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Flood Routing by Linear Muskingum Method in Tigris River
using Computer Programs
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Abstract

Flood subject represents a danger subject for many people and countries which have rivers
like Irag, thus to thought in ways of flood routing & assess out flow discharge river.

Flood routing divided into two kinds, hydraulic & Hydrology. Each one of them has
properties & features. One of the most important method of routing is the Linear and Non-Linear
Muskingham flood routing method.

Baiji station has been selected as a case study because outflow & inflow discharges data for
a constant period are available.

Linear and Non-Linear Muskingham Method is applied using modern computer language
( Mat Lab — Version 6.5 — Release 13). It working with Windows environmental. For each
method, we do two programs: the first is to calculate the variables (X,K,m) and the second is to
calculate outflow from the Baiji station. Results of the first program for Non-Linear is analyzed
in statistical program (SPSS) to calculate linear correlation factor. Also a new method are
created (Mixing method) between Linear & Non-Linear, then separate it in another program &
use statistical program for it. With insert all necessary statistical graphs and discharges
comparisons graphs.

Results of Linear Muskingham method is better than Non-Linear & more adequate and close
to real data, also when it is used in the third method, it was the best. Results for Non-Linear has
been canceled when it use in third method.

249



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

dadiall 1

oSl g Basy) dany Las o3l Lgia g i) L e (Al Jgall 5 alil) ale) gl jlas (ala gill Gliad aay
el o8 Al sl oy jlatll (e 5 lcandl) g Litial 4401

.L:_)_i},nﬂ"'""umjﬂ\umu}ew%)d\}w\wﬁ\sﬁ&h.\u)dd_).bj\)\t_ﬂ_\.\sﬂ\a&?h\gh\
SRS ALt aall Axd giall (o jladll (ad 4 paal Hlidall il adaie JOA & )5 Jalall lsall iy asa s aal g
A aalall ¢ san Alitd) oy jlaill 185548l a s Al da gall Ayl aadins )y DAl AleaiSie 34 5l ollia
Cay bl a5 Car aleaiSand a5 Adadl) 48y Hhall slaic ) alu Candl 138 = Sl g Jal (ol jall dapd ity
@ s (el Aaadl s Al 5 A1a0)

SN A Gl oL sl sugd) alail) 2
Ol As ge A8 ja s IS8 e Soall Uil 5 oyl s s Glua 8 aaiid Al 48 o Ll gLl o

:(3)0:.“‘“&&‘ 3..\.\9.\3\ ahe.uﬁ

a3l Jads 5 AN Jads fase o ading (g2l 5 Sal 5 el g LY ]

(a3 £ guasa #3) oA o sgde o alaie Wl oo sl yaedl gLl 2

- Al a8l e adiad L;jxun@\tm\ﬂ@buhiuim}

uﬁuﬁwu)&UM\&M\ uhub}sua\dehMMu)&¢PLﬁ6;\J;Y\UAJA::L;\)@_J\Y».us.a \

d;\ﬂ\uh);ﬂub.a&.\“j\bd\.’)&\n)_\ﬂwjﬁm‘wu\)ﬁj\ﬂjw\w)ﬂu\ﬁ‘;\ jwskbd\w)m.\n (=]
A@AJ;L}\.@.:L;AUS!MGA M\thﬁﬁu&\oﬂ}hho)muhuaﬁc)\;ﬂ}
tbad\‘_ggﬁjd\w);ﬂmehyMJstbﬂjd;\i\UL:)Q\

J\)A_\J\ml_\luuaﬁ\_\u}mg\}\ )LA“ ‘@};J\c\.d\ ‘ﬁ\)j\uh}wh&aﬁd\if‘)@\m;@ub)ﬂ\ o)
Olhoall Ala o JIE gl 3 558 58 4aeS il 13 Lol (AL 4aeS ()Y AL el S 1A il o) Al Jaga el
Jalall

sl £ Lot fam .3
O AN ABe 5 ) siall (g oAl Adalas 5l 4l atal) Adolee ey ol 5 2] £ LD A sl gl ¢

Wy joailly
ds P S ..
P (b ) e Bon ela g e A (G ) e (1)
S=K.f(1,Q) (2)
. ds
S\ Al s
sre dt
Inflow Jalall goall: |
outflow z_ &l gLl Q
storage coefficient ¢ 3l Jalae : K
= O LS oo | Alalaall (€5 of Ky
S=K|[XI™+(1-X)Q"| 3)

(Reach) el (e 3sall ¢ 3all ez lall s Jalall (el sl sl ¢ )50 Ca ey Jalaa + X

o OAN 5 (g el At al) A8l e gy (53 ALal) Bl my

e 3 A ghoall Ga) s sl Al Gudy 4881 (8 58 5 e ) Claa g Al g iy el 5 G 3 G A o e i K
Aaldl el

