra E ?r 111u1I? W ',ruula',tn 5 InIIIWTJU1UaU (r, II, III, TV

(e ) o rnviaunc v) ilfidlunrtryb Bc rlnln r, yrr.rlhufiuin (1) alrMb EB

(3) ornilufi':vur!fiidoufi' rv 1 
r+ ; ornirufi :n rufiirhsv'' vAB tlnv

rvu! r ?odfiilxnr 1n?nfi 1nnfi{ndryhrvrb EB

rfruh.nrb AB

frntui# rv
. -{if,1?1tu Uy] v

= 10+1-75

= 7+,t .?6

= 10 U'rn

= 15 U1?l

11-75

8.75

u1?r

u.Ivr

(
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-aRiluu t

3.5 + 0.5 x ,h + 0-6 x t+ + O-5 x 5

10. E

I ECA

3-79 , 10.8

15 Ulvr

12o(5)o'17 5

-(irt-?r7
3.79 u?/SJ.

40,9 2.r!n/iurfi

o.0054

t2.16xt0.9x0.015,,
6d66[

?.E7 In

3.oo tn
D 3. OO iln

c

xcA

a

I

l1nn1llitx 7.8

os

D

A

3la

'lUD=
ulfiirililvnr fiurb

tl (3 )o
2

ulvl

iln27.o7

40.9
7.o?

000fri
1.15

L

5.?9 flu.{n/?u1x

69. r ?U1vr

n1monlluuha cD:

via cp nrutrri':cur!fiirrnfi.r z il#rvurufiidar rrrr,ru#flilru
.'" ;, .ai'tnerM lnflrftn (r ) ncr lnu 15 u'Tyl (?lln B) !?n 1. i5 u'lyl 'tuxa 

Bc'c
(uia = rs.15 urfi = 16.2 !d) ufi.rornfiulvnrrrnRiuamrturnyrblHlnflio'
I -,i'o*., , .i, - : ;-

r RU1rnfl4 t! tunl lao nuuu?lonaflnn'r ?tJ ttln i t I ac-tn11l,l.l'lrMa cD xhirntl = 3.50

ltgl fi.r udn{'lunr: r{fi z.a



n1l'r 'r1l 7.8 nlma n[u[M'a l c! 1uiliilul ftJi; Ratid]ar (firatir{fi ?.2 \at ?.))

I
Sewer
pip€

2

Length
L

3
Slopc
so

4
Total
area
drained
(acres)

7
Rainfall
intellsity

8
Design
discharge

o
(cfs)

9
Computed
sewer
diarneter
(ft)

11

FIow
velocity

QIA
(fus)

t2
Flow
time
Ltv
(min)

5
Ica

6
tc

l0
Pipe
size
used
(f0

I
(fo (fi/f0 (min) (in/hr)

EB
AB
BC
CD

450
550
400
450

4.30
4.68
3.79
3.68

10.3
t6.4
fi.9
s6.3

I .71
t.94
2.87
3.22

t.75
2.00
3.00
3.50

4.28
5.21
5.78
5.E5

t.75
1.76
l. t5
t.28

0.006+
0.0081
0.0064
0.0064

4
5

IE
27

2.4
3.5
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7.E nA ( Enpirical Methods )

lf,i{nururuf,aur6n:r illniflniur',r''nr.r, i"'lftunl rxnJirryffTi?!{{qo

rm$uilfifix1{nruaTrimr{rfiiuwilu d.rnrrah.r$ntririlnifind.rntitrrJnicslfi6nr:
< . .,1 ...., .
:- t nrrvrirn rldmu r: r n'ni'rriu (rr<,od Frequency Anarysis) rlrcnaufiunrritnrrcli
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riuuuuu r.rfrn fu nT :ilnu, luj :s rr rtlug

7.8. r 01pr-9., is ( 1975 )
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0.532 0.858 0. 489 1.153

7 cu'l'r.! too-aoo nr.lu{ 1fi'tii6n1r. rnterpo}ate

r!B! ?.24 nuilndrum.rin#

7.1',! orurrJiursiil'uX.rqalu:au r0 il !a.ruifiiind n:rpfi rm rrunrr'lu

uo{16urn'trurir' d.rtriianrfilnfi'r lfiliidm,r oa.ris (1975)
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7. A.2 dr' , na.r Lcrrham (1976)
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2, 5, 10, 25, 50 tta! 1OO il

0.38

o. )5

o. 3lt

o.33

0.32

0.l1

b
rauiln r: r n'nffr

darinfii:crr duacdu T a

xun l1U unitlqlu (na: n-

str:rm) I Uff'l t }lnna.: U 1)'l 2lI

2 56.E

146

2)9

t06

572

779

q

10

25

50

100

iro,l r ruuia{n rulfi in 6nnm q r m 2

5

10

25

50

100

93 .8

252

L25

7b2

1 ,O?O

1 ,4Eo

o.36

0 .36

o .37

o.)7

0.t7

0.37

4r !luosrl{cuflnvua{

(Thunder storm) riugrr un

na.rfiiru



llorn.ChOnnat
ri(rlh .12 ll
(1.? atf.

R. to9 w. R. ro8 w.

Mocl
8ct!

7-66

5.68 ( 10.7) 0. 38

146 (10.7) 0. 35

239 (10.?)0'34

406 (10.7)0'33

572 ( 10.1\0'32

?79 ( 10. 7) 
0' 31

T.
3r
N.
T.
50
ttl.

'1 .25 lng'lidul:tiiui

ou.{o/iu'Dt'

o o.5 I tLE
l-r!.t_J
O O.t r xrLOx€TER

t 'tn n't t 1 .tlt 't-16

') Dll 1

u 1.14 rflufi itidlfl, ?n.:uifr Heu, rorr rn iglrlai.:

(LcD/ham, 1975 )

lrurnrule 1nufltM

A = 10.7 nr.hti

niu ronr d il rotni ru{.r r{nl rn drn r ui2

5

a

a

a

a

a

10

25

50

= 140

= 335

= 535

= 888

= 1 ,221

= 1 
'624

Oroinoga o rco , lO 7 rnr 2

(ez.z ror2t

T U I
fo 8'9 Pr.!!, ,ltr o s

H., r87

a100



1-61

7. 8. 3 flfl:ia.t uccain ua! Jarert ( 1975)
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n 1:4f, n uu!n5 lilf'rvi'ul

(Deetgn of Plood Hydrograph)

E. 1 Umtl
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,. iz. n'l:di1nn t lTfij-1,1u,i14! ?u (Derlvatlon of unlt Hydrograph)
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PEt.cntrgc FEqucncy of Qurrtilc Storms.
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rvirn"urlil ronirilririu (Dlrect Runoff )
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'lunr:afi{n:r*rirvirlnui6 unlr Hydrosrapn airrhlvfi'arflrrovr

lnn:rrisaiilurirurilr (Excess Rainfall Hyetograph) d.rqcvr'lfilnunr:ui
aaralil;rru{qtau (Loeeee uio Abstractions) fitir.:rrnrdr.: r "lt]finolaan

qrn'[i r arlnn: r]irluoanuut.L

n'rril 1'[, r ar]finr 1v{sa ncu6i1! r fiu dur:nruiraan'tfi'rrJu z n:fi i,a

.,i<a u .j, ,o. of,
( 1 ) nrn lr\rfol8rlrl ttncftvruro.ifl1q uflv (a ) n:nn/l Lr]xsaHol]1vl''l fl1l'll]rfllnll 1

unfioc'ldxrlrrauinn:1r,1!a.rrludrurn'urdoinortrud.!6'l!n1:u'rn:rrtrir#.:rlrirr unv

rd, i a d-- -a{ .i ^ { | 4 r< .r u
1fi.11u 'l l4l UXllnnURfiS ?E I - lndex tUUfiUAVnA'l?n.: t O 1!n:0M 2 1j.,:ll0

rl:cd.:6'lunr:ur'lrroulnn:tiro.rlueirurfiurdonr:uihd{r.rnrltrirrirn': rdatn:rvl

- i qd ! . j ,. , .q . rd{
u'r14u{14u lura {ou.l'r |!a3 ?6n 1trrl g t arlnnr rrisa.: aludru r fiuuq v rnnnl?n,ru 2 '] riRo

.a .<l . rl D
( 1) ?E scs rms (z) .]6fliu?rua 1nn l riuso.:f1n{'L!'l!nu
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P

(1) scs?6

{uu I <
n'rrM lR I flunfl1?n { tLf, ? t1.114'lga 7.5.3

'd1197?) I nllBlr 1 lE fl ',r : n',rll 10J141

ilrr,',r',nalri5 r#'j',0'rr',uirrr ru'ir.,rr]iurrun r:nnfu rfrr:a rirr'lurjlrhli.r

l-jYM 7 So11 Conser-

vation Service

.i,
IX0(v R1

dlnr:frr.:uuqv'[fi

Abstrectlon6 a 1n'd 1

(F)

qilu

fl0

r.t ir r ruf,n un ti'l u n r : nniurlroa.r {lffr
( p" ) siailiuroilnsnrfl'h.rnr: r finrirvir

LR 11

( s ) q v rilrn"!a"n: rdru: !x-jl nrJiilT Ncu dlr l iu
j

(p - re ) i.rdrrr:nuiur r fiiru ri,udlrn 1r

I
E
S

P

I

.il
uflJ'tN uylnnn{ tun}rul

Inltlal Abstrac tlon

( Pond lng )

(P - ra) - Pe rrfic

(P - 0.2 s)2

(8.1)

, ae
naulmla? I lrJ?liNl.t H 2Ru

0.2 s n.:'llJ

e
P

a

ua

a

F I
a

e
P (p + O.Es) (8.2 )
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a 'lurlnr:fi (z.rg) m.ruvrfi ztta

ta s NI ?UI

1000
s -10

CN

a&
1lUU',)

AMC

a{. I
( t{'lx:un:0MnutR?

lun't:1itvt E. 1

ve l v I
n1r1l0tuJ{oan tfltlju 3 :cmjna
l.ri

lurfuunn tHB r oflB ) rLB! Ir r

llBV CN = Curve Number

Antecedent Moleture condltlons (AMc)

{<l
fl1i'l.r?l 7,9 1J11,r 7

.i{ . .-j.
i.:suaHnufirlfl mr n 1r tgxm.l lln3

rY.lur{n.r'lu

r (sfruiun:triiiruurt.r) rr
<i. {(fi1r4 nlomfil[lJBn ) n{ttf,n.l

n'l:1.lyl E.1 n1ltrnlUJ.: Antecedent MotBturc Condltlons n1IltlJUtlo.:

scs

Total 5-day antecedent rainfell (in)
A!1C group

Growing Season

II

Lees Than 1.4

L.4 to 2.1

Over 2.1III

e.i.int0M AMc rllullJlJvr I rr83 III
'ldfornnr:r.:d 2.9 fr?udm1r

e I d'
avno{lJn1:ulufl1 cN valr

I

CN( I) 4.2 cN(rr)
'I0T;0'56Tf ir) (E.3)

CN(III) 23 cN( rr)
T0fi;rt6-Ett

Dormant Season

Leee Than 0.5

0.5 to 1.1

Over I.1

CN(II) naflTtol].la1nn1t'1.:yl 7.9

(8.4)
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drnr:fr a.z drlr:n'lflaiurrurattueirurfiufidrrtrnr'ln r'lfiinurr':

4. . us r j j
a'nfin]1 P Ra rrlrugludgf,rn.! r ?n1uu tu!?.lvlflu r ltnn fi1 p iniurrullfaro

e1'.1 I .jrei,rlru,uniLrfrxslfi,hi6rr = o.er nrilfllJR1u0Unl1 O {.lxtJ'ltlfll1tl a

0I P rrn! P
a

l, ? fl 1?la.l

e

a'nid,rd':lunr:v'r'tfl r avrlnni'u{sa.:dlriru rfrlion1l 1n1l trenua.:er'rrt

Absrracrlon. (ra uns F ) ldruilrtlnfloanq rnrir p fi.rd

IP P

F
e

IF:TT-s

F

s(P - r )

e

(8.s)

(8.5)

?a {n1:1itlt 8.2

80 a{RlU10M1fr1

a

r:iotrvrufl'1 P n.:hdlnr:fi a. r oclfi'
e

I:P
a

fl?0u'1.Ix E. 1

R'] CN f,1?I:U

AbB trac t lon s

. .l r . r u r < au w o t<
Yt"rqHlII r nR lunw 1 tlr4.r14u { NanHoJy R {flafl $trl 2

Anteccdcnt Moisture Condition II 6a

dcdrun;1d r orInn, 1flua.icttd,:u t, fiu

?Dvl l 80

1000
-6-0'- -10 2.5 1l')

I = 0.2S - 0.2 x2.5e

eilrlrovnnftrlrlu 0.2 fi 'lriirlrorl , uu

r :xt{uuHlRu l' urlut(?!rflu

u

{ q'{ r iuniurorir F rlnt{xn1ril' E.5

s(P - ra)

IffiT+s

CN

s

,)= 0.5

{" J. "0.3 u1 tuEl ut.lyl 2

{ - -.) i - y-u? fl{trflR.: tuRanlruu 3 ?l0.rn'H1.:}4 E.2 t4s.ialnuuulaSrJu = 0.5I

tJ0

a

P > 0.5 U1

a

2.5(P - 0.5)
F=-Offi.s

F
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2.5(P - 0.5)
P + 2.0

u')

2.5(0.9 - 0.s)
O.9+2 .0

x
0 .34 u') ( n".:unnr'luaan'urifi r, )

P = 0.9

e

P- I -Fa

0.9-0.5-0.34
x

0 .05 u'l (nan$J?r 5

t d r anlnn: rilra.:stueiru r fiuqc rvirnitt rnrir.:ra l p

I

rirr r n"ruanr'luoadurlfi a

'lu:cvir.:dr.: r rnr
e

n111.:X E .2 n 1rR'IU?tll Abs trectlons runcld r arlnn:rrtso.r*udru riulnui6

scs

Column: I ,, 34
Cunulative

abstracrlorc (In)

5

Cumulstivc
cxccss
rrinldl P.
(in)

6
Erccss
rainfall
hyctograph
(in)

fime
(h)

Cumulativc
rrinfdl P
(tn) IoF

0 0

0.20

0.90

t.?"t

2.3t

4.65

5.29

5.36

0

0.20

0.s0

0.s0

0.50

0.50

0.50

0.50

0.34

0.s9

1.05

1.56

1.64

1.65

0

0

0.06

0.l8

0.76

2.59

3.r5

3.21

0

0.06

0. r2

0.58

I.E3

0.56

0.06

2

3

4

5

6

't

)



(z) i6nrurnnrnnrrilmsirn.:lil1uil

luvYrflaiacn6irrfi .rnr:ur1a t aulnn:t{mrdud'lu t iu aiuil'r:ffi

uilronirdriuflrs"lil'lueirnfrrfinqlnnr:irtaltlro.t'trl'luftu (r,,rittration) rrrirfiu.r

, r - c I -, . < eau1{rnu1 n{llu r }la:R'rr'r: ru r no {aa rdrnr:n r:iuta.rfrn.r tu Lum.laBflllJl lnR ru?tlJ

,',r'',u'drf',,drr'uufiriu (ponding rlme) rLiurnairdirn.r"hl'lufruva-.rnrndrfrril

-j?J{uugr?mi Ltn grlrlvrflnasfi'rxr:nu r'td t avlnn: rr',luo.r iluriru r fiulfi'

U-1as r txg.njuH ?flufi la r r r nfl 011.tfi ?! r n! t M)anl'rn't: nn?la {(uvi ! ?n 1uu

lrnn irdnunrnra.rdn: rnr:irta.nira.r"hL'luinr (Potenrtsl rnfiltrarlon Rate)

rurirYrdn: rn r: nnro.rairioun iroc'liirhrlwui liu uo sUiurrun r:irrsa ufrarluluiu
I' d

dvdra yrfi'l Nr lnu lx1flliuxnndcdr

e{!nr:d1rfirnr:niuronraJilrornr:irtra.rrfrn.rhJ'luiuavolrdorfrrdln'.:
. i- e <

uua-rrnr rd'{qrnrirfri'.:uuitrnr unca-nrrntiirzo.:rho.:lu'luiufitrorln'r rr*n.ra{'ll
l

nl l'1.!Yl E.3

da"[rhcn6ir ?0'rn r:ur"[l r avlnn: rflsa.r luairu r iulnu'lfld&nr: sa.t

creen-Anpt rr,irr1u atir.rl:finrri6nr:rr"lt r ovl nn: rrim.:ilreiru r fiuInBdrn r:

Horton uov phitip awri"lfi'luyiual r iurnYu

8-9

<-t n{ t+At lfl'1
v < ar a

= i 1'Ul t fllJinri{lJfi1fl.:Vlt 914?1.1 I 1fl1

t+At
<u

nun'tn?a{ant 1n r:ulm .lurnr"trL'luiufi r rnr

[fl! t+at nuaifilj

rlilrnrnrrilro.:rho.r"h'lliuara#rrnr t ltfls

r + ar nrrniriu unvoulfi'jrfrir F. e1n

i"lnltial condltlon Un11 nl}1 lA41n,{nn1l

n ru rnr'ludr.l r r o r riaurrlruuu ( t- at 6.r t )

n.!t

LInf

cir.rfudr.r r ror

nhnunti' i.

f t+ Att

Fttrflg t+atF



n.rr1.rfi 8.3 dunr':diu:'unr:niurrurlilrrunr:iuta.rrfrn.rluluiuriarirrir.rdruuilr6u rrnsud{qrnfirhg'.ruuirfiu

Equation Green-Ampt equ.tion Horton's equetion Philip's equation

(t) Cumulativc infiltrrtion F,a5,

Ft+N =Ft + KLt

+ 
'rAA 

ln

(2) Infiltrstion nki+tt

Ft+N + It A0
Ft + {,L0

F,a6, = F, * f"Lt

f, *o,t = f, - k(F,*t - Ft - I,Lt) .fr +4, = ( + S

F,+tr=F,+ /(Ar- #E
*V,-tSL#

+s[4, + *!frf'''

r,."=*(ffi-,) S+ s2 * 4KF, ., 51

@
I
Po

4F,+u

(3) Cumulativc infilbation at ponding F,

K{t 60
ir- K

(i,>&
V.-,,*r,,'(,H)] - s?(i, - Kt2\rp=i7ffFe =tK

(f, < i, <f") (i, > K)

+

AE
o

c

t
t
k

soil suctton head (cn sater)
dlfference betseen the ln 1t lal
and final mol8ture contents

of the soil
hydraulic conduc t tvi ty

= infiltration rate at beglnnlng K

= constant inflltretion rate S

= decay conatant

= hydraullc conductivity
- sorptlvlty whlch 1s

s funcLion of the

soll suctlon poEenLlal

K



:ld a.r r6n{ Flow chart'lrn",rr',,rord,hiilrY':uue'riu'lud'll
- J < oi- .

r1n1lv}l?',tn t n.! t + Ar'[n I d'lN 3 fllrwoa {ra 1:or'lfia (r) irhs'luuir':

iunnand,.:rror (z) 'triirfrt-.'ruufirfiunnandr.'rrrnr (3) rirtdld',lun'rfru'lu

rc'i1.!?ii.rr?a'r nrrdn6a'n:rnr:iil?ra.:rfra{'lil'luiuocirirana.uiao.:dnrutrnr
.c J lo-- - .i., i" - ! .
n.!uu L xa r t!:Jll1?r.tlJut{ ? ml d1 flJ n1R? 1lJ I flxrlud.!1Jfr1fl.:vld1x5utr'l.i r ?n 1 ln 1 uliY

ll'iLlUHlRunno R!1{ t ?A1fl il lvlll.lull il'l flla J t}l}l'llj lU lul V14'11{!? ': t ?ATIT{Q lln1 ttn

-i- ..li I a
u1vr?1.llJufl'r Rua lau'ru ru t rJafluflR!2 { r ?fl'tuu nlR?1rrfl uana.rrioun irrYnHnrflga.r

a"n : rn r : irao rthn.:lr.j'lufiu

n1 Flow chart 'iu Ji 8.3
A4
fiu Ilnflan'] lR']u1rxr4'rfl nuR'rr?la.!

( Potentlal

8-1r

+Ae + 1)

dn : rn r :irlo rrira.r'trl'luiu

arnril!;lJ1run1:irdvdr r.
Inflltration nate) itror t (ft

Green-Anpt

)

?rffl1n1lJ?fi

F
fa K( (8.7)

t

tl0 Hydraullc Conductlvity !O{;nl t

soll Suctlon Head rrlu *.1.

rju n./lr.

{^ ' {' '
Hfl9r1.m 31411.rfl1',r1J!11 tUflU r IJA r irJlrnCaudnn lraNlO.l

rirn-r'tl'lufru

(1 -s)eee

K

0

AE

AO (8.8)

ta is
e

Effective Seturaclon

0 0.r 1

.:tJfr10 H l v1411n

Available Moisture content
Maxlmum PoBslble Molsture Content

0-0
.L
0s

e n

e soil moisture content d.:irira{: vu'ir r

r

n$8or
er residual moisture content

n porosity
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I =t +At l=l+Al

l,si,

Ftor char r drriurrn r:iusa.:ffrn.rllt'luiuuoc r rnr;ff1 r ?u

t.ltJ1.ltl?Ru fi1ulll Variable Ralnfal1 Intenslty

..;

?il-r. E'3

Ar,=0,F=0

At rimc t, cumulativc
infiltration, F, is

known.

Calcularc, from 4
(2) No pondiBt

ahroughoua
lnaerval:

F,,o, = F).o,
calculated from

rainfall.

It sit ,l

(l) Pondint occurs
throughout lnacrvrl:

fi. o, calculatcd
by infiltrstion

equalion.