JalSl i) (5 3A1 (0.5) (o o) 3adl (8 3 s sl 0 3Al (i) (e 7 ) 8 e D) X Jalirn 4ol

z O s Jalall gloall il g sbas aie L Jise sue 5S Jaladl 0l ) X = 0 4w Leaie (wedge Storage )

OX =053l o5

D a1 00 380 5 (5 siall 0 380 (e S Sy el 3 ladl) G 33 anas aleaiSise 46 ) 73 sal

250



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

prism storage (sp) @osddall cidl
(R 3 (6 sinsa Al o O sSall () JA11 iy 108 5 () alilie e (g sl Jean glal@al (e oAl A aaa
(1) M\gﬁwuusccjbj\wjmﬂ\tbﬂAMHﬁbhﬂ\fﬂg\y

wedge storage i) AN o

Lo ghaia (8 el it vl 5 (5 sdiall (AN (g el ehanal) (s (s elall grhans s 0 5Sa 0AN a4 2y
s dad ) gl dadie 84 g0 Al (e Abud) 03N Sty Cpa A LG o) sdiall 38l 5 el BoAse
(1) JSal 3 e ¢ uaial) Glagll DA
Sw = 4ie Jmd Sy ind) O3RN Wl S = f(Q) z o) paill AN die jany s Ol H3a (5 siall (A auds e dale
il =m s cOllae X 5 K o Cum s (3) Aalaall 3 LS el 8 S 0530 e el Sy Lie 5 (1)
(Ol il g8l ] = Al
Db S (3) Aalaal) ranai 13

S = K[ X1+ (1-X) Q] =mmrmmmmemmmmmemmmmem oo (4)

Slhall gle JlusiVI I3y s G Al wiil o Jal) glosall e 2y JAl loal) Gl gladll A g o088 DA
o i aaaa ()5S g siall G AN o () ALaYL QA uul) g Al ade g A gloall oo a7 D)
) R s el e Ik

o S s el 48 g Ll 53 plaall Las Gl (i shad e aaing Linse ddld o sl sael) g Liiias¥) allai (lal
Ogalie Y g il cpo sl o) ial iy (1) I A sbose M 3355 Gla¥) Gamy 8 My X5 K 258 (s

(3) Aslra s (1) Aol ) Aslaal a5 gt ity (i g LittaY) Alolaad sl ol s Alas (g8 Ll 4y 1o Lol

gL A algaiSuis 48y 4k 4

e N LSl dlgaiSine 16yl aud

Aubdl) algaiSuse 43y b |

Lead sl £ Uil ol ) gil) Al s OA = LAl s Jalall gl jall il clal 2 5 pael) 2 5a s e 48y Hhall o3 aaiad

L Al gial) Cay jlaill (ped

Ll 5 3 laall Lat (il i plads (o i Tinse 43l Adadl sleaniSune A jlay oo 5 el g L) allas Gkl

roily Ly gl Jall @l sl (1) () st 2258 m aall Lol X5 K 2s0al) G e 38 555 jlaall 48 5k

5 (K) e 7 a5 (X) asd (e 4 JS15(0.5-0) O 80 seane (X alf Al G o (X)) A Gl ]
(X(l2-11) + (1-X) 5 (S2-S1))] e IS (2 piiase Jass il (ppad 43 phall o34 e S Clugla 48y b ons
D200 AN (e cansny 5 5 ol Ll HY) Jala e Talaie) [* (Q, — Q1)

R= ”Za*b —Za*z b (5)
X e (3 af Pz (2 b))

a:s:SZ—Sl:(IZZtht—(%jAt ...................... (6)
b= (X(Iz-l1) + (1-X) * (Qg = Qu) wemwmmemmemsmmemmemmememmemmemensne @)

dp sty e 5, O dua

: (OZ ) A8} o sSaa (10 (K) Rl Gl 2
nY a*b->a*> b
B= 2
nYa?-(3 a)

251



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

gl e iy (Jala lall iy 85 (K) dad s JUlL 5 ((R) A Jimd) JOA (g (X) e Lsid) 223 3
A gaa jall Al el 4 sluss 26N 5 (Jalall Y Gloall Aadl 4 glae (J5Y) (s e e (i (Qq) 4
Q2=Col2+ Cy Iy + C2Qp ------mmmmmmm oo ©)

o) Cua

-

— KX + 0.5At c KX + 0.5At C. - K — KX —0.5At

" T K-KX+05A " ' K—KX+05A" 2 K-KX +05A

I, = Discharge Inflow (m*/sec).
I, = Discharge Inflow (m?®sec).
Q, = Discharge Outflow (m®/sec).
Q, = Discharge Outflow (m*/sec).

: dghadM algaiSuis 48 5k o
i yisale by aal gl () (s sbue 058 O sosma e oo M Lend 1 (3) Aabaall oo b pleaiSin 48 5k ¢
B LS 1 Al gl all s Sy 8Ll ¢ Ha mllaias e pomy OF 0Sans Qp st w3l g SN G el ) A (3) Alalaal)

- (1D(10) aleall
1/m
I N
o~ w) (e -

DAY Al dspay e 9o S il paill Al 23 g ity (1) (10) Csilabaall (e

4 Y (1)

(b Lo et Jall il ghad 5 gl e (11) Aabaay (10) Aabaall Jag iy o Sy gl e (g0 AN Gl oall
eV e i bae G ol S alal il o 3a I Jalall glsall Gl g a ]
od day 5l (i 46y lall o34 il (ID(Two Point Method) cxsilaiill 48 yla (3ukai UM (e (X, K M) o s 2
o AOS Oe Lasdl 5 A o) A3y jlay Lin 7 3 (X) B O (61 (X) o s B U055 (0.5-0) 0o 8 3mmne (X
s Jiabiaagdm 5 K asaall bl st ol Jsde asal au o g2l [ (X(1) + (1-X) Q )5 (S)] o 4831
YL il ol ghaa Gadli g bl Aydaatl Jumd¥) Jaall 34 5 ¢ pilaiil lia
Y glae ¥ 5 (0.5-0) O s (X)H A a8
S=1-Q & [ (X(1) + (1-X) Q)5 (S)] 0 Aall ans 5
el Al (R?) yaaill Jalas dlay) =
(R?) 2a1ll Jalaal A e Gl e d8le Juadl jlasl o
e o) el e 2aidle Y1 341 5 (R?) LUl o3g) apanil) Jalao dlad 5 ol G Calia g e (ho JS) LA o

ode ! 5 Sl dal NN (pa pridads Juoad) e 4Y) c¥alaad) Gulai
S1 = K[XI1#+(1-X)Q1]™ --mmmmemmmmemm e oo (12)
Sp= K[XIz + (1-X)Qg]™ ---mmmmmemmmemmmemmocmm oo (13)



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

o S (13) 5 (12) olabaal oy 3a 55 ) 08 (M) oY) Aed
log Sy =m.log Xl =X | (14)
S, XI, +(1- X)Q,
(13) 51 (12) &abaa Gaadat JA (e & guonall M e a2l 23 0 o) Sy (K) dabadl) Laaay

vie el plaia 8 0 AN ama 53 e Jaee G (1) Al Q21N Gl el Jaeas (Sy) Al ¢ Al dad i 3
(11 Adbaall (g canani ) (S0 (SS) (S Al
D Alalaall 3 LS gy 5l a8y (Sp) pdlall (pe 30 Al el Ll (540 4

S, &S, + S8, Al mmmmmm e (15)
s DRI o all A0 Al A1aatls (11) Bsbe dins coonen o (S A8 Jial yall ) ol sl a5

Al ) il gl
Sshd Al e Jasy s Jgll e Al (4-2) @il hall 6

Ayl ddhaia Chag 5
L dlanally alal) bl 8 65 s (Case Study) Al yall Adhaia 2day i o oo (bl Adasa jLidl) o
LAY 8 aleaion By aalad (e Ui Lo 5 i) 8 il g a5 JRI ) gy

das g (e (Case Study) 2w (bl daaa o gLt (§oh (gl 6

(1) sl daa sall Alas jei o adl ) (o (el Adase (8 7 JAdl 5 dalal) ol padl Bl e 5 e iy 855 ey
Aad giall (o jlall) (peddl g Liin) (3 ke (ks
dhadl) lgaiCuis 48y |