No ponding st lhc
bcginning of thc

intervsl. Calcularc
tcntativc v8lucs

Fr. 
^t= 

Fr* itd,t
and f .6r from Fl.o,

f , >i,

Ii, t, > i,

t t+6t

(2)
'...f

it1

(3) Ponding occurs during
lntcrval:

Calculorc & from i, find
61'= (F, _ Ft)li1

and calculatc i1. a, from
Fo ard L,i

by infiltr8tion cquation,

(t)

(3)

.{

.{

Lt

t t+At

t+Ll

li.o, 5 i,
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8- 13

Effectlve Poroa lty

n 0r

n15',t.i?t 8.4

n1t 't ,rvl E . l+

rir n, 0", q, unv x *iviuiurindr.r r uan.raqi'lu

nr: ri r na{n r:irto.:rfrn{"h'lu6u!a.t cr een-Ampt div:"uiu

tinci,{ r

Soll chs Porosity Eficctivc
poroslay

0,

Wct{ng front
soll sucllon
hcrd
,1,

(cm)

Hydnulic
conductlvity

K
(cm/h)

1

3urd

laamy sand

Srndy loam

Loam

Silr loam

Stndy clay
loam

Chy loam

Sihy clay
loam

Srndy clay

Sihy clay

Clry

0.43'1
(0.3?4-0.5m)

' 0.437
(0.363-{.506)

0.453
(0.35 r-o.555)

0.463
(0.3?5-O.551)

0.50r
(0.420-o.5 82)

0.398
(0.3324.4&)

0.464
(0.409-0.5 I9)

0.47 |
(0 .4 l 8-o , s24)

0.430
(0_370-{.490)

o.479
(0.42s-o.533)

0.475
(0.4274.523)

0.4t1
(0.35,H.4E0)

0.40r
(0.3294.4't3)

0.412
(0.283-O.541)

0.414
(0.334-O.534)

0.4t6
(0. 394-{. s7r)

0.330
(0.23H.425)

0.309
(0.27H.s01)

0.4!2
(0.34?-O.517)

o.321
(0.2o'14.415)

0.423
(0.33,H.512)

0.385
(0.269-{.501)

4.95
(0.97-25.36)

6.13
(1.35-27 .94)

I l.0l
(2.6745.47)

8.89
(1.33-59.38)

16.68

Q.n-gs.39)
2r.85

(4.42-10E.0)
20.88

(4.79-9r.r0)
27 .30

(5.6?-13 r.50)
23.X)

(4.08-r().2)
29.22

(6.13-139.4)
3t.63

(6.39-r 56.5)

I l.7E

2.99

1.09

0.34

0.65

0.15

0. r0

0.r0

0.06

0.05

0.03

Tha numbals in psrcnthasrs balow cach pEnmrlca .Ia onc standard deviation rround lhc paramctcr
vrlE tiven. .to!rc.. Rrwls, Brrtcnsick, lrd Millcr, 1983.
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vrR 1u l{u lf,aEnnul tlj tlltr]u r xuuf]ufl? 1}] t ?ll] illr I ttt {.!H vr Ln

Kar ..... . ( 8.It )F. * A.- F.- QAeln I Fa+ 0AO

nrdfi2un!3: f >l

1.1 3 n:ruRo

t

n:twr 1 : f <t ttdfl.r 11u1t :r,/?1.:UUfl ?nUm t 141 t $ng{UUlilut-t
* at rn'.:qrnfuaEniu ?n[41n 1riiltra {f1n.!'lil'lu;uflcdl.tn.lnooflf,?.r r, 1B'l t t

t+At a1ndrn15rdo#u4ndr.r r rnr F

F + 0A0t+At l

fi'rduuf irlilirfrr".ruuiriunnandrr r rnr
rU

tuRllnnoRg? { L 2n1u.lQg tyllflu

'16'o rndrn r:

. . Ja
[Laciliu10rn rrAildcdr r ilodudn?ir { r inlavn'1ur0l

, . , rao u r r a
rrfrR.t?'r tlr ll1D.nJufi ?ruyl I ln't r

r rir t+ At ain: rn r r ilgo ofror'lr.t

(8.12)

t t

1a

t+ At F+ l. AttL

eYot
116.:i'lnuuagR'lulul f t+ At tlnRl F

uan.:ir rflln:fiil e 6alr,iiffu-.rnaandr.: r rar E

. r . .i-.,1 -lv t+at Rat ln'lynl') I llJ?l{uull?flu

At
F-Fpt

T t

F

r1r f' t+ At

(8.14)

I
t+ At

0.: t+At

rYr f t+atS
.{{,{orv

acrnnnlfu 3 R0u'1t ltJ?iDufl1mi tutSvr?1\,

drr r rnr riruirronrr:ilrgvru r do t rnrdrlr r :lus-.ruui riu r ovrrlfrn-.:f,
p

t14

F

tlxunl f LLnv Fa o.:'ludlnr':i E.7 as"H(

K+ae (8.13)
Kt

1a

f 1a

P

t
F t

t

F IP

fi1 F t+ at
un! At= Ar- At

P

ae
lCXltnalnf,In'r5yr 8.11 LREnI:[mJfl1 F=t F
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#uqnflruotdur:nrrri^nlir.nruilueiru r fiulf( lnunr: t or!ilrrunr:iu

dst{x'lilnuaana'rniJirroiludrdu'lirayrlnn:rylta{iltrdrur frrqcur'ldrrnrnsir.:sal
.il a ,

rl1.ld1u L nu ! xa I tx$ncsludRi'].t r 'ln't

n?0u1\ryl E.2 n'rmrnll r arlnn r 1illo.rcu'lrfl flunan'u(fi a trnt 3 !a {n't: f lfi E. 5

..--4ad
fi"tiuoflufla Sandy Loam i.!r

lrur"lE r ayrlnn: t{ga,:4uriru r fiu

Effecttve Seturation nAU Ufinl 1n! 40 %

i6vri lrnnr:rtfi a.rr d rr:"rfiu sandy Loam

ttnu

= 1.09 dN./i!.

= 11.01 ix.

= o.b1?

= (I-s ) oee

= (1-o.r)(0.412)

= o -2\7

= 11.01 x 0.247

= 2.?2 fr.
+ae

::tvj s. l+ us{n.:ls r oyrlnn : rrtlo r iludnirun'lrl'trou6'# z 0a {n'r: 1.r

ruollataulnnr'rI!0.lrludldrnTrdniurrulfluoadr.iirl r dufi6rr*rnsa.rrircu'lu
e t.l

flanl]U?l 2 uU t0.l
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dgdr r!a nrJuBcfirdnDa{ltnaci?.: r ?n1t
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u ruraptfulruufl LlltN (AoTrur 
1.* ) sFo t q turllLutnurElrEuu r u,rryaul&r$g1

F[nEtpw.HuH lrtq#],]B[tuHulprtglugrqtrLBt\Ll]rruLlII (preT,( arqTesod urnru

-rxewl u!$glnnglp€r,urLluuLqrlso r, utLnrultr..Lelscnonrutfqilurrfi uLnsnru

TuLrnefl{tnF €r,u rr,otsEuu Lfl ullng r c rd.tlg 
ryN 

rPntp B e[fl eqnp qruil J4Lr rJl e[uHfrg r

t u.ngtr#NLg nrutuE+$Lglss[nucurunnrqlfl en*L.g1ngr $Lg]srneqflperuu

IIIrtLEr qrylggrLLI HLlurILsr r.ngELI

Lp ry'ru gEJ I H lLnlu l espt$Er r Jur qen t tgr uulelnL r urqfi UqLe ! L.nus LnLplp ( preTr

arEpuoces) Negusr{u}, Lr,uE!rnLpuuLnffirp ttEt{uIr€r,ur, tprrurm.rr€rru},,4tsb

ll^nr$useglLguutrugglnL Nc u b nrnmu gruu&p$rppt r. iLr4sLulslnLcurqrLy

srlErr LJfiausLpLings!tr!Lungr e0 n@nrmrroHuErqur ruirpno$uFeHIquuHStusLnLp

l lnrn ueapsLpt[ ] e r n[] Ls]eanurp p uuA ue r,.c pnlu lpaep,,wr wru Hsrnsnmp r€rru],

n*$g Fugp"nquu uu&paep u guf r u lrlrJlf Lu r r ]t p] uaLmrsut[ r. rler LsE uepuumnq

lLur uIruxnLrFsFrtLrurlLPuLutsrLu$sFrLrueunlLFr.uulllpqlmLilgryws r ]cpN9Euu1

0r- 5
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n111!O.rri1.r, (Tl f

ld, . u n rrffirifiu6: vuir.rrnrilr droiuauunccul m 21il1to.rrirl rfiufr

iir.rrfiui'rltfilrnnmrrqrrir'lnr'lcvri'lrflanrdarflfii (probablity or oericit) 0i

'lurnru#ruurcsr r(rufurir.rrirufrrdanrrgnJ:crruaroual'llllanrndnnflhluaurmnh

n'irtanurul 11 fifi r ao ruaf r rnn' drntu [*uh r iarnr:l tn rrvr{drr t irufrrrtdln m a

n'n 'llfnrdrulHran, Cuo "*"ne Reliability 'ltt rngineering rydrolos/ lDir

Lin6lq/ et.aI . (1982).

9.5 nr :urn r ru1'l inr : aa rdrl r'rrufr

(Estimating Active storage of a Reservoir)

R21leuardr.r rirufrtrur:nuj.nrmr:'lU.rruaan riu r dmda ( r ) rJiln :

lUnr:drufunr:na.quJiurunr:'lunaolffr'lun'ri'r unsr'nufrlI1ftufiu::rn.o, #uo
I

nr:fiilrndrr (2 ) ilirtr ?flqril drsfrrhrnrm rn cnau nr:'lUiir.r rflurud.rrh.r rfisr

r:
z
FE
j
Cl

-E
'rE

a@!
GI

0
o

flsifuiiriuull{({ra
-&*-

rnsimo.rnifr r ialriritir.l
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rnrvr&r.r&r{h .rffi &ffi (3) ilimrrfr:a.rrCanr:r]o.rllufrr,lzl r*udrromrrutdu

rlruurrlhufirsfr,du.ro',nqrnrfio#rqrfin{rutI rJrfinr:uaJirrrm:lrlrnnvdru,r',r',rnd

qv6nuunoancrnltulfi uKr6ui rarur:rlllu rilrnrrr4fi.rulma.rdrr r'rnrf.*a.rnr: 'lu

firUaf,cvndlrronrvnr:raJirm:'lUnr: Iftrecnrirzfiriin:rdd{vr'rlhirsrffi(yn?n rnv

i6lim.:nratffitrudr.'rrfiutfr (simuration of Reservoir operation) nrm'ntiurn:

ni:a.rrilnr:r1a.rrfurirviurlv'Ifi'neirrfi.r'lurirffa s.6 6iruJirrrn:{qrrJoirdiu:"un1!nnn]nau

nv'lflneir16.r'lutmfi ro .dain:rr{ 1 craphicar Method )

9,.5.1 nlti tnr1villhuIfi .:avolsa{AJ rf n ( Rippl MaBs curve Analysis)

crmjimotrr
.,!
tuu. -

Rippr ( 1 s I 3) rirnuu:ndr duo uu ci6nr fl r uJ'l m rt41 fl nr :mli!r.: r fnrffr

dh nr [riir.r usmtirron r rrfi amr rfrc rndr., iinr t m-:iu rrldtr.n auhm a

(1) rJ:s r ilrJimofiidlunr [rrir.r 19.1 uoaJiurnnrrdfa.:nr:frorndr.,r

{o.) 'luriuur'r.r r 'lud 2{ t ?mtlr{4l:ar1

( 2 ) nir?0r41,r m r.: r suird irrr,,frdlu nr [r unnj imonr rdl'sirnl ?f1a 1n

) 'luryr ns r;Durirl (e Dt t
fir et , Dt Hir{cvriuJrn unn.:drifiirrfirn?'lrrfa{n1, (surprus)

rnlh et . Dt nmrllvriuzu uAnrirnnfr (oericit)

(3) fliu?ffildvdrsarHdrl (0.- o.) n*nrrrr,rrdf,o'rr* uHrui

tarlilnfian:t{ d.rriun'ir lff{dvdu (Mass curve) husntlugUd r.s

( 4 ) nnJim mrrul'lUnr:sa{dr.r riufr d.rlv nhltrn rru4tuaraonn:ril

fu ofu ,r du, i*fiwir rrfrr.: rfi s.l rrn gud e. 5 Rrlrrerairiir.r r'ruffr*Ta.rnrz n"a

\,o1s,i3o f,J.ur? rdalflitrrrf,u.rradruiunztdYa,:nrrfi'r'lud:.rinrpr d.,rf,n'adr.rilnru

t irouR.:nrnl r asl 6q.l nru r ;Eu r r.rulr,l.r 1 156
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d:uclcplennuu Jurelnu ! !qlrEBur ryurgnauul

ununuqplu0 b seuauLlrulr rAugmpnlnr r em rr ur Lglsrennsnlluprlplumururgl

grncp unhnuFMluSnur.uonlug ue@ulrlsLurLuBe[tfrun[!,LuL!,qr*ucrcprennupneu

!Lsrturnbmt}rr au]Lenr Ln u@eut,tl!rurc r4Lcuuu&,lrur,rlrLULI 14dJus]rF$eEn]n8 u t. Ei
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ruuL[urBt i:rLrr{l.rl^

srJI 4sqrIauxnNrJLssLuselnLr'+Br,u]Nltl^f,turLrLpp upr q]errBep]H!sguLu]Lrrsg

11*uUruLBlinLruEsupggBU L[ruc uLrsLuerp r L{rpr.rIrr uEILJlsLureFtrrr+p!urqrL] Lg

HInBrrbNE nll$!,$e$eElh$s!$sElnegrnlLL!rsagNe#pl8Htl*luLrtLunL npApLfflut{[

sLulHLen!ilF@nErprLulEJlnLculHlpflu8rqnt$rspL[ lu!t[cLUs]r!rq]rHBE!4ut]rsELIttu

!eFrrr.ulHLUrulepu ngtnenrllulBuLltLcusulngtLryrsL!,ulcsLUst t!tflHlnElI[

euBpspLsr ruleFrLr UNIL arp t r.ltpfi[Lc t4nL$!, tuse]nLt ul,LttElulul unt

sryfiLULJI,tIEII - Rr,rl^rrLu - L!ilur1l^sttrrJLll!fi =
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cHfln*ryq rurltLtruLngI

-'Psgturt

lun*[1!ru nFr|rL[ tur lcLu],i!]tfi]rfllLB t tnrut,tnsuLfi tultl! Lun LltEtL,urqFs Lun]0Jlrst u

1s1q61u ralp f, snerL ugruLnlp LruR! t lggrirgrr qpL[nuglultuggfplugnep nrep

ngr r.Dnrrures[r/rurrfuppngr luouuuugnprfl#ruuJU tILEuBIl assLumrrsu

rJnuhnLHILrrqusenHtqnt fl s!LmLHUttlet{LJruus!l.Is;uqn*eyl

popunn*n* t rupueLruL u.unBuuE[pFHnHrlP I ]tLBe3]gcmtnLtBts ( 6 )

;n nLH 69 @u l/ilr nLH 9'?6 LI!,Luse]i

trsnn &u g rc pnlqp Lu! eJfl L r urqrtp

cr{r-ug r LSII{I@p I stu}e;#sLuptLnucuegu!

nLruL! r4n*rLf sLUNsInL[tc u,Ln r 9'5t

l^uut L,qrFNac rurnLt\ t43B as

pp[rHnH r rqlilpsFLft lur,rlstul,Lng tt],lll.Lpl,ta s]ucnnn[lBs !uE (e)
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n1lX1fl nflmelrn 21111 iEifi ,ravnuilUfiulrdrfuihi6a arurrn'liurir

n nnil duduaum.rrir.: r fiutrrCrn: nn t i rm :'lUnr r't il Yu ar'lunr utr mh druiuauda

(1) ur1nfiulfil t lt ( sotro, of concave curve)

rucfacIfi.!

( z ) nrn r Hui.r'tfi i: c uv r rirhm rrll ra.: ri r.r r ria.o mlrrl fi1uIa ( r )

(3) nrn rfhn :.:Hlfr qnuama.rlfi .rgu (convex c,rve ) m.rhruirudru

rJnrumlrlfuiN

(4 ) n?1rrn1nr xra.: r Hra r.tdnrnrvron^rn'renah ra.rdr.rlurn acfl ermfor

duriuaudm:rlr-r nr ma{ r ftr tdirirfiaudqn

nr rrr r.r n^i, d*haui'rn ?,u1 m i 1rri un m 1 T1ufl fi s. z i'.r 16 a.r'ird'r.rdi

!u1m?1re rz Hru d qc'tfiHnfl&drduau 24 trnu x?/fl
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I

fio r duaa.ri6n:rr{'tunrffi r::: tuuin:rufifi (w1n -. .U .<J
?Efl:'11{x.ld0\:1Ex

ndrrfi.:lrlt,lr:odrcfl'rrirnr:rvrn#uhi.rlf, lvn'rlffirfiu.:rnduutidiurunr::vtuu

ilum ria'lfirtfurinjirnnnr:lrnr trrrirfiu i6ilsnrhrfirlutuhn'otliriuiGdmlr:n6a

rirnr:: v r ns'll1otir.,:grffa.r

.<. r a b
9 .5.3 ?qA1m{n1flJ4ln .l',lUU0ilA1.: I rruIl1

(simulation of Reservoj.r operations )

.{g r rc
,riLixil iu1'l rn?1r1u0{a1{ r frufli I nunlra{rt}nnTJ?vm 2R?1}l?lla{41.1

d 
-{ !. .

t ruli'uilrr1 ufi:1.:rinr: i rR:r vr{dtrqrntitra.rfr'ludr.r 6r rt"r Batance) n1rJn0rnffi1r

rJffi.nuuatiir.r (@eratins.rr"; dalrn""fiulr lrnr'lirjirnrunr:'tuntUrdrl'ludr.rinrp

uncaus''jrihrfixirlfirirJl'udr.rinqrr l{ntium:rir.rfi'slrr"ilul,gr#a.rnmlraim{n'u

rJffi.rrurvhiid?.r r ?ml nr firn1?!1rilfl r nu unvlnfiinqndqmvhrfrluiir.,:ova{iLrhl

rfiufirn"rqn

( 1 ) olqrntita.rfr'luiir.:

'lfl iir.,: r fi ufr rui.rni.r ifih'tn a r fi r unvaan-nt uc{ nl'iu u d g . a

max

"t Pt

Vt

R

"",

.J
nJx 9.8 .a

fiunftJta{u1 tua'l{

mln
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s{lrn'l r drl ?ffii!o.tfr'ludr.n' a

s"tEt-Rt-Pt-Vt+ Qt+t+1

fi rd r.r r r nrdl fr unr : i r n : r cila{r 1mi'uo.rf# a r #au

.. *., J,Vt = rliunrrfr'ludrltiiailutfiau t
v.*, = ililrrffrlurir.rrfuulfsu t*r

et = uirnofrfirnrfirdr.rlurinu t
Rr = rliurrufrdurbuaanrrndr.nrun0nra.lffi.rruiir.r'lurHau t
Et = tJimnnr:rvtuscrndr{'luriau t

et A(Vr)

(I-c ) e.a,( i. )

1

A(v.
E

"t

t

a
= lln"lrlC ll'ltJ tut ffru t

!J.-. ' J. r f
= lutl TUl 1U01{ l OnE ttrt Rflr t !

-a-Lut flenr t (v. )
E

tl
rjilrrwlurir nn.rludrt rofrulu r fiou t

I

tifiuj irnrulirlurir .r r oiu
T{fila

P

IND
{ , u . :-. ,
Ra fil flI U I U dll DU',rll lc

pt

Se

BK

t+

n'rlrfinmrdu*r nlur frau t
rliurrrnr :irirnrndrllu r fiau tt
ar : (v v.)

II'N

nE(

at
= Hrd:Cl1hrf1pil laanX storage coefficient)

= nzlrTir.rd: rlu rirullrn'rqn

= nru.crir.rd: vt rirultrntrfi'

et' Pc

'lunrri rn:rs{dlpdua.:fr1ur inu t rcdu,n"2'rfllaJri1 vt, et, Rt,

c snv BK rnh?n:nn'r v.*, C*'rngfil e Inusa.:sunr:d s.r 6.rbiarrn:n

#o.r'lUi6nr:tlrd v iuuruHrullilniu?om1 prfinlnr:1fiIm:.:

uXr{.:niuromnir v
t+1 tE Ung set

J
t+1

elnr{u1r lh v
t+1

lrI,ltn l?l1I v
t+1 miurrulH uaal'irnr:
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alrignCl'a.r lhlririlrfirdl'a.rlun' v.*,'luri oulfi vr*, (d!S) = v.*, (niurru)

(z) n4nraJffi .rrudr.r rfiufr

n4lunralffi.rruzir.r tfiufr'lu t rnrrjrf ( uormar operatins nure)

firv
0R

Rt

m,'n t+1

t+1 max

t

<v

t1,l

Dt

<v
max

(n r rr#a.lnr:frrrndrl'lu r inu t )

fir

m:.n

= Dt + vspiuaRt

f,t

spi11 
ts

E+1 max

r.liurrufrfirndrurr{:clrlsfrfiu'lu r im t

t+1 max

fir <v lL det+1 mr,n

def V^in - Vt+1

rjilrrdfrdsra'lurfuu t

R. = D. - Vtt

t+1

yt
Y
ul 1

$) nrmiurrurmRJ ?l'n :'linr:saldr.r r irufr
U r- r .,{
?,u alrrnfl0 tuu.-

qlui'r'nJiun:'lUnrrsordrr rr,iriluguti unvalrf r'r'triinr:prf,ufr,rJuoo.n
tr

n'l::c luutlnsn1:Irtru uncilur'nnn.:'lurirlirir riluauri

- 'li{ v, =o

- fr nr : i rn :r ur{alqrmiua.rfr r 6arn a r 6aun na nd 2{ in rpn 1un!n1 :

rJffi uuiir.r r frufi'rdrr.:l ftufo ( z I

- n iurnmal iuronr: ur nlfrludzlinrp frufu n :#triirir.r r fiufr
N

IV
t=1

d.rrrirfiu defr 1r = oiururfnru'tudr.rinrn )
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rrirnifindrl (lower timit) lo$Jiil'n m?il1ti1.t
N

+E
t-l

uri mifi ruu (upper 1 imit ) to.trliprn :n: rrt-odr.t

s deL nan fa

( sL)ttAs st
N

+X
t=1u

u
(t" +S

2

lfiilfrrfiuirl#uriard r zo.rrirrinqn, vr= sr

rfr nr : i r a : r rr{tlpduo.rfr r irorn'a r fi aa na nd r.r i n rp

fia u.*,

udn,lir s

cifin.hr trnv s

J .Ie
r6[un fi.naflul rn ?llla

{ritln I RAUIlnn?l VI ml.n

{ ru
lairu1{ I nfll lyl1fru v

s +s

Intrhirfirnr:zrnth tnu

drulrvdumrdrl

ue{nyir s dalriln rfiutt

mI.n

firv gE
t+1

s +S
S rcriuimilhuu rnv

firrfinnr:srnfr udR.rdr s m{rln t flnr iluti lv riuin

s2
2

L

s

u
2 2

aJ
?rux 3 'lllrurdijr.,rinrr4 rrirl*nr s, unsrh r!fild a cu'lH?mm rrlyirldruurvar

RA
il a rrr. I .