Ly 8 Janip 3 shaie y Aaa 431 o8 5 (Mat Lab -version 6.5- Release 13) 4l Gan sula (ansll e o
) dae )l Al & Sl SV G S Jlaial e LSy Lae Adle Aubiily s Windows
(0.5-0) cx 25155 ((2) dsaadl aal ) (X) U Adlide af Gy i (i 3 A (g (K 5 X) e sy ity - J ¥ gL
(V) labadally el ) Jae i s lad ra 5o LS can) 1) () 45 slse a3 (M) QL Lele e JSI Qi) (K) ol 5
(2) Sl
Glhaa e alaie YU ((9) Uabaal) Gk JIA (1) oo ulal) Uasa (e a8 siall 2 JAT) Gy puail) Gloas 3 AN el gl
A s sbase (Qq) g A (AW il a5 (Inflow (1)) daladl Glesad) i a5 55 (X, K) Y el il
Al AN 8 (Q gpserved) Adanall o8 3 sam pall & LAl Cay a1 (g glasas (oW ANAN 8 (1) Jalal) Cay el
(3) JSa i) Jaladally el ) Jae <l glad zrin g LS cdlia) il we il oeilis 45 5lia
T plgaiSana 43y s
: (Mat Lab -version 6.5- Release 13) 4l uw gula (il p Jae o3
Jalall glaall il e 5 by il aad [ (X(I) + (1-X) Q )5 (S)] mad qaliall 134 s a3t J g1 a3l
Labadally el ) Jee ) phad e e LS ¢(0.5-0) O 518 (X) e i oY s (o (2 el ddandd 2 LAl
Julee Clual (SPSS - Version 14) (Slas) el (8 (X) pod (e deaid JSI iliil) JLaal o5 (4) JS8) o)
(R?) a3 Jalas oY ALE (X) dad il 5 (R?) sl
daadle A (e L O 08 5a Jumil s SPSS an ¥l geliall alasinly (R) (e AL (X) 4ad sl 2y
Gadad A (e (M, K) G 7 i Ae 5 oDl Talail) odgy yay e Jai bl (il 2300 Llail o3¢d (R?) 4l
(12¢10) osilatadl)

253



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

$ e (Sy) Y A Al (m d s (Inflow (1)) Jalad) glosad) il 3 5a 55 (K m) chaa s (X) Js) gl )
A0 AN 8 (Q gpserved) ddanall g8 3 sua pall g LA Ciy il (5 sbasn s 1591 A 3 (1) JAlal) Cay puaill
(5) SN i) Laladally peaia o LS cdboa¥) el e (yillad) ool 4 Jlia g

gl 7

Abadl) algaiSus 48y b gilds
i Ll ¢(0.2) o (X) U dcad dazadl () i Gl 5 (2) Jsaadls danca sall i) @ jeda J 5V el all Jurei JDA (e
O 33 s yall Cay slaatll (i 40 )lall (6) JSCEN pasy a3 i) 02 JDA e ¢(3) Jsaall dain g b S iyl
) i) (e A sl oy sl g o (B (uldl) A

4ladd) algaiSune 48y pha il
Tl (A Leal 2 J gV iyl el msaat i (X)) daid Juadl HLARY J g¥) geali pall Juni =il (4) J 5ol pea s
Al 32 s daid (S) Gl Al liie] Gl e (10¢9¢8¢7) claladall Caa ) s ¢ Slas¥) SPSS
Glhhadl sda JNA (a5 doa o Ailhe 4ad (S) (3l dad el e (14¢13¢12¢11) Slahddl Cias s cdon 5o
2 (0.2) 2 A sbse (X)) da Juadl oLy i) @ jelal chadadiall e riia sa LS 483le JS3 dalii )Y Jalas alagl a3 Sl
(10) Jsa
Judlas A bl 5 2a) 5 poficns Lol e Ll &35 Juady SPSS las ) galisdl 8 Leliads (10) JSall clily 23 o
Gl U el 5l 8 Lgdlan) g cildanall 038 (e 33U 5 ¢(5) saadly Gase WS (M, K) 255l 28 5 (R?) wpasil
el iy paill dilaie il ek al a4 el Adasa (g 1 giall iy jual

iy phal) zad (AadaddU) g 4abadl) alganiSuca) 4B 48, k)
Ay yhal J 5V gl ) il Glamy (e 3L @l g oBle ) (3 Hhall zrad 8 5 23 g gaa g (A Gkl Canll 1 S
T g S ¢(665) Gailalaal) (b <@ «S) clual (el (Mat Lab) sl e DAT el (8 Leliad g dpdadl aleaiSi
2ol dee il shad (15) JSAN lat¥) Jaladdl)

SV Anim g il A illaall 5 A iiall (S) Al (ills e ) ga SPSS el (8 JHai 5 el pll il gand

lan V) eyl il Adlladll (S) axdl (23¢22¢2120) JEEY) 5 Lgsiall (S) asil (19¢18¢17¢16)
dain 50 (0.4) (5 snith Aallad) (5) aadl Ll (17) Jl diiall (5) asl il (0.2) (o (X)) dadf Joadl o ()l
(21) il

alaic | Lalds oMy ey aivss Jad (Juadl 46 jead SPSS Alan ¥l zali ) 8 Lagllan) 5 (21) 5(17) oulSall clily 2a o
(7)) 5(6) dsaally a0 gliall 5 (paidail) 43 yla aladinly (M) 5 (K) 4l ) o0l 5 cnaaill Jales dad o

EE (e Jsmaall af dhad Bl 5 A dadl) GleaiS e 48, jha (8 (7) 5 (6) 0l sl &5 (e (MK X)) padll alasiuly
il pe gl 038 Al g (Akad DU 5 Apdadll) (4 Hhall M) (Mat Lab) (S geabisall O e o smenal) Cay yuaill
(29¢28:27¢2625:24) JSIY) (& Linsa (o2r) AL Aane (A 3 e sl

el A&l 9

N A i) algaiSua iy sk

el Lalilaal elld g 3 gida g Alaie Aa® o8 5 (2) @ Jsas s (0.2) J A sl (X)H 2 Juadl
A A il e B Q1= 11 G bl e o smaall Cay sl (6) IS Jaladiall ()lé GlliS (R?

254



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

4haddl) algaiSun 48y 5k o
(5) Usaadl o (MeKeX)

Oy phal) zad (AaaddU) g 4ladd) alganiSuce) 45NN 44y Jhl)

(29628627626625624) Jay (LJ\JL})A@\) u:g).mﬁﬂ Gllalaia ‘5&: ;\.s.\‘).LJ\ 0d ‘55 J panll ?3

5 Cus ¢(K=34.55) ¢(X=0.4) 234 a5 jlall aladiuly sl oy pail) pe 43 jliall  Jlad) oy puail) alade (24) JS
O L B Gy Al e & 5 Al (g el e 4l ilil) (s Jaa U5 (AU maliall) dpladll algaiSine 48 )l (Guka
Agdgal) gl

e..!;\_\: c(K 3. 68) (X 0. 2) A GLSJJ.LJ\ e\ﬁwbuﬁ.\sﬂ\ Cay pail) cA‘LﬁJLSAn.JC‘)u\ w}mﬂkku(zs) )
Alsiie a5 sl Coy peatl) o Ay jliie il L Jaa DU g (AN el yall) Apdadll algaiSase 48y yla (Gl

S o(K=1114.2) ¢(X=0.4) 2 43y Ll alasiuly aial) iy el g 408l A iy posill ke (26) <)
Alse ye A Adall Ciy paill g saclie il (ol Baadly (AU aliall) dpdadl) algaiSise 48y Hla Gaukai 5
«(K=34.55) «(X=0.4) A0 48 )l paiinly (o higal) oy ol s A5 laally gz LA gyl Taladie (27) S
ol o S gl iy il Baa Bl (AU el all) Aphad U aleaiSne 4yl (Sl ot Cua (M=0.91)
o Vs aa hlade oa g el Gana Aliivas iy jlai i 05 ) G 4iil) B GleY) Jale 4ali (e Bada o285 Laidall
) 5305 Lali 2 g5 e 4 220

«(K=8.56) «(X=0.4) A0 48 yLall aladinly o ial) iy ol e A )il 7 A iy soaill La i (28) JS-
Cre dnes 1aa (e snal Cy sl Gl Jaa Dl oA el all) At pleaniune 48, sl Gl o5 s (M=1.17)
A dam Yy dsie e 138 g ddanall (e g Jlall sl iy ozl

«(K=3.68) «(X=0.2) 43Ul &8 jlall aladi uly sl cay yuaill ae 45 el & HLAl Cay yuaill Ja dada (29) JSE
O dmys aa e punall iy peail) Gl Jaa D o((A grali_ull) Adad S algaiSina 48 yha Bulad i Cus «(M=1.368)
A demy Vs dsie e 138 5 ddaaall (e g sl sl iy juaill

alatiniuy (10

e bolbe Al AR Hh g Akad M) g dladll aleaiSie 44 jha 3kl (Mat Lab) 4al o guls el g dsed doe JAA (1

) i iy phall e

A ) e Ay 8 Akad M (e Js SS) Agladl) algaiSine 48 yk il

¥ Lyl ek ol Uil (Sl (peb i il it Y L s Aad ) pleani€ana il Ailaia il e Joan o]
i gde pae L) cchlandas EDIET AAIEN 43,y Hhll pladiuly Sl C—‘l—\-‘&“— J sl A3 ¥l (e A A ,_k:_a
e | B ade s lRI0Y) 8 Adadaie Ayl i ) o3 o) i) i s a el Jele L s e 3aml 5 5
Agtadal) Al ae da Al i)

Apbaa D aleaiSie pa Adainte g pladl) aleaiSue 48y Hha o Lginlaty daali o8 45 glite A 43, Hlal) =il -
el e 5l Tl L) e g lat Cya LSS iy s e Lyl 5 AL

Bl e B8 ) s dae s dga g Jash g ) el all Bkl 2 Usy Y s

Cluagill 11

s Al A i) plae) Saall (g ¢ Adand el ) Al ) e Tolaie)