!4iru1{r mInRB{n{ v_,_ u tlJr nmlt!'rfir1r ntn nam2{?nqnnrn
.<{ <.<J r r.rr c. - t
?6uruu2Dl4ll4I1Ulvul ra11u I itruIil :Un:marfi rrnai

I Cb
fi2"uJt o.to1{ I r Il1

riau'rtj'l[ursurn

9.5.4
.oJ ,

uanelna6in d12u uH?E{d1x1r0r{1?ru1 rR 21mra.!d1.t r'fiulfll fiI m,i;ntr

vrr.rfirUdar$1$f iCU (optimi"ation) tdU r,in"u, prognanming (Louck8, 1981 )

uiol nsi6nr:i rn rtu{ 1er,"ry ricar Merhod ) Irtn :.rorn}arywn1.:quniuul r du

Range Analysis UOil revjevi ch ('lg?2) Uia *,uory of storage fla{ Moran (1959)

't*l

I

?Dau.l

inri z 1lhrrrrlirr s1

1
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U:416 Sequent Peak algo!'ittun tOl Linslql et. a.I. (19@)

rluns rdun"t Haln I and't:fi1{a..:

9.6 n 1 rxd ixr I d"t ro.r r *an r rila.rllufrrilr

(Estimating Flood control Reserve )

fi rnr nJo.r i{ufr ri rl riuh qrt : v o-rodd"fi rgm.rd r.r r ilufr r c#o r fu ? rrTr : d zu

ni.:dr:a.r'lIr *onr:rJarfiufrilu ililn :Hrnrirro#o{isurnlnrailuurir.rndnrfrrirltl

lurir.ri m : r : uHr r' ffias r : w ru nltJrl r.: fi rufi r ufr'lubr rrtvhirialfi r fi m ? M Auu1u

rdawrnfiriru tunr:aanuadirnn :fr:al rdonrnla.rfiufrriu o#aurrtsurr,tamdu
*,.jfrri:liaanruru (oesiqn Frood wave ) lrnctul R?ai,ar 1?1t1.:oan rrnvl ntnJ nir'lvdlr.n'

'irlriifrag-lurrnn'rlrldr:alrdanr:rlarfiufrriu.rdo*uflt**anror rndar$rr [r{dr.r

arl6'im 6ufhri:# rn *aUr : r trrdrir.rikruruvh.r gud s . s lhorn r :vrr'r aanfi

0rlnlnra ludrdu*r*uffrrirlrirrndordrrUr{dr.rovgn:w1u!i1uam??x1.raannllil

nr.rlnufirufr rdahj'lfl:sIfufr'lu;ir.rnnh r firtjlu r rniliun: rirullnfr:ar rCanraJa.rfiufr

riru cun:cil.:br:rnrr:trurtrfrdruarnr:vrrlaont.rbn:r1.:q#lvuar'tll ( uaximum

permissibre rate eo ) rJ:4r?raalamltltlitaanrvgnnatqlrdalfifrdlundrulilrn

nirh:rXrEn irocfiuccdalllrfirffrr,iruyrrrlhufirsfii drrm t, tpJd s.s) h:rnrr
'lnnr Uroclrnn?'rbr :rnr:1rlnaan :chrfr'ludr.:o; r ilqnfr r firlrJ'lur mdilrr :drzo.r
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j. - - J J.",
r labr : rnr:'lunr [r r!0.:lrrn rufiirirrmnn'rrilr :1n'l:rfl 1ud.:{flfla{om1:

r1.:aan :shJfii'lurir{ova.rf,uunr r fi rnr: Hufirffiushusa.rnrrfrKu i'.rbr :rnr:lunla.:fr

druHucrurcmlhrny:
1/2

<e .2)a CLH

J
TA

a

c

br :rnr rlundruHuil'ru

HuJ rvRminr :lundruilrs t fi mu'leur gl hrn Desien or

$nall Dans !a.f USR, 1977)

= nttuutlsalHu ru
du _- lufUtts.titlull.ruaf,uc'ru

nl:lt1lulRfla{rr.rlhKuosrilHInt nr: r h (noure ) n*ufrriurjruiir,: rfrufr
I

unvrr rffr trufi dlrn' uur nunv fl ir.rI T uHri lyinr :n : rla{zu n r'rn: rrlffrl}rnaon ( ortrlow

lydrosraph) unc:chrfiiiuiir.:a{lurnru#ualYulHniahi rdu lhdr u lrntfiuld
J 

Huilru{,un'irriN ihafiunr:rYm*ufflriruiruiir.rrirutrrr'rlHQUfl a{fiQ1ttU1l lrrn ?1!u"t ??ia{

dcnlnurnlnunr:ritruIrjrunrrnalirrnai i.riu5.rrflunr:i.ru.,nd.rro*.raun'rir r.

nlr.r r uKroiurnmrrir H uncn:rilfiil,rnaan uf,'li.ruilritnrrslinr?rutnnr.rfrHudrnlrvnu

natj

9.8
tdq

n4n1dflln-.lluii'l{ t fru8"1 (Reeervoir operating Rules)

dr.'r t'rrufr rf, ulru#ar r fl uir1U,i1uur1f,1n C[a.rgtr.r r CauuniorrlilJ 2!nEU

r1nu1u 6.dfalinr:rrrn4nr:rJffi.rruto.rrir.r r'lrut'r (Reservoir operatins Rules)

rCa rf,uuurvrr.rfruhrf,aruqlnr:'lUair.lrnvt'rlurjr.rlfi rflu'trJn ruh El:va#rr.r11 ttnvria

'Ifirinnranil:'lurirrfl:u5rtrdniurndqn n'4f,cvlU'ludrltrnrnrilffi.rlerruJrfi 1dld

d'r,'rrfiufinuh.rrrnCr*f',o,drr,air1ur,i r uiadroirihoiln',rr,udguhoJ:ca.trinr:'lUiir.r

IIruU,I

n4nralffi uurirrilunruruu rvr'nvtolulcuanUilrnrffrtTaq.l riaurrndrl nia

lfiruornJirrrulfrff(u.rn"':,frufin'luiir.r'ludxnndrr r ua.rit dlriun'ir llf.rn4rjffirru

L

H



uu t u LnB nLt,rs i [N B@ gr{ url g n-ur1 Jrtr uuen r I ue nlnup

( arnd 6ur1e:ado IPurroN) gutlr\LpnLlg[giBtu0uor.6 
TE

;tt nLH - L[ 1 ut/tl! LUn Lnc Frlc ! t\L@nLLglrlLtlgF

0! 5 8 L 9 E t t z !

s

o
tr
zJ
Ptst
Sr ED- E)
t!
J
=E)-

I

,DI
J
ts
E

?

t
;n 

nLH 6 q*Beufi

s L UBLlt4LIl

;r nLH t r.L€unLru

. Lrule}flrrrJfrLu ;B nLH 6 LJnepFst

;r nrH z Nu 6 $Lrr^rfieLfttutlltLrfirLflgrnr3]Len[LJ,L]l ErnrcF tgl

fllueer. reLnuc unu r uncpugru rnr

8uI ;m nLH 6 sssLulslnLcurLrr.RBeuB{t (}LeuLoLtr!Luse}nrrurqlucnaLglnucu)

;m nLH z LcuuLrunlurIrLUNLrgnrcllLsntLJl,rrLngl'rLll [tMcF tzl

g pyruuup ruFpuLnf[rgrlu rrttutBsruruapr ]rpuLuueeuru]f LJFepIbeJlAu

;il nLH 6 LguEenL[ rur,(l3ruruLnrlrqnrss.LPntLJyl[nEtnll @LEr.EF ( r )

suJl nfluutuLet/(flrm 6 ffiLUanLuNftL q[nH]Lu, uleb]LeuLuLJoep NLuEU ;l| nLH c^. E . f
€ }LsuLuLf,rtul@IitLcuaull ;n nq rr [nuuurunngugnglsLs or'6 Efdnt

ol's pnlnluul]q L BLNnmlngr uueruenururlJBuu0u rBU I $LBEIBIlnLlrrsINE

sLUS!r{ urrLgn- uulltruunlnquL#UHnu r s runLuspr r pir uqex r nc r L*Fr4uu lu Ln0Llfru r } LP

ngt L,l LJflur IrslBqulpe rp qrL uqusenglLu*utlnu r ruenurg[EJuuu[?u

FUUSenHNLU ( lclltoa aeEarau) Un@,uttsuu

nLnnLnIlumlru,ul L IL,u$LnglueBlLPltiLttEnlJilruiule!nlLnsltr lsaarn3 alng)l

sw

tl

E

9

tz-6

I



9-25

llr rfl uiir.r rfiufrdah-rllt'rniuh EJ :vn.ni'lunrnlalfiufrriuair.r r iur n4nr:

rJffi.rruiirlffioflurururwrufifi.rrurnancrn.irrlfitildqnnirde srilHlrulrrbtrirlh#rfrEEr

t{r ri urir.: riut^r r aurnj r s t.,rd.rinr :'l UrJ : cI ut6t nru r adr.r ilrfi u r du

tdanr:gnj:srru ajlrn-uilrn fo.rfiufrr,irl fl&rn:cucldflr rn",rdriro,dr, rn'l

nr:'lhJ:slufliernrir.rfrrfuhrptrcn.rirnncar;r.ttrncsUnrfi{fru (conrlicts) rdu rio

iil r fin.lrulutrilunr:Hh n:sudtlflruia rdonrrtnlrvrruurndqrfiaur:'lfiifii 16 uir.n mn

t 1R1 drur ionrrUa.rfiufiiyi:u furnrrlfiiir.riilitouinriouqgfiuarn urrrvlr,i!irlvi

irT ua r tra'r.ra'n t iuliurur vir'ln'luaurnn fi.riui.aFo.rfinr r taldau (cc.npromise) iru

rvuir.rnr:'lUfiitfuinorj:va,rrieir.r r irrf,unr:ru.iuauirlcri'lfilaurcluorim.rnrr'lhir.r
{ u a I uA < . c u t t

tm2flnu1yfr.lRltnf,Sau'r.:IRUIot1coflR.t fi\tuul.t li t uurE n n1lltRtlurioul{laufltau

'l u n r : sl ir.r n4 n r r ili1ffr .r r ua'1 .r r o u nU I s d { ri r fia n n n r : fln ufi .r rra c'1fl

rinflnJ:clufifirru',ndqo hn rrrdu'ltJta.ln4nraJffi.rruiir',:raurnJ:vnvii-nnuncir.rgrl

il s.rr irrajqJtlTr:iir.roontitr rr tu wrnvttnoain4nrrrjriasftrrlfiuoznlrj lh

rJiurrui'rlurir.rag'lutm c rnJrioufroan'hJlH.trhifin lfalilrrulir'lurir.laglullrl D

cCfa.riu]daufiiaanalnt?nfi:a'rrdanrrr1a.rfiufrrilr lfaJiurnrfrag*lurrn e nrrJdaufr

rvlifinrf,urrrfrrirliunnn&rruiuauuncRnHillra{dniuun'[I'[un:drrH.rurnjiurruffr'lurir.:

nnn.:lU'lu r rr e cai daufroan t ririru n nerh uriuau r tirrlu

firadr.rngnrn]ffilruaa.riir.r t'trufruaiia uan':aglupd e . ra dr'r rfrufr

uafiaaglu{lrTrrxurudd (rennessee) drriuEirrf'rdirdaurasdr{rfrufrmndqnlulnn

ruri.rud.r tpd r.ul
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rfrnuilfi 2530, randlflJ:cnzun'r:r{ouid1 ?rl.v1u. lrl qnninur

# nrnitrn5rurn:fr nrucirl'lnr:lrlrah f uarinurht tnm :rirffi i.
1

7

i:sfln

U:vq

2

3

4

5

fr'luu 1nn;rnrl zsio ranaltal:cnzunrar::uruiirnr:tr.tln:lnrt

dRJrsrlu, In:rnr:inzu:rnr#rnr:frnilrcmu x.i. a53o

nmiirir{ :n : r rd RJ ? vxlu Mrimrrhs r mn : rlt#r :' n'r uu.t udu.

chow, V.T., 1964, Handboak of Applied }Iydrolog, l4ccraw-Hill

B ook Cdrpany .

Fiering, M.B. and B.B. .rack aon, 1971 , rynthetic streamflows,

Anerican eeoplry sical Union, tl a8hington, D.C.

Hall , w.A., 1983, clasB Not€ CE 645 : ltulti-objective ryat€m

Analysis, Dept.. of Civil Blg., Colorado state University,

colorado.

6. tinslry, R.K,, M.A. Koh1er and J.L.H. hulhus, 19@., tydrolog/

for EngineerB, third Edition, McGaw-Hill B ook cdlpany.

I

Linsley, R.K. and J.B. EYanzini, 1972, water Reaources

Brgineering, Mccraw-Hill, Kogakusha, Ltd.

Loucks, D.P., 1981 , Water Reaource qfatems Planning and

Analysio, Prentice-Hall Inc. .

9. Moran, P.A.P., 1959, The Theory of Storage, Methuen, London.
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10. Rippl ,. l{. (1983), The caPacity of storage-Re6ervoirs for

water supPly, Minutea of Proceeding of Ttre In6titution of

civil Engineers, vol ulne LxxI, session 1881 -1 8s3, Part I'

11. UsaR, 1977, Dar6ign of $rall Dans, Revised RePrint of second

Edition, Denver, colorado.

12. Yevjevich, v., 1972' Stocha8tic Proceade6 in tydrolog:)',

tlater Resources Publications, Fort Collins, Colorado.

9.1o lurJtrfin'n

(1) IaXnr]iurrrn r:'lun tn.rfih"lursifiinr ffi6.t

Nfrlr't{ fi111.r

rrl4'i'r{fl n.A. z5z? - ?5i7

miru , Htu nu. rrnr

fllrdau ,Jft. nl'r. lJo. tIU. lrfi lJH. no. 6lfi. nu. nfl. ltu. 0R.

2527

2528

2529

2530

2591

2s.32

2533

25)lr

2535

2s)6

2537

8.8

'l .4

5.2

4,5

8.0

6.0

4.8

3.0

2.6

0.3

5.1

2.7

4.2

2.8

4.8

6.6

4.6

4.2

4.9

,:t
7.0

4.5

't .1

8.3

8.2

3.6

5,7

4.5

10 -2

9.9

9.6

7 .'t

6.5

7.1

13.0

16.0

8.8

15.7

10.3

9.5

23.1

15.0

11.8

7.4

23.1

14.7

21 .2

12.O

20.4

15.0

23.9

31 .3

16.8

22.7

26.5

34 .9

48 .9

30. 3

9-2

39.6

12.2

40.3

25.9

11.5

32 -2

24.9

1 3.0

15.5

12.7

7.6

13.5

e.5

12.5

0.5

17.8

r6.3

14.9

7.O

7.9

8.3

4.8

8.0

3.6

10.3

5.4

7.8

11 .4

7.0

3.9

6. 1

5.4

6.5

5.4

5-2

8.3

4.3

5.8

8.1

5.0

4.5

2.5

7-O

3.1

6.8

2.3

4.9

3.s

5.5

1 .'7

3.4

4.5

4.5

4.9

4.3

0.8

4.5

3.4

2-9

't .1

3.6

5.1

4-2

3.9

4.4

3.5

0.4

6.1

1,1

5.1

6.5

'1.2

5.5
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arrtnr 1finu1n?1ufu rn r:fr r f; on 1rdflur svrlutrrvn 1iqtJlnfluilnmo.t
.J-i

ur rurefiueE ni l.lt uiru vmr'haTooirurrrruHnmr:fr t drfiu lo Kru flu.trlgtl

; *ro.lo.j.urluVrrn.rtior,drilflnv ro * qud.,fl arus,fi'uoo..,nn.,,

tsruHrro.rrio.t,^rf,ud,nno',nrtu Ins'l$i6Masacurve e{}"I'l

r.le"
1 . 1 W1fin?1 190{A1{ rnw1

.' iJ
1. z Firm yield vimnfi yrfi tiu'lulfi msflt'lnflltila?B.rrir.r rfi r-fiif, l'Ifi

Max imum pessible Firm yield

12 ) n 1uufl ?'lDm 1n1r M lru m i u t srwr v al t ?tauloln{ r1"ll1{

rJft. nfl. ltfl. lllu. rn IU nfi. flfi. nu. fin. rlu. Dfr

nrrivruu ($r.)
Q1nn1fN19t131U

?5 ?8 )o 35 25 e\ 23 zo ?2 2u 2\ 26

rlu (fl.) 510 15?O25205

ntmtrt v tvru:o.riliqrndr.r ui'riu o.z pilrEl{n 1r r s r vlBnlnnlnian r r: t tnu

l[Jrfl1nls'lu n1 Runof f coef f icient. tflmU 0.75 A{tt1

I du"
'r . ?rr1flnz1ijttlD.tD1{ tnuul

?. Firm yield fiunil'*rui rflulu'l?1 unc?rur'rn?1 ern.uir{ rfi Lfi d{lfi
Max inum Possible Eirm Yield

., c i. -. , - ! .jq -"hIlU t14A fllun21r,lrMfllIJ1t yllnUiruIlr2U 1 tra0't tfiiifiia{ 50 tr r,0{?,rJ1flartr1fi nrurrulTr

'luEa r

.1!l_ 1. storage (s) vs. Elevation (E)
1.5100,000 E

2. Area (A) vs. Elevation (E)

s

1.3
A

s

I
E

150,000 E

IA = storage (m3 )

= Area (^2 |

= Elevation (m)

r.Jva
NlllJ9l lfin tE l iloU]r1r,OutiUE9tr
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(i) rvrm ? rnou? "um 1na r.r riiufi rfir',ru riu ifi'lutra e iturnna ryrtr;vria"lii ftiunrrvri
.e. J ,.-- A

Reservoir Operation Study n1rn0 tnoi?Mn TiUfl lri9t.lu

f . irnJirr gr:nrr:y r humyiludm0{1uor.rornfiudfirffir. dogaot, fiou

're!dri''2. a{l]lltl lhUU1t 9U01.11 lldt l}l CriLicaI Period

3 lrass Balance Equation ! A{01i1

5 tS+tt+'l xt - PtA(5. )te t + (1-C) A(3 )t

l lJA
<l .!v lUl 1nDl lUAl{VlU01U lnall t fitaflltrlou t+1

4
urlJ1Qul tuolitvlrrutnau t

..i eo.J. <J

lJ llr'mru.lvr l?1atirlolit tulRou r
4

f:r21lJro{fl'lru 1{1na1.r tu tgtau t
u .l^ 4
aul lnll l i rlruIQRU-turfrBU t

Pt

A(3. )c

fiut mu tu I nDu r

st

Ya

xt

E+'l

t

s

e

c Runoff Coefficient
!i.* ,:,

mIflHTU',rt 06r U

nl s-.. > fl1nn21u_l fl?u u1nn't'lna11tuu spirt lns lvldllugl? "1
t.F I

St+1 = fU ffrn rfU,lfif ,r

n'r s. - < o oa?.lsi'luii1.ri"lilroil;d.r'lflt,nun?lr"aa.ifl1r v-t+I E

, .t<
tfifliru1l Yl'l /li'J

e{ ..J
'Lltlllo?1tl Spill tnt Def icit aU1{At!?11 ll
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(4) lunrtoon ruru,ir.r r donr:fo.:riurfrriru (Ftood Derentlon Reservolr)

ninun jrn: rvtrirvitloo n uuu (oeelgn Flood Hydrosraph) iln'nuruv fi.lnr: r.:

I ?01

(gl'.;
rtilrnrnrtlraso.:rh

a-l
( lri / ?u.I}t )

o

5

12

18

2lt

30

36

L2

[8

5\
60

66

?z

200

2,000

&,500

8,000

10 ,000

9 ,000

8,000

Srooo

[,50o

3 ,roo
Z,7OO

'I 
r 800

9oo

lrnnr:fnurdnrmiffrdildrtnfirm.ro'r.r lru itiurnaird.:dnfi'c s : JUru

aindr.:nqinirirriufi'o-:lr,iriu r,roo u?/iu'rfi ioc#uccrialfirilnrhilruodr.r

lullt ilyr l {n1ur4 1ul]'r

q {niu rru}a r
{t-

1 . tl :N19lld'l:A.! tltan'lflla.lnuUlvllllR{nn1 1

fiol'1fl r rorailr lfloufiqniirllr'tunlr r wluriloonilnrLirln:di lo.t2

rfionr:ila.:riuffrilrufiurirr ra.rqrnfi ilh r6ueir.t

(5) Inflor Haee Curve s a.: o' r.: r n'urfr uri.rr.ri.ria'nuruc rY.uan.:'lu :ufi r rYrd r.r
J Da

r flufrlturnnrrut rvirn"u 1o frru nu.rln: a.:yl1

- Firm yield ro.:iirl rfttrf'rd.rneirr

- Secondary yteld 'luidr.r r
!