Olamal @lld g (Aol 12 ) A sbasall 5 el yall 8 ilibad) dlae oL 83 all) el e ST (A t) J 4 alasinl ]
Al 5 S il el ) 55 Cumy &y ) il Juadl 283 J o

Jdba.d\ 12

1. Chow, V.T., 1959 " Open Channel Hydraulics", McGraw-Hill Book Company Inc, New York.

2. Al-Fourat Center for Studies and Designs of Irrigation Projects, 1995, "*Hydropower
Optimization Project Report".

3. Linsley, Ray K, 1982, “ Hydrology for Engineers” New York.

255



2010 / ale / Jo¥) 20l - ¢alil) alaal) — dpalad) ¢34 S Arals Adaa

4. Ponce, V.M., 1989, "Engineering Hydrology, Principles and Practices”, San Diego State
University.

5. Chow, V.T., Maidment, D.R. and Mays, L.W., 1988, "Applied Hydrology", McGraw-Hill Book
Company Inc, New York.

6. Koussis, A.D., 1978, "Theoretical Estimation of Flood Routing Parameters', J.Hydraulics
Div., ASCE, Vol.104, No. Hyl, pp.109-115.

7. Linsley, R.K., Kohler, M.A.and Panlhus, J.L.H., 1975, “Applied Hydrology” Mc Graw — Hill
Publishing Company.

o sall drals ¢ "paaigh) b 089 3" €1992 ¢l 2ane (s B

9. Linsley, R.K., Kohler, M.A.and Panlhus, J.L.H., 1975, "Hydrology for Engineers", 2" ed, Mc
Graw — Hill Book Company, New York.

10. Hayslett, H.T., 1981, “Statistics”, London

11.Singh, P.and Panagiotis, D., 1987, "Analysis of Non-linear Muskingum Flood Routing".
J.Hydraulics Eng., ASCE, vol.113, No.1, pp. 61-79.

12. Gill, M.A., 1978, "Flood Routing by the Muskingum Method",J. Hydrology, ASCE, Vol. 36,
pp. 353-363.

a3 abill) Aasa aie 3 gua yall g AN g JANA Gl sad) I8 g (1) ds

Observed

Time Ineflow Outflow Time Insflow Observegd
(hr) (m°/sec) (m¥sec) (hr) (m°/sec) Outflow (m°/sec)
0 3350 2900 204 9500 9800
12 3450 2900 216 10200 10250
24 3760 3150 228 9800 10514
36 3760 3400 240 9290 11000
48 3785 3500 252 965 10000
60 3715 3700 264 7850 9180
72 3965 3800 276 7555 8300
84 4115 3900 288 7300 7800
96 5430 4050 300 7250 7700
108 7200 4400 312 7050 7600
120 12020 5445 324 7050 7505
132 10920 9000 336 6850 7380
144 9820 11500 348 6650 7200
156 9585 11000 360 6500 6900
168 9170 10200 372 6175 6600
180 8950 9500 384 5675 6200
192 9150 9400 396 5175 6000
4obadl) algaiSuia 43y 4kl (Mat Lab) dady oY) geabipl) Jabed il (2) Jo
X R’ K Co C, C,
0.2 0.702 37.148 -0.04 0.376 0.664
0.3 0.648 37.257 -0.1607 0.5357 0.6250
0.35 0.612 37.161 -0.2322 0.6303 0.6019
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| 04 | 0.574 \ 37.16 | 03131 | 07374 | 0.5757 |

TN Gl Glall il 2 g s Audbdl) algaiSus 48y skl (Mat Lab) dady (AU gald ) Judd il (3) Jga

i Computed Computed . Computed out | Computed out flow
ime out flow out flow Time flow (m¥/sec) Q1 (mPsec) Q1 =
(hr) (m®sec) Q1 | (m%fsec) Q1 | (hr) -
=11 = Qlobserved =11 QlLobserved
0
0 3350 2900 204 9123 9123
12 3346 3047 216 9222 9222
24 3369 3170 228 9567 9566
36 3500 3368 240 9665 9665
48 3586 3499 252 0872 9872
60 3656 3598 264 6604 6604
72 3666 3627 276 7034 7034
84 3760 3735 288 7220 7219
96 3827 3810 300 7249 7249
108 4295 4284 312 7257 7257
120 5078 5071 324 7187 7187
132 7455 7450 336 7149 7149
144 8663 8660 348 7057 7057
156 9061 9059 360 6926 6926
168 8254 9252 372 6796 6796
180 9234 9234 384 6607 6607
192 9131 9130 396 6314 6313