- rtilrnnirvr'1un#ua'r.:'lufl dr.r .r



I
o\

aAJnC sseN lqoTJuI

0rsz

r ffrg
6zSzszsz

LLOL66s199\tZL 8l9s\tztl,loL 5 8 L 9 S t I Z LLI OL

09

OL

0z

0{

0t

0s

OL

08

06

001

0tL

0zt

0(r

oo\

o
G

It

o

5

o
_{

0tr



Uild 10
A - !,

n'lrln a o$n2ua0$1ll2lJ

(Flood Routlng)

1 o.1 irrir

nrrrnnr0xn-2no'td1yi?x (Ftood Routing) 6oi6nrrdrurrunlrtilGuuutJs.t

no'tnflvlf.rri?r (Flood Hydrgraph; dm:r:JduuurJnfl:lorrrrnrun:rnrudtru:#oC*rirvirl
) - , , c I t ! .: , t - I A

lR0 auolH'tua1iltnuu1l,!t0yr't.t1l1 unonflflll'l7l2u0:uuut"tuB.'lr03tJ!1ur?a1n21.11lulu0
I rr' ! e) e a 

rntrllrirrierlltflElndouei'lri1$rfia 0$n? tuyll{o.tun1u1r,l o11rJ:tn u'1 nun11tuf, u$uuR{:,ai

dr.rrfiurirnionr.rrire;irjr:Iunilion1.l:r1.,ur.{ulolnnrrilolrYurirvirl n,ltoonuu yr.lit

! - t)& 'c ! n, ' r J t . - .:!u'1u 14tr ua:01fi'1t afl1nn:Ylo,:0u tu7|ln$'lr 0u1it!1n tuunu'illna12n.tn'lT2ro"vMrr

n1'rton0uo2t 0.t1l't7l'rllr.ll$0'1,:tnuu1 B8:yl1.t1l'1

I o. 2 rl nr#ngrnlnnrritm nrn.llrn d o t i''l! oo rirvie l

n1td1rr? $n1:rnd ou"-r, uoti",riu a1f,ufl ! nlTEUon dt a.r ur nrir

Equation ) d.ro:n rirrci otldrfl urhn''rg

I(r) - Q(r)

(Continuity

ds

dr
(10.1)

nm.lrirrirldrirf.rrndounrrrir{1oft f, er:rur (lnfiow Hydrograph)

nnr.lfrilardrndoua-tosntrnro#f, r1tru1 (outllow Hydrograph)

o-o:rnr:rilCuuurJn.rGurn:orruuirlndr.r rfi urirr,rio:irlvrruir#

firr:rur

ruo I(t) n0

o(t) 6o

ds

dt
o0

:Jn6r;r:ru t(t) un:n'o,rnrrdrurruur oO uilr,inrlr:nr:drurrurrrir

o(t) ln"loun:r rdarornLiyrrru s 6liolnrsunr# z d.rusernrrrfllriuf,rwirl s, I

$B: Q 6nr;mu1:nrirurrulrr O (t) ld'
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nrn'r# 2 5o sur:r{lrffuililrliro,llro (storage Funaion) d.roqilu;rl

rorrir lun:o c-.rd

2 2d
2o, 99

dt

dIs = f(,- a (10,2)
dt2 dr

10.1

omliur{uf,::u'i1{ o uni S oreurilsonrih 2 rtuu 6o lnvariaHe un:

10.2

d I

Icunlr Direrentiare s rfiuuriu r orl; f, d*dorir ff l,Junr,u.,1uorn'l#

t o.t un'rrirnr:6ufirn:mo:1i o(t) firfluihdd'uto.r r(t)

rft ciiucrrrucdc:n rirr fi li olrJr;unndr.rriutJorrrr:rnf, tormrolrr:iu
a)- r! , , .]n: yl'lrflTrrulr'r rlrononf,2iiludr.lfiurirloui'u Levet poot dr s rsriluflirifinrolrir

o uuuLitflutdua:r (Nonlinear) n"lsrnl:

S I (o) ( 1 0.3)

rir r (o) o!$flrir1nn2usrr-uf,::u'irrnmrlto.:eirufi urir dnrrnr:lnn
, - lr .

a0nl1no'l.t ua;::cull.l luo'lit

i.la.!')-,.!t-ee.
nrnaiiarnrrsliillyi2urRE aufl? iiluill$1l,ouat Muskingkum S o:llo2'IullJrlllt

uuurfoor,triu I un: oo-riunrr

KO + KX(r-O) (1o.4)

Proportlonality cogtfici6nt

weishting raaor d.ridroqir:u'irr o 6l o.s

rmor Ko 5o Prism storage un! Kx(I-o) 6o weoge Storage lrwfirir
vir l r nC aun-rlum'roti Wopd

S

ul0 K

x

Variable o-.:grJnl
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o Wedge storage

= KX(l - Q)

Prism storage
-- K8

grJd ro.r Pdrm ua!wtogostoogclrdeo"otitdf,ott*l

t,Q Inflow r,Q lnflow

PP
Outflow Outflow

r-8

O

o

0 0
0 I 0

P

RoR,P

s
(n) Invariable relationship (?) Variable relationship

00
00 s

R

3rJd r o.z erufilrYud:=n'iroocmnrtlna (Ql ralrfir.rnla?1rl (s)
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vl.rfi'uorrlruuu tnvariabte s = (o) oi3iln' r o.z o:lf,ln'riunrrrndouir

ro.rrirvirudrurhrrfiuriruuu Levet poot (eir.lrfiuriruuunir,run:6n) dlfnnnr:lunoong'r
rn (Peak outllow) o:o-on-u lnltow hydrograph rir,:riroorrlo rdolmnilirrn:orurdrltfiu
! a, /ll'ltllto'ln tfle lrD

ds

dr
l-A = O u10 l=Q

,Jr ! l, ,l .rlv ll d'Ytullllotfrllurn{in lrou g"rclo u7ltnfl .! go ?11 Llt 0 n7]n1: tll 00 0 n uR'lB.l' 'at'-a -n a i i il
qeolu

rl,:6**orrr4uuu variabte (grld r o.z r) o{f,rTun:dr0.tx1.ni1t iod"I.,tfi!
,.,
riruuuurrun:uouofirufir.trir 6m?nnllo,,t Bacl$yater Etfect ot$Hnil{}i Q u03 s fin11n

ilr{uf,uuu Twist€d Loop r'hbiri'nnnr:luaaong{qo (Peak outftow) rfiaua-.terndnrrvl

r(o) uB: oO n"cn-u io R !rs! P 6.r1rviufi'n

n:rtfi Badocater Ettect i6fltrraldu1n Loop rittnu unla1tfir1tnn'i1tflu

rfrun'ruqnrri'ruriuil::lugrJd 1 o.2 (n) n:6dsrur:n1fi 'rnrrirntr:rinrtrnCslirrolodu

t['tti.ruru Level Pool li

1 o.g nrrredondrzoodrrilrdro,firti. (n-.rrotr Rouu.E)

iinrri ro:r:rinr:rnd ourirt o':rirdrudr.rrfi uirfi o:ndmfi .rci otjd6 oi't
Level Pool cilErJ# r o.s toso:usnriirlrui l,l1 outtlow Hydrograph, oO s ii 6o

- iinrrtirrntrr{ Storage-Outfl ow Functlon

- if tterative Trapezoidal lntegration

- ii Runge-Kutta
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Level Pool Reservoir

H

s = r(a)

a:f H

utflow

Q = CLH3|7

Q (weir flow)

d (orifice flow)

A = C\nsH
5

a
lnflow

I=Q I

grld r o.s n1rrnd o$n:t oorfryiz lritrdro.iiurf"Tn ue6 Ldor poor

f o.s.f iiir+lon:rd stcagoouttlow Functlon

J- -tfia6ufirn:vrarnrr 1 o.1 h:i2nr?B'r iAt ti.r (;+ r )at 1o I o:li

,of,l)A' 
, t,r o, - luil'o'o u, o,fsj + I

'sj
ds (10.s)

sllfihi (t) uo: o(t) idliluriun:lturir*tnl At 1c 1 @t 6.r (+r )At)

l:arrr:nriuuarnr:d r o.s lurilei,i'ld 1n:rJ# r o.ay

S S =(
I. +I.J J+ I

, r a, <1l3jlr a.F J
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lnflow

Time

Timc

j+l

Outflowi5

I1

Q-,
Aj

s;+r
S;

At (j+ l)Ar

l. +I

g
o

grtd r o.+ o'ntr nrrtdds*uilaorliilrnrneulcirslud'ro RouurE P.dod, At

fo rn o rd icirl{vrr l e'r ulm! oc ;ld

2S.,il.o 2S.
, .,ai a ( 1 0.6)j+l ) J

2S.
lunr:rirurruu' I+ I

lfi'l q.l oln ---r-:- + Q.1+ I e;cio.tvl1.lu storag€-outflow

- 25
Funaion lunJta{ (+ + Q) rra: Q d.:rtur:odruenrlci ornlri.lorru1-::fiu uo:Icilr 'At

,)
00fln1t ['nn00n-r:9uont Yl 1 0.5

riouic:drurru e ns{?i?t?ff'lcio1il (+ t ) At 6.r (pe; At o:o-oldrurnrur

t1n6!n'I1
2S.

J+ I

(S1i1 - S;)

6,

T

+i&

I

2S. _

--4*ej*r

At aj+l
2S.
i1fl+o1*, ) -2Qj+l ( 1 0.7)
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Outflow

Storage

Outflow

(h)

(a)

(r)

0o

H

I
I

I

I

I
I

Wate r surface

clevation

t
I

I

I
I Storagc - outflow

function

+Q25
A,
t-t- t

s

H

I
I

I

I

I
I

Water surface

elevatron

grJd r o.s nlrtlho sbrlg.outtow Functlon drniu uva Pool Routlna

iro rirod r o. r dr.r rin rfi urlrrCanrri orn-urirritrsulfi uliond.riari.: rir.t

'r .j tl )^ !
a{1uuur6l if,ufifilililrriu 1 rorooi fiaror:mrloon (outtet) ril*riono$nif,rfiilJrnfin

xulorfrurhfrurtnm.! 5 r'li riruucoruf,lrfufi:yyir.l H-e no.lalrtliyn{osnhic-ruei{1s

o1:1ld 10.1 rta:d1n$o tnflow Hydrograpn lin-ruanilunltr,rd 1o.2 rnrilliuulnrrll
! r - ) A i , ) - - ,,
anfl n'll 114fi 00ne1na1{ n1auuo210'rnttrirtrl0fr0uu17l2lJrfi0aun? t11no'l{
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o1"10d 1o.1 n1:ni1,t Storage - outftow Function rhrlriudr,rlun'radr.rd to.t

Column: I
Elevation
H
(fr)

.,

Discharge
o
(cfs)

3
Stora
s
(ft3)

4

se (25/A0* + Q

(cfs)

0.0
0.5
1.0
1.5

2.4
2.5
3.0

9.0
9.5

r0.0

0
3

8

t't
30
43

60
78
91

tt7
137
156
173
r90
205
218
231
242
2s3
264
275

0
76

153

235
320
406
496
586
678
't70

863
955

to44
I134
t22l
1307

1393

1476
ls60
1643
t727

0
21,780
43,560
65,340
87,120

108,900
130,680
152,460
l'14,240
196,020
217,800
239,580
261,360
283,140
304,920
326,-tOO

348,480
370,260
392,040
4t3,820
435,600

3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.s
8.0
8.5

*Time interval A, : ld min.
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n'lfl.rd 1o.2 n"lrrhu':nrnlrlndoucr"'ualnduriryi,urirudrilun-rorir.:d to.t

Column:
I
Time

index j

2

Time

(nrin)

3

Inflow

(cts)

4,
11 * 11+ r

(cfs)

5u
Ar

(cfs)

6

Qi 4p + o,.,
(cfs)

7

Outflow

(cfs)

I
2
3
4
5

6
7
8

9
l0
ll
t2
l3
l4
I5
l6
t't
r8
t9
20
2t
22

60
t80
300
420
540
660
680
600
520
440
360
280
200
t20
40

0

0
t0
20
30
40
50
60
70
80
90

100
ll0
120
130

140

ls0
160

170
180

t90
240
2lo

{o\- 60
t20
180

240
300
3@
320
280
240
200
160

120
80

_40
0

+? 0.0
5.2
l.l

0.0
-'-'.. 60.0 

----------.----, 
.2.4

5

20
378.9
552.6
728.2
927.5

1089.0
I149.0
I1J4.3
1064.4
954.1
820.2
683.3
s55. r

415.4
318.2
272.8
227.3
194.9
169.7

235.2
501.1
798.9

1092.6
1388.2
t@7.5
r689.0
1669.0
1574.3
t424.4
1214.1
t020.2
803.3
595. I
435.4
318.2
272.8
227.3
194.9
169.7

17. I
6t.t

t23.2
182.2
230.3
259.3
270.O
267.4
254.9
235.2
206.9
168.5
t24.t
79.8
48.6
12.7
22.8
t6.2
t2.6
9.8
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2En'l rirnuotri n = 1o u1fi nio ooo iurfi
.l , - t !- - e l

tuEt0'1n01{nntnu$ll&Ju{au [uu$2niti

orutdr.t (S) = as,SOO , omudnto.tril

arur:ndrurnrul Storage - ortllow runalon (fr + a) d O rir.r .1 lcior-l

. '.4 )
uEon t$Ro0rrlyl 4 n0{o1r1,r7i 10.1

.JtruYl H = O.5 flo

o = s nu4nziurfi
S = 43,560 x 0.5 = 21,ZAO rlo3

2S

li +c 2x2l,7$ , ^6(n -rr 76 s .Yl0/?u'1Y1

rdorlr fr * O lilnffanrfiuun-u o e;linnd storage - outlow Function

e{tll7l 10.6

o
3
G
ao

280

I40

2@

r60

t20

80

40

0
0 o.2 0.4 0.6 0.8 1.0 t -2 t.4 1.6 l'8

dd

25l\t+Qlcfsxl0l)

storlac - ttriliou Futcilon loodron-nfiurirrflonrriloorinfrriru

lnr-eod'rod ro.r
10.6
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rirnr:rirurruur outttow Hydrograpn lio-lortrrd t o.z ri.:d
)tfrorautrar i = t (uiorrnr =O)

s1

2S
Q1 = o (dr.:u#.:)

.o
nr.rloziurfi

I
At a

Ir=
lz=
(t, +tr1 =

olnnrlnl# 10.6
2S-

Zi*o, = tt,
2 S.

12) + ( Ai-Qr)
60 nu.r,loziurfi

o

60

60 u'l7l

/1yt1?l

/1

RU.iln

nu.rin

+

e'lno'l'rit7t I O.1

nrcir Q, r'ln Storage -outllow runaion luJrJd t o.o uiolnunr: lrterpolate

(3-0)
o+06-o) (60-o)

2.4 nu.rlnziurfi

Q2

YloTI!s!?81 i = 2

2S )
& a

2S"
= (-^4+a")-2a"

AtL'
60-2 x 2.4

2

= 55.2 nu.rlnziurfi
25" 25"

Zi *q, = (r2+13) * (Ai-qzl
= (6O+120) +5S.2

- 235.2 nu.rlcrziurfi

Iounr: tnterpotate rrnnrnld 1 o.1

(30 _ l7)
17+ (235.2 - 235)(3zo- 235)

o3

17.1 nr.fln/2$1Yl
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rirnr:drur llrhuolr6urn-urhuiu i = 3, a,..........cicie na'.rotl{d 1 o. 2

riorir outtotw Hydrogr+h drirurrutililr,rfronrfiuuriu lnflow Hydrograph

n-luro.r1u:rJnt t 0.7 c:rfiu'ira'n:rnr:lunrfrg.rroicir 360 ou.rloziurfi durfid oo uo:

a'orrnr:lunoons.raoiieirrvirriu 270 nu.y,loziurfi rfiodurfid 80 Hnnlrdl$?o{$no{d1
. :l' I

dornr:rinrfiurlrEn s.zz r{n (Iounr: tnterpotate crnnlm,rd t o.t ) rirf,tr:nn i1 g.tt
r,ln finrfiutj uio o = ezo nu.rlnziurfi firirrrnrfiul:J orcficr:ruuutu:ruroiir.t uia

l*rnvior o.r orormr,: a onli

400

350

300

2s0

200

t50

100

50

0

0 20 40 60 80 100 120 140 160 t80 200

Time (min)

o lnflow . Outflow

grJ# ro.z , ) u t, vntl n.ltteaort?loil$1n?rMua900no1na10

ir*rnrTnsii l,.yGl Pool (clw, v.T. anrl ctrt. 19EBl

1 O.3.2 i6 ftorrttw T?.pdoldd lntcSratlon

Fread, D.L. (r sss) llti herative Trap€zoidal lnlegratlon urisrnr:eunn

xonxifldl (mnr: t o. t ) tCour orttlo* Hydrograph. O(t) o-.rd

(A.+A.-)fi..-H'J Fl" Fl

]o
tr.

ds

dr

A

H

.)
J.

llrt
zLt

I )- ! , )l
fi $fr ti?*1ro.ro1'!6il:|uoununl H

oml6nao.rrirludr.r

rta

( 1 0.8)



ce Il! 60'0 st lr ul* t'0 ltFtutltno:ttl

( sruqr mBr Jtln nnr4l,u ryr )

( sr utp rr gr p1n nnrp,u sp )

:un r'h;un 't(o ''.b

tYz

(3 -r{111-(3 +r{H)l

x3 -t{Dl - 13 +t{u)l)

(I+{U)l ron uollp^uoo

LlrnLrucp h = '1*L;.grr5ltl
l+{g = r*1, grrlnuln L[L!.l[,

6'0 I y3LuBEToB0!0t4blL[rerl

Jglunos uorlPJell

3t It

( r r.'o l)

(6'or)0=

I =I ll

(I{rD.l

rt{n)r

,'-{'

('-h)l
('-lu)l

{ opt

,*v

r*b

ple.uLuosqdEH-uolr oN lLnul 6'0 I pctunuutc ]*tg untrcnup

.u1 t{v:un t*lg ugutrurunul:u t'h upiu-u

Bur!,nl.tlrFtrlrr], 6'0 t pswrtrrl

,r+{r- t, (r{v * lv)
.7,2

-t 
I _ I I

t*{6 * t6 t+fr* [,
wz Z

-( z )= (

rp

sp

l+{6* [6 tt{r* [, ,t, - lt{, (l{v * [v)

pr]rplittrl t'0 I p3Lun8$ncrusLttr-u.u I'0r rtuft!flIsu 8'ot prLulrEuLu

Lurrron!:un 6 u1 w scpnlllurqrrl1rLl.g (t)o :un (t)r uggnru

8t-ot



Fread, D.L rfluo'j'r ar o?:iriroi::u'i1.r ff Ao 
,oI {r, = rouflnrtfiodr

10- 14

(r) - o(H)

A(H) dH

(0 - Q(tt)
A(H)

(0. QGD

A(H)

I A-: , ,aI
fr $fr A?fi ?anEil.t.f.tiuodnufi'] H

ll

aouirriru)

?r'r2tr (zssa) le'riourhhun:ldo HG-m. BAS frniurn:drurr*nr:
,ndouc"r:,aulrrirleirudrlrfi urlrlouii tterative Trapezoidat tntegratlon

I o.3.3 iii Runa. . ttutt

if,nr:un-sunrrslqoraurnrlrrConrrir oO mlr:or'hldloultiin, nr.r
Numerical Method rriuifr Runge-Kutta Ie ut:nd,.l?6.:tott1! Third Order Scheme Runge-kutta

r.rnnrln1:sufl a!,oor.oti. (runr# t o. t ) rdof, er:nrir x rilCuulilnrr

r?Rr t un! o rilurftrii'uror H r:mrnroriurrrrnl: 10.1 ld1uri,i'ld

tu

ds

dt

ds

dH

dr

AH

a;

A(H)

( 10.12)

ll

rir at irirriou r:suu6'jr H e:uil:fiuuuurduer:lrTurrnr (t) o-l;:Jd r o.a

0

firrsr ldr i+t 1o .l Inuii rtrira order Runge-Kutta rluil{ At asntilrr 3

rirurrir I n-u un'rrJ::riiuri', f; n',rd''6', s n*.: d tnr,,rt , r<n, -$l oi *Alt,

(H +?4H2., *?A0l oudro'u
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A,

AH
A

oPes
I

i
AH

Hj

s
LHz
A,

lj*t

lj*t

ljrt

Time

Time

Time

AH,
Hj * -r- Jo",

Hj
I

a
I

I
I

Lttj tj +

1

3

A

I
I
I
I
I
Ipei
I
I
I

os

LHt
T

I

Hj*

co
GI

q.,

q1 LHt

2LH2
3

----1

t1

Hj

lj + 2Lt
3

pJd r o.e ifinrtrirrncir ax ln n*a ffi., sclilro RuEidott

-----.i

o
I
I
I

tj

@

I
I
I
I
I
I
I
I
I
I
I
I

o
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un'r6orirurrucir au drd

AHt

AH,

AH.

AH

Hi't

I(tj)-Q(ttj)
&

A(Hj)

,,,,.f5-*

(1o.13)

.41J3 At (1o.14)

A(H
AH

.+..-J3
I )

r{t, +?At)-ecr, * AH )
2

3 2
At....... (10.15)

A(Ir AH
2+-jt

AH

2

AH

4

3+-
4 3

(10.16)

(10.17)H, +aH

,davrrru Hp1 o:nrur:nri1u? $'r o(n,-,) nio Q firrnr 1*t lei

riuoounr:rirurilu'l o(t) Iouii rniro ovder Rung€ xuna uen.:aflupJd t o.e

desrirod I o.z tritf, rniro order Runge-Kutta dtnr*nr:tndouirlo.l
odurirviueirurir,rrfiurirl$irodrl# to.t rlruuclrilf, H-e curve luornrd to.1 un!

liruun tnttow Hydrograph lriluoof,'uriii I trni 2 ro.re1Tr.:fi to.s

i 6rir rdorer n dr.rrfi urir rC o nr:il orriurl, vitrluo-r o rir'rd t o. t

irri.rdrro gluuurdr ldudarrir a s,soo or.rln

A(H) =n 43,560 o:.r!o

At = 1ourfi = 600 iurfi

)

)

I
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Inirial conditions
RcscrYoir watc, surflcc elcva-

riofl,t=O.j=l,Hi='l

Vary timc/l+r = a, + A,

ne from inflow hydrographl

l(rjr, lQt ++l
ro1+ lut'

D€termine O(Iri) from clcvarion-dischar8c rElrtiooship

A(H)
Ar

l(tj) - Q(H)l

AH,
Dctcrminc Q(H., + -3- )

t<r,+\l-otu1 *All
aH7 = 6t

AH,
A@t + -t-l

a/rl = Lt
22 t'

1 T
2+ T

t(\ + A') 6HzQuj
LHr)A(H J

Dctcrminc O c/j + !tuzl

6Hr
AH *or,4

+

No j 
= j+tHi+t= Hi +AH End ?

Stop

Ycs

grtd r o.e Flow Gturr nlidu?ornltndori.raoorirritrdrnrirotfiurirleuiil
nrltd Ord.r SalEltt Rungel(utte



i,ro', t, = o

I(q) o 'Hi

10-18

o, o(Hi) o
(tj)-eGj)

&Ax A(Hj)

0-0
(43J60)600

l0
0+J u1m'tl

,<,, *lt,

0

A
I tj*n1?

3

rr,, *4v=2s,r,.*=o :e*j.*, = o

aH2
rtt.*&l-ecl,**',

JlJJ Ar
AH.

A(H, + --J)

= 120-o yooo
43,650

= O.28 r'ln

{n
2

l?o1 rj + 
3

Ar
20o*T tal'l

H,+ AH

40

)

2 2
0 + 

3 
x0.28 = 0.187 r{o

J 3 2

AG AH
,,

a
+ ) = 1.10

J

AH
40 - L'0

( 
43rso )6003

44
1

0 +; (0.s4)

o.se vlo

A,, 3
AH * AH

1

o.+o v,ln
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,1fl 0d I o. g n1ri'rr.i$n1rrn d o$fi2! ouirvirlrilrriro finrfi ufrhse6
RurElxutr. drnitfieorhod t o.e

Column: I
Time
(min)

2
Infow

- (cfs)

6
Depth
(f0

7
Outflow
(cfs)

3 4 5

AHr AHz AHr

0
l0
20
30
40
50
@
10
80
90

100

il0
120

130

140

r50

0
60

t20
180

240
300
360
320
280
240
200
160

120
EO

40
0

0
0.'t9
l.4t
l.6l
r.59
1.62
r.79
0.84
0. l5

-0.37
-0.75
-l.03
-1.19
-1.21
-1.15

0.28
1.04
I .51

t.62
1.58
1.66
t.42
0.57

-0.05
-0.52
-0.86
-1.10
-t.21
-t.20
-t.12

0.54
1.24
I .59
t.6t
r.60
1.72
r.l3
0.36

-o.2t
-0.63
-0.94
-1.14
-1.21
-1.18
-r.l I

0
0.40
r.53
3.08
4.69
6.28
7.98
9.27
9.75
9.63
9.06
8.17
7.05
5.85
4.66
3.54

0
2.4

17.9
62.8

124.5
182.6
230.4
259.O
269.5
266.8
254.3
234.'t
206.4
167.8
t23.5
80.0

I
flt2a'l i*r=i+At=19s1fi
H,, H2 = H,+AH = 0+0.40 = O.4 r{c

ornornod r o.r d x" = o.4 tlo

o2 = 2.4 nu.r4oziurfi
3-0

0+(05_0) o.4

n1:d1[2$ o(r) dnar eo, so ,................. 1 50 urfi usc,roulrorlld t o. stl
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1o.4 nrrradotai,l 00rirrit irnnlorir (qraunr Rouurtg)

n:ddrirviurod oun-r d'rumrlrir e ua: s o: iiorrr n-lvluf,uuu variabte o-.J

gild ro.z rdorern6vr-rnat0{ Bac*vvater erect rlrtriiinr:irnn:rinr:rodo$e'r1a.ld1rir$
: , , r irr-- A e l.

n'r{rr1uonn1ite1nar.:rnuuro.ttfii Levet Poot hjki iinr:irnr:nn,ltonoBn'lto{$1vl?ll
drtyrl.niliirfludf{nrYuloom-r1:J uacf,uddfirofiruniuaru6o e; Muskinskum i;I

Muskingkum uril:Jilro:orruurslrirludromr.rriroonrflu z rilr 6o Prism storago uB:

wedge storage e".rgrJd ro.r

luri':ldr[rvirurodoun-r r:ir(rirwr',lrirdf, orrrur (Advance Phase)

Itrltow > Otdlou ectfin Wc*o Stor4p
t ! e , ): , / - , !;-
lumrrnnr-utlu rirrfrrirvirlrohouniroonornrirrrl{f1frfre1ion (Recession Phase)

outtlou > tnttow ocrfin ra.tw W.4c

Prism Storage 5o - 3 )tl ) w - ) r )
,..ltlr1olto't'l lttri a{r11.:11't7t lJt'tllYl1{ u1n n o{n n fl 0 flr? { Yl

l|l1'r:Ot',r

nlrii Muskingkum s = KQ + Kx(I-o) o".rrunr# Io.n dlsrlr:nriuu
t$rl tci.!B

s K lxr + (1-x) ol (10.1 7)

x6o weishtins Factor iriT alirllt'ir.r o-0.s duoqin-udiruo't wsdge,u,ut
Storage

rir x = o u(q.f iilrii wedge storago ttio Backwater Etfea rriun:d

Level Pool 'ro.:drrrfiurir n:6 x . o

S KO

Model

iliirrn:oruruil:n-urfl urdun:lfiu fnnnr:lue oo ndlriun'ir Linear Rcervoir
t
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iourtrtl x rsicirrodurjr:!1ru 0.2

K 6o Proportionality costticient druuru6r:ru:nu'rdti.tirr,oduun-rrirurirs
: ;^

Yl1.tu1?lyt01:tx1

o,tn rn.li r o.z drrnr t

q r txt+ (t -x) Q ! (10.18)

d,.u. r*t

si., = K IxI;.,* (t -x) oi., ] (10.1e)

olnl# t o.9 nuc'ru t o.a c:li

si sl K I 4,,* (r -x) 9,, I -K tXrj + (1 -X) Ol] ( 1 o.20)

mnslnl# to.s rdof,orrrutir l(t) un: o(t) idrrilurf,un:.l1ud'r.: Ar riou 1

a +Q

sH sj 'j*, 
*'j

(-)
2

(10.21)
j+ t JAr-( l&

2

c1nflrn1: 10.20 un! 1 0.21

2

K I x\.r+ (r -x) 9., - q- (r -x) q I

,'Ft.*'j 16, -,Qi*t 
*Qi)A,

(1o.22)
2

Ar - zxx(--=----:- ) |
2K(l - x)+ At

Ar + 2l(X
+ (-)I'2K(l-x)+At'j+l J

oir,

*12K(l-x)- At,
2K(l-X)+At ( r 0,23)
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At-zrx
2K(l-D+At

At +2KX

2K(l-D+Ar
2K(l-x)-Ar
2K(1 -D+At
ctlirt *

=I

(10.24)

(1o.2s)c2

ca

9.'
Ct +C2+Ca

czrl * crQl

.( 1 o.26)

(1o.27)

n1ru1i1 X uali'l X

n"rmtrurioXa lnflow us= Ouillor Hydrograph !B.td2.!fl'r,til'l ofii1 2nrn1,!

rir xlimnnrnr# to.zz e-.rd

s.sAt t(Ij+1 +Ir)-(Qp1 +Qi)l
( r o.2E)K x(I", -Ir)+(t-x) (Qj+l -Qj)

=4
B

(ur,f,ri'r x udrdr*rnrrir A un! Blouti Ii uq: q d ; = t, 2,.............,1v rh

4 u0! Br tjndaor:}inlr{drfiinuor:rflu t-oop ,i'.r3rJd ro.to rir x dirarhlrt t-oop
) a ,) - llfin-nrnrsndrsrfoor.Lnnfino 6o rirfirunr:suniuyrlnfitirr K 6o Rrrrnror-uro.rrdu (nze)

A , t )! ) . il^ .
tlro{e'lno,l K Oat! u'l?oliiglto d 0ui2mr!?nm'lirlllYrl{31:tu1 linMin

rirnrd::lrruri'rorn:rurrr ord uooodutod ouir illuirwrr.rrlrdfi cr:rur

a)r ,t -n:fiffhjfriolo lnflow ]tn! Outflor Hydrografi i:mur:oilr:!1ruri1
i,

run: x litoui', Muskingkum-Cunge nrtuarr6uilu (cnow, v.T. and et al. 19EB)

K
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r= 0 x=0.1 x=o.2

K 4
B

+

+

o

o
X

+

X

(D

A = o.sAt (rj+l +rj)-(Qj+l +Qj)l

grJnj r o.r o tinrrnrir N un! x lor mu.ktngkum

o-rodrod ro.g nrrirnn;r{nr:rodouir:rouirrirlairunrlrir firuuo

lnflow Hydrograph bin"luse,!1unrflod t o.a e.ryl1 Ou ow Hydrograph rhuiLmr.rrir d.r f =

e.s f,rl!.r X = o.ls un; At = r dill.: dnrnr:lnnaonritGudu er = BS su.rrlnz

lU1Yl

26fl1 c1
r - 2(2.3X0.15) 0.31

0.063

c2

v3

nrlo au

C, +Cr+6.

Qr

Q2=

2(2.3XI-0.15)+I
I + 2(2.3X0.1s)

2(2.3X1 -0.15)+l
2(2,3X1 -0.r5)-l

4.91

t.69

4.91

2.91

0.3442

4.91 4.91 = 0.5927

= 0.0631 +0.34 42+0.5927 . 1

as nu.r!nziurfi

0.0631 12 + 0.3442I, + 0.5927 Ql

0.0631 ( 1 37) + 0.3442(e3) + 0.5927(8s)
g t nu.r,lnziurfi

nr:drurru g., firrnr i = z, g oliernnrl,:d t o.a rdorir tnttow

us: Outllow Hydrograph tJnflo nrfi uuriur:linrrr,,lrirrirud.rfld r O. r r

1l
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n1fl .ld 1 o.4 n'rrrilu? $n1:tndous'?no{rirrirldT urr.rfldufito"r o tir.r

d r o.e Inuii Muskingkum

Column: (1)
Routing
perlod j
(h)

(3)

C li+r
(Cr = 0.0631)

(4)

Czli
(Cz = 0.3M2)

(s)

. CtQi
(C t = 0.5921)

(6)

Outflon,
o
(cfs)

(2')

Inflow
I
(cfs)

I
2
3
4
5

6
7

8

9
t0
ll
t2
l3
l4
l5
l6
t'?
l8
l9
20

93
r37
20E

320
442
546
630
678
691

675
634
57t
477
390
329
247
184

134
108

90

8.6
13. r

20.2
27.9
34.5
39.8
42.8
43.6
42.6
40.0
36.0
30.1
24.6
20.8
15.6
r t.6
8.5
6.8
5.7

32.O
47.2
7r.6

ll0.t
152.1
r87.9
216.8
233.4
237.8
232.3
218.2
196.5
tu.2
t34.2
I13.2
8s.0
63.3
46.1
37.2

50.4
54.0
61 .7
94.s

137.8
192.3
248.9
301.4
342.8
369.4
380.4
376.1
357.3
321.6
283.7
244.5
202.2
r62.4
t27.6

85

9t
ll4
t59
233
324
420
509
578
623
e2
635

603
546
479
413
34t
274
215
170

E
,o
E

700

600

500

,l0O

300

zfi
100

0
6 E t0t2t4 16 lE 20

Time (h)

o Inflow . Outflow

d# r o. r 1 eanr:rirrrnrnlfl ndo$;2losririrnnrodrTeui6 rurrrtum

024
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t o.5 ronrr:g'ro6.r

(1) ?:r?! 16rfilri (2s3E). I:J:unu Ho-m rhnirnr:drurnrn'urodouiuor
f e lt{ryir lirurirltfi urir ln uii herative Trapezoilal lntegration.

nrnirriarnr:rla r:nru Rosifl?nrrrflinni lnrintniurnue:Rrno{
imurrrorhttfl.!uau.

(2) Carnanan,8., H.A. Luth€r. and J.O. Wlkes (1969), Applied Nemerical

Methods, Wiley, New York.

(3) Chour, V.T. O.R. Maidment and L.W. Mays ( 1988). Appliod Hydrology,

Mccraw - Hill Book Company, Singapore, 572 p.

(l) freaO, D.L. (1993), Flow Routing in Handbook ol Hydrology edited by

D.R. Makimer , McGraw - Hill, lnc., New York., p. 1 O.1 - 1 0.36.

1o.6 uuuflnrin

( t ) duuoollf,irr-uf,.tlu'iruI:ri'tn:n?1!1unsfnfl n1:lx00onxo,,rdi,,r

rfiuriruvi.rnddrdc-.rnml r.rrirrrrrun1 storage-ouilow il.:rfiil zsz& * o vs. o ti1

rirn$nhiAt = z irlu: niolrYr.nrn'ao storage-outttow r{l6riu

Storage (mcm) 75 81 E7.5 100 110.2

Outtow (ons) 57 227 519 1,330 2,270

( z ) clrirurornr:rnd ouo-rzo.rlalo:nmildfi ruuohirilrdr.: rfi urirlo uii
Level Pool tritf,ollf,lr{uf,::uirl Srorage-outtow 1u:ia (t ) lunr:riruror o{$1dfrrtn1:

lu aoonrrniirlrfi urlr glqc un: iirrrun-nrfi ur.wo rlru*olfiirirlurjr.rrioGrdu z s a'ru

au.ll,0:

rli,(!u) 0 2 4 6 I 10 12 14 16 1E

anr|mnttna

t. (cms)

60 100 232 300 520 1 ,310 1,930 1 ,400 930 650
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( 3) dr.:rfi urlruvi.rud,rinrrldfu n-ufisudr.r srorage-Stage-outflow d.r

oltlir cllhurornrrrndaucirloilalo:nnr,{ddruuoLirirudr.:rfiuriro-,rnrirr ou6rrrnr

6:00 u. dluuolfto-urirlueirlrdaiiln'urvirriu t s l. ua=1f, At = I 5 rrfi

Stage (m)

storage (m3)

Dlsc*rarge (m3zS)

3.t5

15

o

3.30

49

o.21

3.45

110

o.72

3.60

249

1.25

3.75

s69

1.89

3.90

1 180

2.61

4.05

2100

3.40

Stage

Storage

Discharge

4.08

2440

3.57

4.15

3140

3.91

4.20

4050

4.25

4.27

5380

4.62

4.35

861 0

5.21

4.50

18600

6.20

Time (h:min)

lnllor (m3zS)

O:00

0

0:1 5

0.o4

0:30

o.12

O:45

o.25

1:00

o.53

1 :15

1.10

1:30

3.O0

1:45

6.12

2:00

a.24

Time

lnllow

2i15

9.O6

2:30

9.20

2:45

E.75

3:00

E.O7

3:1 5

7.36

3:30

6.66

3:45

5.9E

4:00

5.32

4:15

4.67

Time

lnflou,

4:30

4.11

4i45

3.65

5:00

3.29

5:1 5

3.00

5:3O

2.73

5:45

2.49

6:00

2.27

(a) r.rrirurrunrrrndouir:ro.:rireiruo'ron-nrfiurirrianr:fl0.:n-urirvirr d

rhuleLiTnuii Third frer Runge-Kutra liAr = g urfi

::o-u (rln) 1000 1010 1020 1030 1040 1050

MSL

vtllTt ll't111

(rornoi)

1 10 15 20 25 30

. .e' - -:) le - ,)
ti'llrluc lra alnnn ltiu glrjm :ru1 utl1d[[uuYl oxu'l o 2 0 fi t.?l n r1{HJ10 g7l

r:6'u t,oo2 yln un:rr,r::urrrf',fruuru ogee u12 eo r{o durlruo{i::n'r.r t,ol I vlo
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fi errrurirmrr::uruirfruuuuyi o.r., rriauu submerged tntet control dr

o
cd

cd

o.7

vrr.r :: ur u rfr n'uuu u ogee i rir s-!il:: -maf,fi rr:!u1 uli1 c dl or:r.t

wD\EsH

Head H (ft)

Spillway Coetficient C

o.0-0.2

2.69

o.2-o.4

2.72

0.4-0.6

2.95

o.6-0.8

2.85

0.8- 1 .0

2.98

Head H

Spillway Coetlicient C

1.O-1.2

3.0E

1.2-1.4

3.20

I.4-1.6

3.24

1.6-1.8

3.31

>1.8

3.35

lntlow hydrograph

Time (min) 0

lnllow (cfs) 0

3

60

6

r33

I
222

12

321

15

427

18

537

21

650

24

772

Time

lnllow

27

902

30

1036

36

1312

42

1536

45

1 571

4A

1580

51

156E

33

117 4

39

1 451

Time

lnflow

54

1548

57

1526

60

r 509

63

1493

66

1479

69

1464

72

1443

75

1 417

78

13E4

Time

lnllow

E1

1345

E7

1244

93

1120

99

979

102

904

105

427

a4

1298

90

1 1E4

96

1051

Time

lnllow

10E

744

111

669

114

5EE

117

50E

120

427

123

373

126

332

129

so2

132

274

Time

lnllow

135

260

138

246

141

235

144

225

147

217

( s ) o'r ti uuIil:un:ufl olf, r rn oird odru'r rnnl:rod oun'rt olrir drudrr rfi u

frleuii Fourth-order Rung€-Kutta nlui;no.t Gitt (Carnahan et al., 1969) dl$$o

fl ! nliff !o n1 o.r ln arirlouil:!!rn n-{d
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AH (D-eGr)
& = A61) = f(t' H)

rirurrucir 4.6, #rrnr t * At tlngrn'1r
IAt

H,*A, = Ht +?tk1 +z(t- 
11)k2+2(t+ fi) k3 +k4l

ut0

k

k
3

Irro-uH,ll
L^t,Jl

At At
I (t+ 

2 )-Q(Ht + jk1)

A(H

I
r)l2

+)

At
t +lk,)

kz

,1,*A-qr,l)
Afi)- l'

I(t+40-Q(H ))
k

A(H)
uat

H + At
I

+(l-----)k
4z

k(-0.5 +H

+I+

2

k2
At
!2H2-Ht &)r:

rir a(x) nrldtaunr: Ir erpotate ornfi 21xf,trviuf,En'ir.r::a'uuw#udfi tir

1

I I

I t
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( o ) c{n1na1ili17i1crn {urir#truuelrt uncrit}n nrnr:tRd ouduo.:lalo
' ' 

I ' ' 'eelnrrr{oirnii'l?}i'lBii1.rtf,uli't rilflue nitxnxtrlrt!:u?1.: Storage - Out low llto{n1ri,

Storags 1 100

(rorno{-r!n)

Outllow

(4.)

nlfluollu llto{fr'r11{

rrar (tr.)
nlucmr (ir)

Unit Hydrognph d.ridrlrear j tl.

1200

2.O

4.5

rrnr (ltl.) 3.5

O (cfslin) 400

rrnr (lu.)

Q (c'fszin)

drur ruur iorr nr:gq riiurirluri rrirln u1 f @ - ind", rvir fiu o. a dr u lu.

oitR'ru? ruyr,lonrrnr: tunooncrnrir.:rfi urirr.:ca rir Baseflow rvirriua$ftr.u

9 re U ), :
uff 3fl nm1 u t$$11{u?r n!u1tr

(z) rir x = ea d'rlll ua: X = 0.2 e.r+irurunr:radoun'rrorrirvhlelrf,
,l a, ) , - .:rfu o firirfirilrn-u 1,ooo uriru iru:rrnr za f,rlul loui'r lrlusrcngtum t.lfiilon lnflow

u0: Outflow Hydrograph

600 7000 200 300 400 s00

0 2 200 300 350 45020

o 1.5o.5 1.0

0 1.0 3.0 4.O

0 0.s 3.01.O 1.5 2.O 2.5

o 200 500 800 700 600 500

4.0 4.5 5.0 5.5 0.0

300 200 100 50 o
II
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(e) r.rur K uss x i1n tnf,w uo! outttow Hydrogarph drhn*cbi

Tlme (min)

Channel inflw (cfs)

Channel outllor (cls)

0

0

0

3

60

o

6

120

13

I
1E0

42

12

240

81

15

300

127

1E

364

178

21

446

231

llme

Channel inllow

Channel outllow

24

530

293

27

613

363

30

696

437

33

776

514

36

E55

593

39

932

672

42

94E

757

45

932

822

Time

Channel inflow

Channal Outflow

4E

914

E61

51

911

879

54

921

888

57

941

897

60

958

910

63

975

924

66

982

940

69

9E0

954

Time

Channel inflow

Channol Oumow

72

969

964

75

951

968

7A

925

965

81

890

956

E4

as2

938

87

810

919

90

767

a84

93

717

851

Time

Channel irdlow

Channel Outfiow

96

668

412

99

618

769

102

566

725

105

514

677

10E

462

629

111

410

579

114

359

528

117

309

474

Time

Channel inlron,

Channel Outllow

120

261

427

123

248

373

126

23A

332

129

229

302

132

222

278

135

216

260

138

210

246

141

205

235

Time

Channel inflow

Channel Orttlow

144

199

225

147

194

217

(9) eldrurnrnr:todouo-rao.lirrirr?hilmnilu11 44oo rln Iouii
Muskingkum rhruelri K = o.24 *r1lr un; X = o.25 cur61fi outlow nou(irdutvirn-u

739 nu.ili/ill1fi
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Time (h)

lntlow (cts)

0

819

o.5

1012

1.O

1244

1.5

1537

2.O

1948

2.5

2600

3.0

5769

Time

lnflow

3.5

12866

4.0

17929

4.5

20841

5.0

21 035

5.5

20557

6.O

19485

6.5

14577

Tlme

lntlow

7.O

9810

7.5

6444

8.0

4558

(to) sirrlruvi.rndruri.roonrflu e dlrlrtiou A un3 B rirvircrnrllrirriou n

rodouirrrirrirnruir#oo t un: lnnlrJri.rrn z d.r#codrirrhrrnrilrirdarrd z lunrdrlrsl
v,u udr:.Brirurir#orr".rlro,rhOr.rrfiurir .odlu.L', outttow Hydrogr+n rrndrlrfiur[r
f -. , u i I -

rr,, 0 nrJ!r2't0'1i']ll,l{lll0rrro$

I ), !
t.!1,t1fl$Yl8l|llt A Un: B

, .!
01ntnu$1U Storage - Out{o o.!o1:'1,,t

Slorage (ac. -ff) 1,000

Outllow (c'ls) 1,200

mrlir::n'jr,rea 1 ua! 2 icir Muskingkum x = o.s :hll.r uns x = o.25

rlnrirriou a rhLinisuricit A-index = o.a drzlr. ,*d4rti.,iou e rfluiio{orfiuich

A-inde, = o.z dtnu.

Il1lJtlullo.]o.tolrT .r

rrnr (lu.) 2.O

0 220 300 400 500 600 700

o 2 20 200 300 350 450

o 1.50.5 1.O

4.0o 1.0 3.0Cururl ( r) 4.5
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Unit Hydrograph dlfirir.rrror 122 *rlll to.:dlrirdou A unr B iidld{o1?1.!