Adadd) algaiSuns 43, 0l (Mat Lab) 4al Js¥) gali ) il (4) Jssa

Time (hr) X=0.2 X=0.3 X=0.35 X=0.4 S
0 2990 3035 3058 3080 450
12 3010 3065 3093 3120 550
24 3272 3333 3363 3394 610
36 3472 3508 3526 3544 360
48 3557 3585 3600 3614 285
60 3703 3705 3705 3706 15
72 3833 3850 3858 3866 165
84 3943 3965 3975 3986 215
96 4326 4464 4533 4602 1380
108 4960 5240 5380 5520 2800
120 6760 7418 7746 8075 6575
132 9384 9576 9672 9768 1920
144 11164 10996 10912 10828 -1680
156 10717 10576 10505 10434 -1415
168 9994 9891 9839 9788 -1030
130 9390 9335 9307 9280 -550
192 9350 9325 9313 9300 -250

257
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204 9740 9710 9695 9680 -300
216 10240 10235 10233 10230 -50
228 10371 10300 10264 10228 714
240 10658 10487 10401 10316 -1710
252 8193 7289 6838 6386 -9035
264 8914 8781 8714 8648 -1330
276 8151 8076 8039 8002 -745
288 7700 7650 7625 7600 -500
300 7610 7565 7542 7520 -450
312 7490 7435 7408 7380 -550
324 7414 7369 7346 7323 -455
336 7274 7221 7195 7168 -530
348 7090 7035 7007 6980 -550
360 6820 6780 6760 6740 -400
372 6515 6472 6451 6430 -425
384 6095 6042 6016 5990 -525
396 5835 5753 5711 5670 -825
(x = 0.2) phidiuly 4l jal) algaiSiun 48yl SPSS gualisy il (5) dss>
S=(1-Q) X1+(1-X)Q R’ m K

165 3833

215 3943 0.969 17.56 1.952 x 10

1380 4326

2800 4960

6575 6760 0.51 Neglect Neglect

1920 9384

(X = 0.2) SPSS geabin pladiuly (Aphadl) g 4dadl) algaiuns) AAY 48, jhal) il (6) Js2a

sl (S2-S1) X(12-1)+(1-X)(Q2-Qs) R’ m K
2280 110
9570 383 0.948 1.368 3.681
25080 634
1800 146
1080 130 0.2 Neglect Neglect
2280 110
25080 634
26250 1800 0.69 Neglect Neglect
50970 2624

(X = 0.4) SPSS gabi s alaiiady (Ahaddl) g ki) algaiSuca) AN 48 hal) ild (7) Jga>

(4atkall)(S2-S1)
2280

X(15-11)+(1-X)(Q2-Q1) R

120

0.886

m
1.17

K
8.566
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9570 616
25080 918
64470 3930
62190 2262 0.775 0.91 34.55
12450 646
12450 646
7470 402 0.884 0.373 1114.17
5700 80
rism Storae h o

Ao
=C

22

BUAY 3 oAl £ i) (1) JSdd

Input N, Time (hr), Inflow (m%sec)(1), (Outflow m*/sec)(Q)
Input X1, X2, X3, X4

v
b=0
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(Mat Lab) 4a phadiuly 4dail) algaiSuss 48y hal J g¥) geabisall (rboud) Jabda (2) Jil

Input N, X, K, Time (hr), Inflow (m%sec)(1).
Input Q1= QLopserved, OF Q1= I1.

Y
Calculation CO, C4, C,.

Fa Y U L TR & S R |




2010 / e / ¥ 2aal) - (el alaal) — dalad) ¢34 S daaly dlas

(Mat Lab) 4ad aladiady 43dail) algaiSo 48 al AU gali pll sbaesd) Jalada (3) Jdl

Input N, Time (hr), Inflow (m%sec)(1), (OutflowW
261

v
b=0
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Input X1, X2, X3, X4

(Mat Lab) ahadialy 4:hadl) algaiSua 48 hl o) gali oll olaesi) hadia (4) JSi)

Input N, X, K, m, Time (hr), Inflow (m*/sec)(l).
Input Q1= QLopserveds OF Q1= 1.

\ 4

Calculation SS;, equation (9).