Unit Hydrograph (cls/in)
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fl ffi a {n1 fl rtr cnmn onr ui lrusa.rrir r r inrfr

( Effect of Sedimentation cn Re.servoir t\rtction)

nr r rn s nau'ludr.r r inrfrrio'Ul r fi m n r f, u#rfi q z otjr.n'a

(1) nr:SqrtulllT :fr 21ul (r.oss of storage )

dr.r rirufr gnetr.rlrr',,fi tffilirn a mq riulnmtln mrauovfa

arTr{o.rnrrlidr.rtCobqrl:r<c#1.r I nlrmcnar'lurirdorirmrlllh'lrllmrdr.r

nnnrnlr:usEr?nrnr:'lUmmla'rr unsrimnrf,ionr:n'r.:'ruso{dr.,r srflrodrr dr.t

rirut'r r#nr:qtlrn -uilrn spinq rare lulol3iniuau( C.rarqnr:ltrru (userur

Lire) nnmtf,mdrllrr,duoo.nrlrrunau sprins,.r",irlrirufinlh'tra] n.rr.

rgaz 'lrall n.r[. 1947 drrrirufrrdmmrqtJ rrz uJofrori lduoo.nn.rrrn*

rJ:snsrrfu'ludr{il rgtl 6.: rgtz nrrrfalnr:frorndr.rrilern 31B,ooo riu lso,ooo

unnmrnaiu i.rn'rllf rinlqnrnrrcrnnnutrruH.rrrn#1U.:rurirunriu.r zz ilnirfiu

runv'ludq r#at gnmndr r r # rd'n1qur

r fi ,,ftlqlrnr : gp r f, tn zrq cwr'rlltarqnr :1i.:ruao{dr { enN r"r rfl rdo.r

rnJalilmzrirrlTdar#.rfrutunrarninau nisnriinnliuronsnaildlunn.rdr.r rio

uri6tar rrr rnouaonqrndr{ d.!:ruoc r6umcnrh16.r'lufi rUad r r . g

(2) olr r rn*dJrs[.rnitoan (Deposition at Ortfet C,ates )

nr : ruln: sq rura.n vnal riud.rfrCtqr* #a.rinr:nn'f unr rn'rum'ruah

ilzq:wruuioar",rr',.,uun,C*finrdu.rnr:*'n{urq:uLrulufiddinr:nrnsnauoir.r

:rnrh nu:rs.rrrlJ:cadgo.rnrrinJzvxruJaltnitn (zuerto Rice) lufud rg

r{quRlRU rgrro frr,irNlffinrorvnmrrUurludr.rrfiufrrCmnl?isJ?ux'}u cauyabal

uocl h ffi oxem r rd.rur',.. oranq r#u'l Uuuhil fi riu r rnruru ediarn'rnr : gnmndr.:

uwre?fiurdauiarSn rs rp
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1 1 . 2 . e n'l ff rn ynaufu nll'lu trrf'nr i r rru rniadr.r

( eggrdation above Reservoirs )

rwdfrlu n r hf,rir.r r fiufri'.rii:frnh.rhd n ?1r I i 2a v nnn{ rlns ec r fr n

nlflrnvnorJrrirrnd*rfrmrfuririr nvnauuuln'lilqfianhrndluurfiariu?umuarludur

(Derta) i'.rlvd.rfumr'rllhrtri'rradfrlu*frdruiailutrlnan{unutfitn1flrnvnouhr

nllutrrfr run'r1llfla.rf'#urtu (nqsrdation) husn.r'lugrJd l.r

IltA!n!00ll
tu!nEur1 ,t7u 1ltnn{81.t

il.rrr0u

llantmlIJ z, -/rua1.l

nt S tul'lllrlnJrll.Ix
ncnsud.r

lEnaun8S0un

ald r', ., kruucnrm rn vnoudr .r lrtluiir{unc triiafrso.tdr.t

n1fl rn cnoucuui'lfffioqfmru r iuls riuH n'Ifi n'1frd:.:fiutrrr:n: ar rstr'r'l H

fiau uncrialfirfirahilrrajaui'u nr:arn snauhJoulciuri r rotl'lufrfrlnnlrnfiaurn'hu

ilua{llrnrrur-rnrvrua.rfiali'r ,irrnr, (sediment textures} unvnrrtUdtruuJn.:

sar:vfufr'ludr.r firfm.rfrin t lrnlnrmrlnlrnwr vnauftntrmrlrfiuf'rdru'ludriur vnau

rianvtdua nltnmsn0ttyu0r'lun'rfi'rovfiauun rnfirtrrt'rinrrunroruliauunnrnvnau

dru'luojrf,ra rnau riar.rurulcrl'lflr fimr:n nn snauhlnlriurcgvlar{1nnunrsfil nr u :orn

iir-: nr:trjdunJn.:rcfutf1'ludr.r'lud?{$?n 1lcriatfirfinnrilrncnauhrnrlu#lfrlnc

nr :lln t rlr vlla.r n'rfr ( AeErdation and Desradation ) r{h.r fiulrJiua firU iurn frfi r.r n

rhrtt
C

)
x'1'!t
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r firdr.runs:chr['1'lua'ro ,nhHrlrnda cnou' n rd uirluHrnr: rildauru.tn.rrcfuflqcris'tfi

rfr mrmrnsnoufrrnu lvlrnn'irnr:fint{ry

1 fiiinrr:rt {ruir r dsud'd r iun'turuifrln 1 n:rl a i.ratr.r'lra] r gra r fi n

nramvnauhtnrflufrfrtJu, .rlhurniat'rfi .r es filnt rn z fioqfrd pi"."t o l5rn ir{

rtofriuruilor#uro,l.rui.rirnrnmcnouhrnrilulr6\r 3.o rln, :cu'ir{il 1936 uRc

1948 drfrilounrud san llarcial irrrfrnilnruiior#u rreptant artte rfimmn

n cnoufiuorfi,r i. o l rn r n'rlfflYa.:*tr.rd.rfiuffr rCofloofiulil'tfiffrrirl r iro.r

San Marcial.

rr .e. 3 nr:fi nr grvfioffrunnfi.rfirua'r.t

(oegradation below Reservoirs )

J.. .l -, , dD J
$uslitrl rfl riflJi 2 iruiir.: r rufi n vnouriut ar muurfiuf'nr r.rd arl !n namd

'lurirl unriafiauirua{lluil:cir;nrrlunr:}rrrvnauso.rrir.ri'{cvndr16.r'luf,:fi0 rr.r
I

frfilnsnancrndrllcilJimnntnouruioa{fiauurn 6.u"r'lfiiu:l0o (Eactive rorce)

ncnaucrnfio.ffluniil d.rrfluarm,ri'lfirfinn1rfinrt1!fis.lfrnatnd'rfirudr.! (Desrada-

tion) tflu:suvur.runru 1n'Inrrn: nrrfiarircccrinlun:rdo,fimrtrdlnnti:vuir.r
J

frr :rnr:lrtauruiliurnn vnoufi rn,?u mu'lufr

U.
ulin :itnlr rnml?Hnr trsfio.,frfirudr.:fir.r r6nfiourf,udldiun#o.rnr:
tt

rfl rluqsd?ur f,x0u1rM1.tf1tlnc af,rn rudrur:nlunrr:!t itff']r,a
I

11 .3 iliulmcnaufi'lunnrdr.r

r J. ..i ,-..,
{}urna{flittuJul t n

( Sediment fnflow )

t^riiudr rfl rfi rnr: fnYorr*a'lll r fi rnrrfi nr irvunvfi mr vnauernui I ?onidfl

\hrncnau'ldr.rrfrufr t*,iro',n*r*,nn{rlrlcria'llfufinrr:fintirviriu ii.,r..,i,
nt:fint irYuruuduur.l (street Erosion ) rionrrHnr irururujo.rdn (orffy Erosion)

niafi..rda.rruuiluag?fu:vuvrrarlunl:llnr{1uun#rrnJ:alu.r ttHlrrnfinrirciriuaonrr

ffrcvriffrnr:uinTrcnoun,{duitrrninr: uncdr.irfiuff.rra1il otir.rlrtuhrdgnfinrlrr

filulR 1cros" frosion ) lfl fignfrf, nxrhJdrir.r r frufi'r urldzuu rnvnour rdi.riln
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r21.m'1.r r 'ha.rinoqiulfr ur{drur:mmsnau'lufrffr.uizuirr#rTuna.rli.rruiffr drud
tt

rnfiaufi1r.tfiufiirufi.rdr.rrfiufrriun'irnnn&rngnau (sediment yieLt) rJilm: nia
t'. u ' i , { J, < < r u
l1illnEa.t,{nflmn cnaulaxuirxli?ulurrflJ I iuni'l il:1r{SHmncnau (sediment Yield

Rate uia Sediment Production Rate)

11.3.1 O.:ftij :Snauvl
J<.l.
IaIDrMam l1[ sHMn snau

( Sediment Yie.ld Rate Factors )

ov,'rl : cnaud.r rfl uirn'ruu16r rrHnr*rn vnauool ffi c{rur:nnfl 1 fifun otJi

(1) rlu .... liu?uunnrrrrUl

(z) Jiniruunvnr:r,la{rfirvrr.:r:fiivrsr .

(i) [nuruv4fiJ:vrrrt

(4) E:lrdfsa.r:uru:vurufrralduffr n11uuu1$iu fl21rmnur

ir.r su'rfl unvuurnifr

(5) fililmqriru

(G) n1:lUdiu

, s.- .r i
anmircnaunil r tro ru tnnnuitj't f,lun r:niurnot rdn r rn r:dtu tdsfruc rn

cilfr'l uoln r :

aJ

A RKLSCP (11 .i )

tJo A = f,nr1n'l:Xqrdrn'ra.t:vrtfl, fiuiatarnaf

n = a.rrij rcnaula.rCu

r = a.rrij rvnauar rusrnirs'[unrrflfl ] ilceu

Ls = arr$J:cnaunr rtarnitt mtRl1rJil'l'l!a{rn rmrniu

c = alfiJ :vnaularn r aJqniliuncnll{nn 1t

p = uururln rrarlinJfiu

t'tgngta 'r - :rlnr ilu6uura'rulfiq rn soit artufl t nu2nunl tR'lu2ol,l1anr1n1' . _

water Conservation Ergineering !a{ Schwab et. af, 1966.
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J - - .E
dlnr:ii l.1 evd'un:o'l f, nrri'njilrnrn r:rYn r {r tdufilrun (Gross Erosion)

lf, n io.rCri.ru''oilrdr t iu.rur.rCrlm.rn'udgnfin r n', vfi.,urn r ri',fiudgnf,atrtJ{ruifr unv

iir.rtfiufr f,lil'lunr:nrdrenrAnnsnau i{cirf,uf,a.tlrirdn:rnr:tiluosnau (sediment-

Delivery Ratio) d.: r r,irfiu

. .lulJ lltuflsflonnlnau r unu
100 x

..-li,
1l trl1fln1tnfl I !?cnurnxtlfl triuru

r rnnr r dr:ruujrf,n trn r r rilunvnaualairilfiau r ig.r I I uioarurn6'r
. { tu .. r , e. r { J - r.

100 F tuagnuail nu I cnaun 1it 1!a{8nltl tlu !u1a}fl.I}l nnHxv,llJlJ rg t }lfl tt8! ta{u't

fn'l!o1frllr nrnlnnql6u Hnnruvcuuncfrrir riuHu

- r J,
11 .3.2 m 1rlflrfud: vu11{antl Ba (anncnaunulunorfr

(Sediment Yield Rate Versus liatershed Area)

' fir{on'r rf1:?an l rnnnsnau'lud'r { t fiufiiluui rrtudfia {n 1:a v.th {d 1{ nia
.i<

u: r ? otlDJfruflrunrl{aln't }lu1 rnd t dt {fiu e s riluttu1x1,rlunr nJ: c r iurriln:1{fl flan

, ,,. 1. i , .,t.
wnauua.:a1.1 I nufi1]1Ia 17011 n111,:x 11.1 ttllfln R'l flaflanflgnauia{a1{ I nuliiul.r rtr.r-lu

ouiSorlinr lrrnnr:dr:roiir,rrfirifii 1,100 uri.!) un;'luJ:vrufihs d.!*rrj.*eofin
<r < s

nvnauarqlfir t iu'r 3o fiucta nr: r.rl uo'riail rdufi Hiqn vatrey Ranch, yakima,

{ dr
washirgton uiaarririro'.r 5,311 fiuianl,rrlldriail rdufi aennington, Raqo,

Kansas uilnuroducviriradrcudr.t aoo 0<{ t,ooo fi'ucianr:r.rludeiai]

uriuti', ol riin'lrtun r nJ:s r irririn: r rnfl6nncnaura 'rqo#q r:*re:fiad'z-a rr a n

aHln'rtl"rrsll,r).!&Sf,.EmrnrdifuU fir rnJ :drfiru{.:iirBraiaan:rrnr8nnynaufla nu.rnna.:

f .i, -. tu f 1 r d y.lfllxlril1 a1nfl'll1 t R:1cuon r'r flnflonnsnflulla]lulniurta {a'l { t nufl'l 1,100 uxn tu

anf5aruinr xudrdsr:rrnnfin*rnurorunuo,drfrd4rfl,iri, fi.:rdn.rlunr:r.rd tr.e
, -.le {Ja - i
{lfrfriiurnfrufrrinnr'r ro nrmllua' cv'llfrirdntttnflinnsnaulnsrsduurnnir z rdr

aa.rdn m na nionvnaura.rqlffrfihrurnlnni'l r, ooo nr:r.r1 ud

I

ilfi r r . a unn.n rrduf,ud:vu'irr&r :rn nn&rn cnouhJf,ufi Sffrra{dr,r
dae.t

rnuiil I lM.!'[unrtn ciu n r 6u.rMra.rdnl5or linr
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frlt 1.tll 11 .1 1do )

u*rti.rfiaun : n r:rd.r r ru u.i{irfi uncn:rifirl:wru

rir r adsla{ dn r r nn rinn ;naufrr fuq'uffraurni r.r r luar fga r l?n rff'lr1{rl 1 1 .2
(ctloir, 1964 )

dnriunsuifr {rrlrr Jrrr rar
mlhln

irllh,tr,
(nr.nx. )

Uirtarnou ,

unlumutlt ronu

1tu*oil
b I de .I a t
u1 t !n mj'ru r nn trtu

e{lv.
ltfl1UaH run.:U1fi',r

rJrdn firui.rflnr

t,IlrUr rnluils

frria.r ifirralrnfirg

frrou ili.rr{cr.r

frrnu fifirurosil'ld

frqI*
ir*glon

rntrx:oi
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.id) qiunrf,rodr'r nrrltoifirnsnouJt;otr rod!
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(1)

I J, -a = frufr{ufr n:.lu{
..i u u . . . t

fllu r1 .2 R? 1lldllllllE: lrll1.rant',l flnrlannvnaunuru

(usBR, 1977)

1,1.3.) nl rxTJ iulflnlnauluniir (oetermining Strearnflow Srediment )

nr : r fi ufi: air.r ninau rf, ui;d;d{n'lun r :rd irrniinauililarlriuf.n rolod

in rrliriuiidfia.r r dE t 1f, i un sril'lid 1u6l.r 'lun r: t fiuf,rarir{ivnauli tihf,a I 16lria unv

- i.l ,
dnEoYn1tIflaau ra{ nvnau uflnc iuflR?u

iiala.rnsnauiluolrrlufr .

ncnauilxauiYufru.i.raanlfi riu 2 rlttlnx ttnm En1flUJ.r 3 t[ru RA

Itullt0

lttu,u 1 ncnaufi o.tfii lfu wnau uuruaag

n:nauicqin rfr fiunlnauldqav r a'ua

"cnauddrur:olnlfi 
fiunvnaudlfu rurroInlfi

J
tuJulr 2

-0.22
a = 2.4 A

t u*d, *.a3
t. 

-tub,lrtd,xlbna, r-frE --lri-f-l' 
--.lranbrrqrr, t -tFbr,4 Ait -( aa.>--. Etr

, rE.E-r.,dtr

I I trt I I tlI I tt

.l
ru,lrx 3



(n) n;naufia{f1 (Bed Load) xrtun'{ nvnaururntrffi,ndaudHrsnr:n:r1nn

n6'r riardaulontjnrlfia.rfr'lufuncnaufia{fr (Bed L,aycr) drrnjirronrr:luaria

liurunvnaufiarfi'rdr noJauddrugrlfinla.rnifrdic r:ruriaud.rrriru r ror r iflnir iliilro

ncnaufia.!fii (aed tod discharge )

(!) ngnauu!?unaH (susperded toait) rruo'.t flvnaulr.o,6nd,ouJurdlu

f,nuruvurrunaslil riufii rura.rr rnn: c udfii'luianrrlnniud. fio t uluoorn n', irrrrru,,n rg nr
JJ.lii ngnauullunaEavrndauituflnrruculrunaulilfiufrriurwsrrnrurura6lun2r iliu1rr

nr:lun viaciulursnau Blruaasd r nalauf,r rirurrif,nm.rnifiidicr rordard{uir s r ra r

riunl'r ilittronsnauu!2uoau

'luui rrru'lnd r f,a.rfrnr: ui.rnvnauaan riunvnaufia.rf,iunvnvnautt!2uaaun1r

is.rdlillr'.l Huir rn .duo o.nr',.,oY.,rsnarf,a.rfiia'rr r ndurdluf,n*, ur?unasiii!0r!

uf,rnnn.r{iluf,alilr n:clan n#o uiardaulnnluf,nnu;ta'tncnaufiarrfr' 6.rgrld rr.r
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u trTns nou[t?uf,D u

.-a-/-
nrgoufu.rfi

1rii.r, ntvlnaunu iioulnn 1

rrln rtt:trnagtrnrrr

dfi rr.: JJ
n'ttt RaaulDa{ncnau

(n) nvnauia?lra,rfii (H lttsjar I.or) llx'lu6.r nrnuudo,i, nrnaudrulu{rflu

Taquurudru1ufia.rfii rJiurrunr:luouiaciurunvnauTaqh'rffriltndaufirdrugrJf,ala.rnifr
l.{.
iiiq r:oriailt: s ma r r iunir d ilrrunlnauidqh.rfr

(.r)
I

ognaulElnac I agfl ( wash 1od) nmso'{ ncnaut
I

{ tuan!nau druluqiriulaq

turnrfinriancra'lnndrnvnaulaqfiarfii d.rarcna'rr1fiir dluluoirfluiaqdlirlrrn41u

fia.lii drulnrjnvrrlrnr'rd{rtrlnurri,ramnl.r rlilro,nr:hranialiurun:nauldqovtdun
J .,i -. l. , .l r { I
rarRaaui2r.r'ruflliR'l'rtiirfirltrulflaruilr,tu?gr?a1l:un21 tul(uBcnauaalqav r aun
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('l ) rJ iurnrnvnaudlritur tolnlfi ( urmeasured sediment loa) ulruo'l tJitrru

nvnaudadlndrTufiaifr il rcrro 3-r. ir rrniluh.rfr drliaur:nlnlf, lnr r ndarialn

ninau UrU lt!?IAaB ( Slsperded-load sampler )

(0) rJiuronvnaufilurR (Totar sediment load) fluruo'r ilirrmrnrrfiorrod

lualrrTufiicrniurrulfi r ruru fl.riatli.-
a

rJiuoncnaufi{flm = iliuroncnauu!2uoau + ililrsnsnauf,a.:fi

tia = ililron;naullqnvra'un +iliuronvnauidqin+fr

lr:a = iliurownauilarlrrn{nlfl *rjiilrqncnauf,lirtrlr:n
inlfi

nr lrf,lfiudtvnirlrJiuroncnauuiociinfiuJiuonrnrrfiorroru.,uiii dur:o

aBurslHair{fn r trlhapd r r . r,

ncoou i(nlo rfr ncnoufo.ffr

Y .!.
nln rult.t]tlirI ntl ,. u

rlirauflcnflrxddn

}lt mlrur ]umru1

ngnouiqf,c t o'sn ftnou[r7uflog

nJfi rr .r,. nr:ni.rnsnauluniffr

(z) nrtrfiuf,rarir.rncnauu!?uaas ( Sediment sanplirq )

nrr r fiufiradr.rncnauutluaaulunifiilsili1fiInslilt nda.ria r fiufi:adr.l

J. , i . -)llrunl1 t flta { r nufl2 aUlnognaunnanfl2 't!6n ( oeptl irtegrating sarnpler)

i a-
t nia{ t fluf,1ag'l.rnvnau I o 1c1n (Point integrating sarnpler )

}lta
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t nia.r r fi uflr adrr ncnaunaaRor rla'niif;nuorcfi r udn.:1upd n. 5 doo r, f ,
f,radr{Ingnr:udaurn{a.riaa.rlilcufi{fiun{fr udrdag I t.riu f,radr{fruncn;naud

rfrul fir s riufir urrunoannr ruo'n udif,a r dsfiac rn rrJ ir.ua.r r niariauilflldarlr: oriau

firrfiuf,ratirr (nozzre) a.rtJrfiuf,radr.rncnau'ludrr r-t ilruiafuf,arfrlll rn:Jalia

tinf,gnaan ruruurl hiuoifrrurn t fin dlu r nda.r r fiuf,: adr{ncnau r qrr:1mJnfic vl flfu lu

oifrdfin rmclrla t Cur Inunr:ruiaua.rlrj rfiufir adrr wnaudondf,a,rn',rlng r o"r,
str.aod
'odllt{ 

rld
Orrrail

Intsrchoa$oua hbl rurla

60rrto
cbllrp

Erlcrl vlnl
Hlr!!

Plon

El.{ollon

rod

hhrcho.{.obL
noztl!

Lld

Plfit nlll bllh

ud rr .s rnia.rrf,uf,rarir.rnsnaunoanorrudn

( Depth integrating sampler )

J d ". J
nzau1{ ncnau un'r unagr l nu t ne J onu l t aM!i 41u'l unululnwnau nta{uun

fllnauaane 1nff1 ui r a r!au'lfi ufi.r t.urfrutn n;naunfil uf,rl'r niu?0MTJ i,I1onc nau

utrufi I fi ulfi'lundr gta{ nr ril t tr{unfi l'lufi rudru ( parts per mirrion, ppn)

frufinnsnauufi.rffiPpm t06

nvnar uaruaa u nils in r : ruin :so ruatir.:arii r duanoanpJdnnr.rfr n r : r fi u

fi r aui.rnvnaui.r nl : r ii.! r iu.r j11rir 
fi u'lnf,nfi .r r n'utj nia rf uc rnui t rrufiidl t 

pera

! i< - . '
cornors ) uac r f,a'lf,lHnunaux tuun? umltatalu't n1 t t nuf,l adl rrl rnaifiiui t rrufincnau

n:slrs'luf16 (Mixirxl) rdu firufiira.rcrurulnrin ,iauirr#frlrnfirudn:rt r'.:
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()) TfiuJimrunr:lna!airnvnau ( Sedjrent Rating curves )

irrornvnau ua:uaas'lunifrine rtlflrf,lrilrilrnfi fiasrirJu imon r:lunralfr'lu

nit'r rdaui r arridiulonJnauu!2unaruaai iuonr:lnam.rfrdInlfiurrdann.r'lu

n: cn rrn: rdfian-{an lng'lidTJ iurofii riuunuHlunnJ irrunvnau riuunuuau q v1fi
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fir q, iniruriuf,lriah unu 9 inniruriu cu.rfn iaiurf, rir n rlnhvi
ra

R1AH'Y 21.' 2.0 ott 3.0

lillrj?lronrrhn!0.:nvnauu!?unasirl :sIgfiflun rrJrc r iuunJirl1rur inotr

ur:unaserniarmjirrnrnrrlrtalaofrdlf,inrrnneinll air.rl:iarmrufluf,udrvuir.r

rJ ilronsnauuaaj irrorfrhi'tiirc, u,iraur.udd.ulh rnlfi.r r rluatj a rl riutjlf,ir r io

il ilrorn r :lyora.rfr lrn iu il iuronvnauutr unasndunan.t fi .rul r n r r aJ ir rorncfl ouul r firl

nrm.r6Jrcnauril{ .Mnrlu nr#rnritlflufia 1r.3.1 snfirair.:rdu firluu'nor.r

aaqrracunnnlumi,loilu#i',tnianr:fiar irc dalrinlf,rn'nnvnauurnnr'rcldipu'nnr.r

nrauaqlf,uiiiiiialn4lirn'ui usvi'urinlrdirnrcf,uri riruidrn:duf;rcsirlinocui.r
(br

nn 18 tuuulxllnnnl't

6r utri r1fi.rrl iuronr :bnrauvnaul cifl r rrliuiluaua ifl r r urifi f, .rihi : vI sfif

'lun1il rsrromdilrtmlnauuaruaagdlunrrlfutrluialilronvnauumunasdlun r Urir.:

n:diililfiin',rrnnclanilaurituJ:;ci rdanrrurjimsacnauu!2unomv aJirrorncnou

f, orunlHlasnrrurnddimrmvnaufn.rt'r I trtj il :vuro r o 6l eo mdirtrnmcnauullu

oasfifnlf, 1 :ronv r a'ranir: o'.rluflrfia iat] )

f,radrl tt.r nrrl#rrhgfldnurisrJ:vrnahglllnlnrrriufa$nJitrroncnauua?uflauuas

rJ iurrffrrarruifr urif l1nfii'u1nC r cua riuCf; .raar r Cauu:il.r 'lulnxnr:uriil.rnaudr.r'lu

:vn'ir.rrilaui.rnlnr 1983 - rqrtinrsu rget d.rrrsor,a'sanurfapurnroglumr',.rd

rr .: riauiranlilronrrbom.rfr 191 d.riruriru,iuqnurarirm:rioiurfi unvrJ?rrru

.l ,r,
nvnauurlusofl (es) ilinnirsrf,uf,uiafu tJndann.r'lun:vnrun:rr{6an-{an qclfiIfi.i

ri ilrnnr :lnnra{n!nauu!2unas;o n6no11n1i r r. z

(4) nrrudilrmvnauf,a,rf'r ( Estifiating Bed tod Discharge )

ncnaurn.lfrcs r #aud1ufurmnrvtaa na{r nialoo agluf;uur.r r rriiaf,ar

fr i.rinrtnrurlrirn'u 5 rilar'riuilalnru6nmrfi ni1f,mralrfilirryunsrfiufirarir.r

ncnauhlfrlf,f,rsrnrra{riuf,radr.rnvnauulrunas uanqrnasinrrinHldrnj:rr,rriL"'ttr
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to'(69
a9'zzz
L5'9IZ
60'()6t
3r'9a9
93'tIS
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196'508
t(6'zt
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s9's9r
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Irezrrzsr
feelttfe
I tetrrtr
Itarorrrz aelotlz?
ltetovtr
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I tatorts
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l.el6/sr
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nsulr/ru-lrlrl
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BUO t
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ianui
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us!- cri
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xru
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z ) fl ?lunliiusa{fi0.rli1 rim rt ri r I odum{n:c tu(fr

il f,nururua{n'1fr rdu nrrlfin uurn grJir..r ttnnt1u!i!?v

.l 1-il r Is*or:onad'lin?l .r fiu uHr I nuun$rafumr6l In'ruunnkr r nn#tunrdffi

sfruludrulunrrJ:v r illu'nJitrrru unouhvfrhi. -
r ) rJ iunn vnmrh.rt'r rilu u]a f r iln'lo.ruilrsn c n*fi *u^rgoilrfi , r.,

r tuUura vr c nauus,tu mtfiaum

e ) rJ irnon c nouh.rtrr riu uJaf r iln'rauJirrnn snaufi .rrr^r6ot fi rrnt', n

oqnrrn ;nauh.rfruN Unoru!?umur'rdhrfiaunl

i Lr :r r{arr vilir qJ ilrnn s naufio#n'alirnrur cnsuurarmu r do: r h:fro$
E {. r r J --

n 11't?AJ,IUn81{U1altrtnn21I rAt C fi1oaf,n

n'rfrCrnlrlum#ralrn'cvilh:rdilsa.nvnauh.rfr6rnr'rn'rfrdmuuncin

*rtrrfi unuuilraj aunnnr'ro;frJ irrnn vnaufio.:frfiounir

r nuusnruaiurudlf,tpfia r nmuuvlunraJ:c rirfl niitlrnn cnauh.rtrladrr rn ir.r

"t I n r : r.rd 1 1. 4 n 1ldn1r?ra.rfio.rtir uon vnauu!?u mB

n cnouh.rfr riurifl#l la* cnouf r{n.rfi doniqci riuriu ilfi a uurn unv

lr1 unlffi znr : ddgm.lnrm rn vnal'lua'r.r r f, s.r m ifl m 0n rrr r rlul ur vmrfio.rfr r ilrfiu

1 fr fifu r g r'lunr miu ronral iuron cnaufia{f'r riuoiuaurn ilfi .tp rio",r -
riirrronvnoufioffrl,urrarsa.uJilronr:lun rdu Srrrm.r schokritch (r934) flrii
niurrujilron vnaufiagfr'lu r ilaNloit shear stress tdu $:trol Meyer-Peter anl

Muuer ( 1 9tE ) uruS #ortuukrnlrdfi ulxilflo{n nrlrfi fta.:sa{1u#..: rdurfiunr:lun

f,'rJr, ( 

^.*rent 
Frow ) unn r rrfiuuJ :ul.!dfu'!a.t [? .tra.rra.r,n uri, r rrf, uoqo,

nvnou tdu $ r!D..! Einstein (1950) drurl u.". c,eologicat sr:rvey thtlmf,a

uJnr riu t{odified Einstein procedure 'lunral:v tiruudiur,n cnoufi.!ilr,n flaulo

lffijrulhrn Kinori (198t)

r)

5)
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rJiurrur snofia.rfl1u*tfr (xinori and Mevorach , 1984 )

o'ltrrhrUum.,r

n cnauu?l?umu

I
ginsa.rlnairlr
u e < .b
n ?fnr tuumlJ1

Itu snauu!?umu tuiafrfia'so.r

Uilrrrn rnaufia.:lfr

nmcnauu!?umu

fiaun'ir rooo il? 1u ruior'lrqfro..rfr ?5 - 150

fiagn'ir rooo ni2i llu ta
q{t
m,l l vtuu2o tn 2 m.ru

( consolidated

clay)

imruo'ruarfiau 5 12

1000 - 7500 ?lt1u ruirautn6nffr 10 J5

1000 - 7500 n:?R tnr ?l?0

iu rnilsrE#l'rr$iu

vt71u 25 %

rtimoun2l

5-12

!1fln?1 7500 ?r':r 1u rufizulnqfio.rfr 5 -'t5

nr?n u fl14

aa!ul
mJrruumm ? uuu

r1nfl?1 7500 yt71t 25 *
uiafiaundr

? 6

l
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(5) i6nrfl d iurnn snmr'lu]csfiu

luJo$ul6nr:firurllr nnlunraJ rv rinrnJiurulnfl iln vnaucrnnr:fi nr{rv

rdu witti* (rgzs) lfirs{uarurcll{'ltrxfl Runofr Brerqy u]il Er3o 1u usm

( universar soi r toss Equation ) r#1fi tmr :;.rn dr a'rurorurn nr&rn vnaul mn :.,t

:runc t a'etmr0'rul fitrn aarrieLl et.al. (1983)

11 .4 ff{uh'm.r cnau ( sediment Characteristics )

) - ....'lunrniurrurfrurfiunr:n rn sna!'lurir.r rirufrqi riluiro#o.rfiorrnh'uruJ:vnr:

u0invnfiJ n"a (t) linunsnl? irQn rra { ?n{o Hrr r flnsnau (Grain size distri}ution)

rn! ( 2 ) n :tmur uiurouruur dqrurlrehlt :cnrrr:nqcir oiqnmlih'rJ :vnr:tor unc

R rruuruium.n rnoulv rirdrrfrf,'q1unralu:ruJill :n vnsuavsrrludrl riruf'r

'11.t.1 iuttlnCnll ltan rta\r m \:aurl lfmynAu

nsnaulm,fi"l ,r lrJU:vnmrtlf,rs tlrililur (ctay) nunsux?lu (sarg)

xrlu (Sant) uncnr2n (C,ravel) do o"o""rrr."1 Union ?a{sfiIlo trin1ltrn'ruua

rnof,unr:rdrnirn unorr 1rr 1Rr fiurirrrutinnr.rllvr'olr.ti

!ura snou rurnr fiudr.,;urfirn1.: (rnr. )

m.l1'tuu2

n snaux?1u

?1U

n120

fioun'ir o. oor.

0.00t - 0.062

0.052 - 2.000

2.OOO - 5t. OOO

fi rlrnn ir rc uJo ir rtra'ilo$rvfi rn vnoral : vnrrulrJ fi zuorpt f inur nln n'ir

0.052 rrr. qcriun'irrf,usnaulrsru 'lunrmh.rlfufitnnndr 5o ujafrtnij:cnerutlfiru
Jr-r.rr.ra

n lnau?irfl$'n tnn21 0.052 Iil. 1s r tun?1]rJLn snaun: rauR



nM1anu,a\tta.roqnrn vnflalinm'oh :rr{arda.r,hl lvoia natio) lail

n cnau Iru r cilr u cnfl ns r o'un d.* *",nn.r r rnarhrnuqvir sm'r'llUn :.rrlr.lsa.r

ncnautnriaurildtruroJnouncrimr:Sdrruju (consoridate) yrl'lfihndrumdaldr.r

n cnaunnfiaun.! uian rta,rur rniua* rn*or, dui,,raruurnr rncv r fi mr16r# rruiu6 l
l4lqnnrr'ludr.: r':nriu$r ,rrt rnouur,Ssms'[f r rnr.lrun'hlv6.r1dr#rruiug.,rqn

1 i . lr. z a ? lulru'r uiurJa.r, r nout ns{c6rJ1uri1.t I irufl

(Unit uEight of Deposited sedtu€nt )

n rruilurruiusa.n ;nout ns{cdrf, r'lurirr rfiufrulru6.: frnfirn cnfl dht n

dsrufi r'lurir.rrordu,nirs,lilrr r rir4ruadht vnoudon'+fqdlfl rn.rd NrJimnn cnaufir n

r Ura'rr d.runn'rvirri:u rirgrao'tu lfirilrLlrnsra n r1trlru1uiu?afl rn*tnrrr,
'lurir.rorilladltuo.rr'ri:snam'r,,! r hrnbhti

1 ) 0inuncnr: mn un n ?E { uulRoIn lnnvnau

z) i6nralffi.rrurir.rriufr un!

)) &r:rnr:6nrqju uia consolidation tlofi snouianfunl'ludrr i'.riu

ogtu dm rnau nfu nrfiulruru*l

qrnnr:tnur0'vr mlillfiur': cfi dr{n ?1rnu1ffiiuflsvr vnout nrcorfi rlurir.t

fiutu'nunrnrruonuarrroita{nlrfl Enaudlrnr Urdr.r unvnrnJffi.rnro'r.r tfrufrga{0'r.r

n'rl r r,316 rir.rlutllgo r linr ursnrir uorurr,ru#, (Lara arxi Pernberton )

lfircuouuv6n r'lunr:niurnrtr:ruuruiuuos snmrtnnvrr,lu:ruc,i'rurn (rnitial

unit weight ) Lr'. -

?1 (}.,P +i{P +t{P )/100cc mm ss ( rr.3)

11:21

rilair ria'sa.r;ru rililgr nvnaur:'lu unsr:ru1ur c

lunr Urrir.r

lJ0 1I n rrprutuium.n cnawi nrv$#r'lrrror, rlrurn,iltatour.{oio ar, . r1n

PIPc, Pm,
J

n$fli
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w.' o rtftaj r vinf,rfru tu i'nr r rniu r n ! nau$? 1 u $nvlr ? 1 E

. 
n rln'rht

rf riluJ : siilf,so.r nlnlroril*{fn,.l : c r nx!a.ra'r.r r flufr i.r rd.r aan rf, u r,

rJ:; rnu n uiinralffi muaaldr.r fis'otti.-

:gtnn frruruun r al$la'.rruso rdr r r fiufi !r

1 n rn*C, na, oro;lrngl#fr Ira tnaulu mnr 2ft1

( sedinents always sulrnergred or nearly sulrnerged )

2 ilrn' nr : nrn v hrfrlrrir -ra d: vu dr oJ run m rfi .rrlrn

( Normally rpderate to coDsiderable reservoir

draldonm)

3 ilnn'rir.rrdf.roir rua

( Reservoir normally snpty )

t n c n$rt n(sarludr.r rf, rn rnouf,a.rft

( Riverbed sediment )

J ,,
r uau:r rrar,l rirufr tiraj:v rnnl nlu 4 U rv rnrtlslu rvs{rrr:nrrir

al
ilrd:vRvGlllq'lrnt:rrfi rr . s

lll=scI{
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I

n 111.:14 11 .5 rirHrd:cirf,

rval'ludr.rrilu

!{tJwc'm's
?vuc r ?rl.rn

'a'f,'li'lunr:niurnn 2rrtrruloium.n rnoum n

(usBR, 1977)

r,:v rnvairl riuf,
rurrn ruiBnraJffi.tru

t.[.
nlrluss [ltlJruBrllJ

!{c $ls

1

2

3

4

26

35

40

50

n
7L

72

73

97

97

97

97

J .--
fi2pgi11fi r.z q$"lu?omr ?lrrurNiLn snoutn ndvtrn- rlueir.:lu: vu! r ix[?n

'Jsardrl rfiufr i.r{rnsld:c rnm r alnn'rti ln :lrfnlruan tLa.r sa\t

26X1

alnTn vnou')'u?1r

flutIuu? 23

ncnatrl?1u 40 I
tlnc v:1u )?*

lt = t26(23', + 70(40) + 97(.37l-7/loo

= 59.87 z 7o rblrtl
{a

tra flvn0uund36fu t ul.l I ?o'tu1uty [n fn'llaRn2 u]l.t ( consolida rion)
, .'I , i - .

R? llMU 1 $lJu ?lA { ntn aU t lul ?JU n"}lJ t ?d't R2llMu',t N]lt?an nmouu9ndv6Jflu t lj1t t 1n1

ovn"rutulfilms{m rr

1T 'fl + K 1og1 o T ( 11 .4)

R 2 lrnu1 tuiuuofi cnar"luii1.,: rflufiht nts rIlfu riu I 2 n1 r fl
rtu6l n,l.t

vr 1 t}l

Tll

tra 'vT

I.{
m
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R 21r,nu1Nhtain snaut n1u:;r,s r duum ilaud/ ru . rfr

rirfuJ : v8nf,nr :il rfi I rniu (consolidation coef f icient )

ii.rtuag?ru rm{r iln'sa.r cnmlur ncnfi #lunr hrir.: ;'r x

eniu2rulf,q1fldiln'1,

K=(x

K

n'l K K un8c' m

"P" 
* K,nP. + K"P" )/I00 ...... (11.5)

a

x n'm'rllrlj:siuitfrnluinr rrniu2 nyrour?1u uavvll'trrs
J
1l r r. o l{r Ill : v r nrualdr r r iufr uurn rur'6nr aJffi r ru

ruu ll

.cnlllmnJ n{cvrr1}farm r:'l.r

T = l2n1

"1111j 
,r.s drfut:ri# x K

m
*1i1un.n'ruznndK Ks

rl:v rndrr rfiufr
a< ,au-

llufn 1r?En1al$rl rttu

,1,
n1rlUnSU'lUruo U

Kc K K
m s

5.7

r.8

0.0

0.0

0.0

0.0

0

0

0

0

u.s. soir conservation service llrut rrltldud:cx1'r.n rrltuurudl

mvr cnau* nrcr{fl urau rc il t'h, frurc r til vnou unvnralffi r ruroldrr r irufr ltl udnt

lrar:r.rd rr.z rfuJ:slsfiflur,rraonrul#r 'r tJza{dr{t;nafrri:l (rtoodwater-

retardirg reservoir ) tntdr.l taunjrve .nt? l tl

I
2

3

4

16.0

8.4

0.0

0.0
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nlrr{fi' r1.z nrrmurudu goitn VnAUll U.S. SoiI Conservation Service 'lf,lunr:

oonruul#r r tlsa.rdrl#rmrq'li.:ru lo il (r,i*r"r, et.ar..,r9B2)

.,t 'ruai,arn ?lunuruiurms vnouhndcdrd?'[ud1{edrrfiulrh rrl:cac t rnri
-.Jri{.ninar.onmJ0r nvnournnm.rnlllu'lurn'nvilcvi:vu;trnrlunr:6rfrrruirn'r{Iru ncnsuinn

rizucci:;u; r rnrnr:6r#:uhmnnir rnoutn'lraluil.r'r uruinr rbf (uurer) lfi

r duaflh r'[un1?air:rudrn :rrmnujunos cnau t o*, *nr rrr, rnr t i li,noi. -

YT T1 + 0.43 I(t( Tm ln T) - tl (11.6)

a 'l nrrrnalr udu ft,narfi'qnr c ilfi rluri', o, o6, 
^o* 

rri! r lnr r ilT
,J

tll
ftrotirld 11.3 'llfilT21lr'tururirncnourodufingvtrlt:lurir.ttiurrnnnu roo il a1n

UoXolrdrair.rC r r -z

?E'T1

= t16(23) + 5.7(40) + 0.0(37)l/100

= 5.96

fl1rn 3n0u
nrnouuraglulfr mnr ?n1 dv trdo1n1i

( Aerated )

:laudirp3 nn.i r?ltauflg3 | nn.tu?

ftJ rLUg2

n 3nallrr1u

ItlU

I

rr ru rncn : rflii{a r iutf, r
trn

40-60

55-75

540-960 60-80 950-1e80

880-1200

1360-1600

1520-20e0

?5-85 1200-1350

85-10O 1360-1600

95-1)o 1520-20E0

E5-100

95-130

K



11 -26

lroo 69.87 + 0.4343(5.96)t 100
5E- ]n 100 - 1l

69.87 + 9.45

79 79 tb/ft 3

R i 1r14u'l uriusafl snau I odti'lur ruv I ?nr 1 oo fl insdru:n1i1un1r ujdw

frufirn v naudln n r Ureir l'llf rilraJiun n rnaut nrsrr'ludr.: r oo il

r r . s ri :vininnrlun1:ltn vnarm.ro'r.r rirufr (Reservoir Ttap Efficiency )

r iroffirln n r tr{d1 { n ? rlr r i ?rs nnN n snouJ lrrr{arfi' nnfiufrc n nrrn{

'lua'r.r urrdarUmrutarmuoglufrlun:vd.rgrnldosoon'lilvr{firufnsfr rilafrrtun'ro.:

rJiuron vnaur* nql'lrm'r.n'aJiurnn rnurfi *u#lror hdr.t r iufl 'ir rl :caxenrfi'lunrrin

ncnausa{o'r{rilutrr dlwilag?tplr'rrunrnrnra.rrirrrirufr rJimrufrdlnnrilrunc

:su;l?nldtrlavgnrnir.roglurirlrinLlfiriufr{q iinrrun]:vininrnlunr:firncnoum.l

rjr.rrfiufrriuiBnrrurrr6rrhil{n (Enpiric.r ) drartubxmr:cfr:trnt:nmcnsuto.r

drr rffiroiuaunn,iu*r1nr

r r . s. r iEtawflr (Brune, 1953 )

u gullfirurum rrtrlllf,ud:vu'irqJ :sirinrrrlunr:Irn vnolra.ro'r.r urdn:rtar

3 ltra

nruuir,r#rtilroflifi'lnortmr.rrt:coif,rodu iyilruriui rL:tRyrintr'lurr:frrsrror.ravir.r

.rr.n;r,O'rrrrrrrnrdfrgnfinogluo'ruru uiahndrmrrllirua.tirronrrlnnrUrdr.t

r.nn ,ularornr'm rnaudar'tuqlunr Ur{rirrludr.rtfrunrn C.*fru{rut rgortunHudtnrr.r

:w rgfr ffirtJnr.r Inufi rutrr fi rh r rdarfi'rf, ou rn fi rh rrr{ uia'rlrnfrdlu nHuorfiou

frd:ulurleynnriruthaglurhrrflu,ru--i, pii rr.e n'olfi.rdlUua]rvinBnrulunr:

Irnsnauro{dr{r-rutrrdr e lil d{l}fiarnJnrlrcrnlll.rfi.rforawgudnfind'r ,C,a,fimrr

nrnvnol'lua'r.r rTrufrcvri'Uh rtrldrron*.: unuinnn'r'lftf'nJ:vRniarn'lunr:frn vnauna

nm trtjiru h.nYunrniunuc#alrr'nlilm rrir.rdrilduurd n rtJ rulo{qrnnr2ntn snouilru

uadr.rl:finrrluuroJffinr:irntrvr{J:slrBnrr'lunr:frnvnou nzrlfdrrrrnr'lth'rnr'r
10 u
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ruro.rcrnl#dJ:vf,nGnrnlunrrlrn rnaurow gulfiUoXmrrr rn vnouluo'r.r

rirufro::larfi'r ., tJ 6.rbiruvu11fu'r rarhjlUrrrj:sf,rGntrlunr:Irn cnaum.rdr.r

frnvnau ornr:icmfrilrrr ntorir.rd:c rr#.r ro{.ra{r dlo

1t.5.2 i6nr:m.:rso{?n (churcIriu, 1948 )

r to:? nl fi'lih5 m rndr.r r fiufr so.,t rennessee valley Authori ty hltll

rn rrlfrlf,ud: vuir.r uJoir trn'as,nJiurnn vnoud rn Sudrudr.,r,fiufn aJilrnn cnaudllan

r trdrr ilunr:tfinr:nrn snor (sedimentation rrdex ) tolo'rl riufr hrusollugrJfi
I

r r . r o r fi odru'lun rr'[Uldl.: sol r gar? n'lunrrrd : vivrinrn'lunr :frn c noum{a'r { riutrr

l'r rir.#arf rrmrn rr,' -Nn'otJi. -
tl

1 ) n 21!-e - iliu'n :n rtr1m.:rir.: rinrfril:vh.r riruiln r qftrfrutudr.r

J. . .
I ?n1?fl1n11? tR 11Vfl

il ilronr:lunr Ur - rJ iurnnr:lilnr UrrJ :so'1tl,u, odrlrdro, ro.fil

rcsct rnrrfiulln (perioa of Retention ) - R2u.eaordrur:lhu

n rrllirnl:u rf,u nr.6 uanJiurrunrrlunr lrinai'rsriu zu.fi I iuril

n?1NU1r - fl ?1uu1?ro.!drrrfiufrd:cru,fiufin,odu,irrp
.t.J'orurir - nrrlrirro6u rilqprliurfi i.nrllllnunr:ra'nlilro

,i*d**n-ori", o, ofi t iirtd{ nir.r r odu r rirlhn ruyr: fi rm r uur r

rn:iilnr:nrn vno'u - :vuc r rnr rfufinurrlhm ruri:

'lu1d.:mr rra:?n1u3lfi' r r . r o lfi rilhXma.: usBR r trlrJlnu d.:[agn

rl< - , '
ruririirilrdrurutalrjr..rrnvnau uncdrltJ:srnrii.rufl.ra{rtm 6.rn'r'ttt3rriaudrId{so.:

r mfimit : ;lutrftunrnJ : cir;nrrlunr:Irn ynauso.rdr.il :c rnuil f,ihr'ri6nrrae.ru gu

- , J . .. , "
lf2q{r.rfr r.r+ oqiurruud:vfinGnrflunr:*ncnsum.ts'r.!rirutrrrni.:ui.:i.ritoXn

;.rn'atrJi

n2111 = 4lr,EOo tatnof-1h

z)

nr:i rn:rn{

3)

rJiuronr:lunrYn

4)

5)

nr:1unt trur:In

5)
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rJi*rnnrrlunrUr

fl ? 1lru12

rilrfiar zr, %

z) 'liiirorrmfin

1) 'lliiro.rrlr:u

h :rdan rrup oililrrunrrlnnr tr
tt,800

1 ,122,OOO

11-30

1 ,1?2 ,OOO

63,360 t

rnoirh = 1,95i.488

1,122tOoO tatRA

1,5\9.795 il.th
1951.4ee , to5- 1;5Ee:19-

R?1m
fl ?1ttg11

rornai-rp n'a f,

0.0399 fl

, to5 g.F
i-ryr1il

lia'm
(rr

= 1.259 x 10' 2U111

erngUd rr -s ( uean curve; il rsfrrGnrn'lunrrlrn cnoulara'r.rhlnrh'r

Rl1Il = 44,800 l0

iliuronr:bnr[r =

au
tcuc t 1n1rmJfln

l*ilr*oi,,.n

1 951.4 to5 ?.

nr:ifinrrnmcnDu =

1.2)J x 19

0.0503

rr.ro rilofrmntimonsn

:JilT0rrlunrUr-Hiffic;n
1,549.795

30 ,800

:cuc r rnrrfiufin-.-.-....r-
R ?11[ ??

5

30,8OO rF

0.0503 rSliurfi

25.03 x 1O
6 2u1lt-/rpr

audlrndrurir.r rrirltu r r

7
EE

)

n?1r172

ernSid

il: cirinrfllunrrfrn vnouto.rdr.t 100-13 = eZS
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11 .5 br rrnr:n m cnar'lua'rr rirufr unvorunrr'li.!ruaa.,dr.:

(Rates of Reservoir Sedimentation and Life of Reservoirs )

rir r r iufro; 6r.r r fl tal iurr :lu rn' uil rulo.rc rnnlrn m c nau d'rbr r rnr :r, n

n ; nau'lua'r r r fiufr'lu rn'nvfl r c ilrofiu am'rl : vnaudoffi q I il r vnr do

r ) uilrnavnaudlvnrfirdr.r'luu'nuil 1ag'luf,rfia r r.:)
z ) rJ :vRnGntrlunr:Irncnausa.rdr.: 1ag1ufi rUo 1 1 . 5 )

r) nrrumruiuroovnmninlfuolr (oHlufirl,a 1 1 .4)

fi rnirundr e- n"al ilrnn cnaudlmn r fi rair.:luur ncil innjrs rirdfiufi n's

ea, n"al : rRnBnrn'lunr:hn cnilJ rf, u tila f r mn'

, R'ffr ?1ultu'lrniusavr vnouilmjru riufrvirn'aJir.n :

n*, utah lnr : gX r fr trtJilm :iir.r'lutn nciqvdrrlr:n

Qs ht

frr :rnrmrnvnau

niurru'lfilrndlnr:
x

RS 100 r ('rt .z)

rlJatn1?(ll1a1nn1m fn vnau Irlu arqnr:'lUlruua.:rir.r 1 r,* 1 ts

R

r nofi

n'rurrul Harrnl ium :rir.:dr era'tldrx5un1f, m snau ( vs ) uovh :rnrm rn vnal

firatir.rd rr.s dr.rrfiufrrsi.ud.riunmruc 6 firu flr.uo: lilu;itiuf'l aoo n1.nr.

r.tirrrnrfril'lunrSriir.rroduuirllr.r rso rot.rfail ninnfrrnvnauj:v!1tu 1,100 ruririfu ria

n:.nrr.cfa,1 lfllU1do,odoouorg, rrorrturfdmrrlnururiurnautodurlirtu r,5oo

,3
nn.na r- aiR1u2o2'letyraslir':nrtrir'ln rlilm:ei, .:6,:nnn.r tu6a t frru zu. tut:

!
ff{u

Vs (11.8)Ln
R

RS

rn'atir.:1 :in lnl:cEr6mil'lunrrHrr snouta.!a'rrovnnnl, da]im rn rrq
orfiasn{ rda.rornnlmrnJnau umn rruurutiuso.n snauqv til dtrutqj nlliln ru t rnr n1l

niurrulruliamr:d (rr.z) un! (ii.8) i*rrdn'lukuruvduumjirlrrnrnvnausa.ra'r.t

aon rf, udrutiau .r uHrfi rnr m m cnau'lu rdsid'rur tr n'rfu Ixl{ rotir.rbld. -
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.,!,l1

rJirrrufrdlunr Urdr.r ( r )

rJiuronYnaudhnrfirdrl ( o")

= O.35 x 200 , 106

= 70 , .tO6

= 1100 x 1000 x 200

= 2.2 x 1oB

u?fi

u3.tl

nn./il

nn./rl

nr niurru: suv r r *fi n n'' r gx r f td iurr :o'r.r rrinv#.: Hru l?

1Th.nr:r.notlil.-

acladoir

lJflllit
m rlorir.r

firu l?

ui:tinffial
1 rodu c

fir l?

clr E
Ri

I
0

s

nfl. /

1

nn./!3

v
s

,2

L
R

il
5.0

5.0

4.0

3.0

.'

1

0

0

5.5

4.5

3.5

2.5

1,.5

0.079

0.064

0.050

0 .035

0.021

84

80

76

59

55

I

I

8

I

8

2.zxlo

2.2x70

2.2xl0

2.2x10

2.2xIO

1500

1500

l-500

1500

1500

6

6

6

5

6

t0

10

10

10

10

8.1

8.5

9.0

oo

L2.2

47.7llu; r ? n',rnirs I firnr:vrrn;nau s Kru l?

11.7 n1?rdnr !Q 1u?,0.n mau'ludr.lirufr

(sediment Distrit ltion within Reservoirs )

utrCrn: vnh'oaqnrn Jnord rn 6€d r r Ur{rir r rfiufal ?snflJHruur.r'[uuu2

?Tr'luir{x1.rn1:lumoln:;urfr,duoo.nn.r,ndurdsa{fr unc!r:.r'lu,*rt,duoo'rnuro

Ifilrir.runcnr?duhula{nt;Mf1 (water r\:rlulence) a1n"nn snailErn itagluf,nuflv

trs?umutrneflnrr r f,r{rir.rlln:'nr rrirdut.tf,rlilru (Tr:rhrrence torce) trirfim:'ail1nf i1

r?.!!d0.:a1nr?.rlfiuirrm.rImr rdatrrlnnrfirddr.:iludrafidrmo.rnr:lunrf,'l vr'rtlhrrri
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tirlaln:;udfirrnvnrrfl'rajrunrn.rcun:sfi'{lddrmrnf,anrcnour'otllfi l'.rrinnrmn

n 3n0u

nr : ttdn : so rsso vr c nau'ludr.r r fiufriua{fiu a.n'rl rv nauu orul ? gnr r noo

(r) rilmsnau (sedinrent rexture) (e) n rrufilf,ud:srirdlilTunr:lunr Urlncaon

(r) rurnunvgrjirrso.:a'r.rrirufr rnv (4) uutnr.lnralffilrumleirlrinrfr n1flfl

nsnauhioi ridotrfirrl:oti r #i:vhn'rqn ( Lcn^,er storage irrcrenrent ) rdlo'l

1 1 . z . 1 n'l rxnJ irrl in vnau'lu r uil irrl : fr :a.: r don r rr]o.rllufrilu

n1 fl ndsdrfi 2?0sr cnau'lurir.rJm'ov uerhrvoruoglurvhrt'rn ir : cfu rirul1n

rn'(uormar poot) atir.rlrinrltheir.:rirut"rilJiril:,firfinuf.rro,f,'unrnJo.rfiufrr,irr

(rrood control poot ) unc :vhifr'luirloglur n' iurunanrn :: amirnrm ni(cs{rfi r

tovrcnau'lurmUiuu:drrarrdanrda.rlhrfrrilrlH ajd rr.rrunnrUalnmuiruirufr

rr u,i.,r'[rarinru creat p],ains !a.:s{utrarxinl i.rarl'ltr'lunr:rJ:crftflrrilafrtu'

tls..n snarCnndcrrrlurir.r rfiufr rrfia:clfu rfiuilmJrnir'ajilron vnoufi.rillrednrcar'ludr.t

n:rv{h{nrirrocrflurilulu'uurrr.:otir.rvunr un#a'r'lUilrmroruu'lunraJhn"lalnnfll'l

n rui6nrnJffi .rrusa{a'r{rnrfinuocsa.,n vna#luar Ura'r{firs

rnorn::dfiJirim :dr :or rdonrda.rffirriu (Frood Poor rrdex ) i'o

rdrfiubr :rd':usolo r r uGnil ilrn :dr:o.r r danr:r]a.rfiufrri:rn'm rrufinsala'r.r'ld[ r rn

ilirm rdr:a.: rfianrn1a.rfiufrilrr4ru"nruuloirtrn'roi r rnrfi:chrfrlua'rloglur uilirl:
fr:o.rrdanrnJa.rfiufrrilr d.rhXn,rririorlFnrnnnnr:flnurnrilffiuuua.:a'rrriruf'r

1i.?.2 nrmiuronr: uilnllaluiain snaul mi6 sflpj,ricar Area Reduction

- .J, i ".ltNamr : y r lml r r fi vnoumtn ner n r ?n riufirntri'l f,uHl n ruid'luUa
I

rr.e arc'ltid Erpirica-t Area Reduction r41n1? urinrcrrum.r, vnaufi t rar'ln I 'tfi

i6ftfrrurirur,rlrnnnnr:rfr:zla'r.nr.r "r ro rirrluort3arrinr taXndr:rorrdn.r'lfl
., r r .r hr ' .,i J Irxu?'lflrrliruairol{ rmru'rrfi 2rrlllJf,ufiruhauffij rilafrfia'tavrtnaufinil:sun rrilfrn

n r w trfi .rrir r r irufr 
3rJ :'r.rdr.r t iufrr r nnniuurn rrn rrlillrfiud: il'ir.:rJ ilr :n r rl.o

. I ..- | q
a1{mn'r lNnn ?.,!11'r rr4n1r1rnq1[una1{aon luu 4 llclnr h.r$nm'[ra r:rlfi r r -a
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J
n 1:1itlt 11 .E n1?ei rrumJ t! I nrcir.: rfiufi rlfl irl

il:crmor.r nlraiuun m

1

2

3

4

xurf,dd (Lake)
.JaIrlU - nUIUU

l,Flood plain-Foothi]l )

firfiu (nur)

TJ I ?,1 nn ( Gorge )

).5 - 1.5

?.5 - ).5

1.5 - 2.5

1.O - 1.5

cir,n 1u r: r m'adrmh.l savr r rrr m n r xua.:n i 1{i'.r1 lrqrnnrrfl Rmn r trfinlfu

rJ irrr m r ul"lun : c nrr*nlr{ fu n -fu n lil Tirhhi riu#r .ttJ : v r nnnv r ndT rj r #a'ro g1ufi

:ar riorirqJ:vrnqurmfinhhirir.dta.:aglrnprtn6nrnlat] urv,Y.rnrnJffi.rrurir.r

rirufr uioun n v nsuarl ul dtnaj : v r nrra rdr.r r irufr uiarrur n t nauo rl uJ dtrd : c t nr

sa'rrir.rr"ruf,CniuurnrlSriir.:lH rdu firrir.rdfulir.:tmglul:vrn#: rfidrvhrfr

nnnrau'rruno{rf,ra] :uci rim snaudfl'ludtiuinr rufiur eirdtn lt{mglraJrs tn# 4

.'ai
unrrlv ulrd : v rnmi 3 ril:r cilr cnaudfllnqi nln${T rrirr orud a,dol rin',*lnr:

ci uuno'r{il:m r n uandraro riutJl ffi .r z ruu osdtn:n'lirmnnr irsrfiutnluun'ir

a'r.n r: riuj:c rnrln

alnr :inr5ru'lunr:niurornr: uain: saluiain vnouCn ndcasdr'ludr.n rrJ?'6

Enpirical Area Reduction

YnH
I Fdy dy (1i.9)s a

o
+.lR

Yn

t rJa s

o

n

Y

A

...vJ",ur 7 ficnBu in4lJrlnnall tua1.:

- ...'J
tcrumlutR lt ?E'u

:ctuiu?i1ildfirdau
..t. .^ J.,l

R?'BNv'8nfl.tl 0A,lr?Ill

r J. *. ,
fllll49r ?1I1 lualit

n r&.rvrnru vrar UdN:EE r i6nit l#a n-0
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av = dr.:azrl6nt

H = n2lxinm{rir{fi':cfiJtfiutlmjm'

r = Hadzrn.rfifruh.rnr:run.nlutcnouil!frxd t.l tl,.rfiltunourl.r

r a I druhiirlilninrn'lll
r<'a = um JnauHlfind (Relative sediment Area)

firn'tun'ir K = An/an lsa{rur:oaufirnfli ( rntegrate ) dunl? (.11.9)

runv{n1fiaglupJiru e lf ir
1 sn

A
(11.10)

n

Vn

nHa

t!0 = rJiur rrir.rHffid:*ugrrid

= fo#rlHltu#nvtugurilrrl

= rJiur :o'rlfi ou# :vfu gudtrri

= nrrl6nthrmm'rr

= i*#llfi *u# :rlugnrtiluri

q_t," 'Etl
,op,

n rruinfirfind
<v

ft l'luffl?ril In

%s
a).utIT:X{ntlfifi 21lnn pH

d.rlllruh mliarir.rfi':cfu'ln 1 SmrnrchrrhJrir hn'a

n

%

v.,

+'

H

1
sorun''lfi

llnc

ap
hp

hi

p (11.11)

U1 .12}

tra p

%+,

rJ, a )
xuvtDl,itlr itl,,tuflm ?1Inn sr
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iioo.nrl*'l rd (, r . r o I ov1 Hdrfo r trin gutflnri Yn

h.r uan rlugrjfi r r . r e drl irrirrlUurlfkaan uri*d n, gli,, ., i
..v at e a t . I A
fllllflJ fifirllrxE? !14 21.t h f[J D gfll4iJoli J1Slnrnl.t .r th: t mrup

rqruifl dunslfi'.roan ulraJiursr : rfrrlln

hp

orn fialm r : dr :rr dr.r r irufroiurulrnlurtnt5a r linr usBR 1 Inri r a rlrah.:

I#.roanro.rurJilm:riulln (sto."qe design curve) 4 Ifr.r druiudr.rtfiufrm'nnl:crnr
I

,1,1 11- 1[ dnffl ?1rJ

t.:f,urlrornlfiraon

i6nr:u1yfu61tiluil
' 'i ' -,'linlnrrdht.tz)

A 1U?IIM1 hp X p n 1l el [ ft]

n$m no firr p o.r1uflfi (rr.ra)
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6. niurunnjirr:ncnar (frsllsf z)
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7.

t mn' m rnllud r t:;u'h.r$u rrug.r

'11-15

n'rurnrurfr p laohni +;
t.le = i+ rIo y=n?rN&l'lnrn'norn:vfuprdrfor

dn rr'rtrdilr,Frdr',ulu rir.r r fi uf'nj : 
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r ond, o rnl fi .,r a a n uuu#udti r.:'lu
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n'ruzorunlu*cnouilvfu p ln .r (nafuf s)
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r1irnacnsu = (-r - zl av

niuromd iulr m rnour{srfi e1n? ! fu gutir fo6 rfi rffr (n ohni e )

fintirr:nvnou*iuzrulthinirfir s t'1rrui1fi llhiumurr x lrlri

x, = xrtfrl
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(11.13)Ynn

As H + n
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1 ) un'rrmlfinmliir.,rdrvhrfiufirntrf H

e) utrart#rvhgutffuri vn fuul6nr:ranadr (tti.ar ard Error)

d.rv'rlfih.ril.-

- drrnh'rnrtrfordrvhrg,utitrri vn

:- ndrir*r.rd: ufu6utflril an unutirzr :rir.rd: rhr g,utftrri vn
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11-L?
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(H Yn) + Vn

lf(auu' Yn 'lnfllfurnnr'r r iur
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'lffrlrnn' v,., luri'lffraunr'rrhr

lfr s = An(H-YJ +vn
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B = n?1rnh.,rx1.rfl riultt

o = Uiurrunr:lunsaffrrq* tiu zu.pr daiurfi

e'lus{rnrm'ab1 :rnr:ln#ddq (Dqninant discharge ) d.:rrornbr :r
frua.: 16 rn d.r r.riobr : rfrriruJ : ro'rfl r qt

fi rro qmrnr:lv'lfh'n rtrnrnruf,rurui'.r'ldu'r'tlf r n'rn.,r,o #rfi'rur rnu,
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to\n?1r01nr ls.rinrnr.rtrr dvrriorqqvuila'lhrrorrrr.,Ntr#o,r (verification)
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11.8.? nr:urldfn (Pivot Point )
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iuagltrnrarffitruta.oo'r.lrirufr uasnilunlnr ?alur.lfr'lrarirr#,fin?rrouou,rdu,
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1u
11 .1 1 tulfilnnn

(i) nifiiartiri.rinlfinriugrlfrrua"urfiufirlft,il:flrru nirl too 4n 6n ro r1n

.l, ,-
R1 n1RtUrcnIA.,U1tO0UIl41DU 0.000125 fi1 Hanning roughneas

coerricienr rn) rrirfiu o.oa5 ornnr:inurnvnaulunifiiruir nrutbrlnr

lja.: ngnAu[?l?unaU (cqrcentration of suspended foa) tilffrU 11750 ppm,

niliiHnurucriufiurriurdnfiruriu nvnauu?r2ufiouivrz'wl;rlanit z5 * t{}r'r

1. sed Load Discharge tfiurbiu) ttnc .

2- ?otal sediment Discharge f fiUfuiU1

tun'ru1n{n01')

UrJ 1U t X[ (1) dJn']: Manning

1.486
s

1/2
n

a2/ 3

(2) Total sediment D ischarge

suspended L oad Discharge

Bed Load Discharge +

(z) 'lunr:trrurud':r.reir.rriuliditnlrnR?Tja 3,ooo rorm{-iln uunifiiaruri'l
Jc{ i- -"xxxLtvlluu 1 (warershed Area) 50 n:.'lud fialil.ru[nl:cl'li (annual

.l ,. e- 
- q d

streamflow ) t0nutulfiU 5 U2 lrn Ydnl lflf,fldnnEnaur lU (annual

sediment yierd Rate) rilrflu o.5g tarroi-{n/nr.lud i.!xmlqro{
I c e6u I

a'r\r I nuulR{nfl12 n iilun'i1a 1un r:'lU.r rum.reir.r r fiufii rv"iudnn.r r i'a ar Trcnna.r

1r
runo 500 tarfo:-{n

'lunf :ur Reaervoir Trap Efficient lfi1U curves ?E.t Brune

Aa
ll{ 3 Curves flA Upper Enve}op Curve Median curve !!ng L 6^,er

Envelop Curve

curves fildrl

rua J rU iuur )iuua 1un 1i'[fi.r'lu?E.ra r.r r nufiiriniurllh crnn r:'lU



(r) 'lunr:fior:rurd':rqiir.rrfiufiruuaifiirrud.ri{fiJiurn,fri:ruilrod'u r,oo,ooo

ta r m i-t{n rtas a'rnn1 :lmiirrlnvnoufi lunu rfiufiirL :rn4'i rri'r Annuar sedi-

ment rnrrow nirfiu eao,ooo fiurbi oruijrfiinfinrh#{uriruilirrn:?n.r
J^'-

fl unoufr nndtdr,luri r,,r r fi uti r odannona ru'ltrn 1 r r itilu zs rnur{ fi nu. r1n

a u.{
titRluTlMlRlUtIln:fl?111?D't01itInUUl?tI?Sln',tit.t n1r4UR? tlJ'1fl7fl1l1JI

I a e. I -e I I
tD.!a 1.rt nulitiocd5r.tm 2o,ooo rotmf-dn unc'li Median curve ?B 't

srune 'lun1:,t'l Reaervoir Trap Efficiency

(rr) 'lfiniurorutirrnrR?1ra?E.ta'lnrfiufiidrrardr.r q 'lu?n r 'tnri 1fti'lUtir

rhit weishr rn.r ncnaudi r ild'uurru8{'lilntu r 1n 1 niuunjl

1. nlrionlr?n.rri1'rrfiuilirilururu

"Normally moderate to congiderable reservoir drawdolrn"

d
u"b r tdxnm{xru2 (P ) = 20c.
rlhrruunnvnau r"ru (P ) = 40

F

rth?liurM?1u (P) = 40
s

. .d
filu?olll1 Unit weight n'lll2D?Eil Lara Ung Pemberton

( 5 ) nirun1fi ri r,,r r fi ufiiroi.rui':u' c apac ity-Area-Et evation fi l n r :r.t
!

l{ntir"runsnoufinndctu'luiir{'ludx roo il rilrfiu ro, ooo ra r m{-{n

e.r Riu?On'l turin rv I rU ?E.,rncnau'luijr.runv capac ity-Area-Elev at ion curve

- i.- .rr au u 'l < 'r'r'tUEt 14f,.ralnxd51it] d teun!'ltirruufi r tOO fl Iruir Enpirical Area
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Reduction Bng Area fncrement Method
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EIev. (ft. ) capacity (AF) area ( Area)

1,ooo (fiua1.,)

1 ,00s

1r010

1,01 s

1,02O

1,025

1 ,030

1 ,035

1 ,040

1 ,045

1 ,05 0 (flo.ia.l Pool)

0

500

1 ,700

3,400

5,?00

8,600

12,100

36 ,200

20,900

26,2OO

32 ,200

o

200

2AO

400

520

640

760

880

1 ,000

1 ,120

1,280

(5) 'lunr:itn:rvr{n'mnnflunou'lua'1.rrfiurh rflaui'lU'lfflunr:ninunrjiurn:arurUeir

(Dead srorage) to.ra'r.,rrfiurir d.riarglflnr: roo i lt:rn4.jrifrayndr.,r .r

-...,Yn{oo tlJu

1. o"n:rHnHinncnou (sedlmenr yteld Rare) trirniu t,ooo

du/n:.nx. /fl
{ i, -2. lnrxnrJu'l 20 nl.nl.l.
. t.3. lJr!f,rEn1r lun 1t Rnninaura {0'l { (Enr) ru,lrfu 70 *

A. R?1rmu'lniu?t0.rnrnurdrnorlua'.o,oi'o 1.28 riu/nu.rtrn:
{

e.rniulruu'rJitr'rntnvnaufra vnnau'lutirl'ludr.rartlnr:'lf.rruro leirr r 6urh
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