Calriilatinn Af ffivma 1ntar 7o [AY
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(Mat Lab) 4 alaiiul; Ahas) algaiSun 48 gl ) geali poll lped) bbada (5) JSE

Linear Muskingham Method, X=0.2, K=37.14

—&— S1=Slobserved

12100 - —&— S1=I1
—=#— Qout flow observed
10100 -
—~ 8100 -
(8]
(7]
2
™ 6100 -
3
< 4100 A
2100 -
omo+—————F—7"—7—7"—7—7"—T "7 T T T
N > ® v e O > 5 o © > D © N >
LA L N R A A A A A Ol

Time Interval (hr)
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Aaladl) alganiSuia 48y gl ALY zeali gl (e A guaall iy jlaill (6) JSAI

® QO observed QO observed
& —Linear —Linear
10000.00 10000.00 |
(@ Ju— O so0000-
—~~
3 X
)
=) Z
+  6000.00 <+ 6000.00
X X
o
4000.00 4000.00 |
&,
T T o T T T T
11000000 1500000 0.00 5000.00 -10000.00 -5000.00 0.00 5000.00
S (1-Q) S (1-Q)
. I . 64 o
S Auas¥) SPSS gl s il (8) Jsad) S (Auas¥) SPSS gabie @l (7) Js
- - — “
X=0.35 Asbdall X=0.3 «48al)
12000.00 - O observi QO observed
—Linear —Linear
33 10000.00 |
10000.00 |
o o
" 800000 G 80000
3 3
) A
i 6000.00 i 6000.00
X X
4000.00 | o
4000.00 | %}
2000.00 T T T T e T
-10000.00 -5000.00 0.00 5000.00 -10000.00 -5000.00 0.00 5000.00
S (1-Q) S (1-Q)
s 3 s % A ﬁ‘ u ‘m ( ) % ‘
S ilanyl SPSS guali s it (10) s S (Huas¥) 5PSS gallp @il (9) Jedd
- —
X=0.2 cAgigal) X=0.4 sl
o QO observed 3 QO Observed
oo X — 0 35 —Linear oo —lLinear
b O : p © =
w000 o R2= 0.014 1000000 o X=0.3
o o
oo o0 R°=0.016
(04 © o o
;<\ 800000 © 5 ;—<\ 8000.00- ©
& = ° °
N o N
+ +
= 600000 ©O < 600000 ©
< o < o
o
° o
4000.00 -% 4000.00 -P%
o o
© T T T T T o T T T T T
0.00 2000.00 4000.00 6000.00 8000.00 10000.00 0.00 2000.00 4000.00 6000.00 8000.00 10000.00
1200000 ABS (S (l-Q) QO Observed o QO obserw:
. - 0 . —linear oo —Linear
S (st SPSS gabi AR 12) J44 _— X =04
=, o =
wooo.oo-)o ) X=0 35 "'" | . oo R“=0.012
00 o .
of ° o °
Qsooo,oﬂ-gc/ §<\ agoo,oo-ﬁ&/
! -
o 0 N
o o
i 600000 ©g — 600000 O
< . < o .
o
40000019 ( o
%£ 40000040
%0
2000.00 T T T T T ® T T T T T
0.00 2000.00 4000.00 6000.00 8000.00 10000.00 0.00 2000.00 4000.00 6000.00 8000.00 10000.00

ABS (S (1-Q)
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ABS (S (1-Q)
(Huas¥ SPSS guali s il (14) Jsil S ilan¥) SPSS gabi 2 ikl (13) s
(X:02) w‘ S d X=0.4 cm\

Input N, Time (hr), Inflow (m%sec)(1), (Outflow m%sec)(Q)
Input X1, X2, X3, X4

Calculation (S,-S,), equation (6)

Calculation (X1(lp+1-1p)+((1-X1)(Qp+1-Qp)) equation (7)
Calculation (Xo(Ip+1-1p)+((1-X5)(Qp+1 -Qp)) equation (7)
Calculation (X3z(lp+1-1p)+((1-X3)(Qp+1 -Qp)) equation (7)
Calculation (X4(lp+1-1p)+((1-X4)(Qp+1 -Qp)) equation (7)

\ 4

Print (S»-S;), equation (6)

Print (X1(lp+1-15)+((1-X1)(Qp+1 -Qp)) equation (7)
Print (Xa(lp+1-1p)+((1-X2)(Qo+1 -Qb)) equation (7)
Print (Xa(lp+1-1p)+((1-X3)(Qo+1 -Qb)) equation (7)
Print (Xa(lp+1-10)+((1-X4)(Qo+1 -Qb)) equation (7)

N
0 b >=N

Yes

(Mat Lab) 4ad aladialy AN 48, jally (aldd) el jall (bl il (15) JS&)

O Observed

3000.00 -

2000.00 -

1000.00

1) + (1-X) (Q2-Q1)

' -1000.00

X(1,

-2000.00 -

O Observed

X = 02 o —linear

—Linear

2000.00

o
3
3

R
X(lo-13) F'(1-X) (Q2-Q1)

-2000.00 -

-4000.00 =
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_ QO Observed  4000.00 4 _ QO observed
X - 03 —linear Xz_ 035 —Linear

#7)3000.00 - R=0.748 S
(@4 o

T ' 3000.00

N
e e
> 2000.00 Q
>l< — 2000.00
ha) N
+ ° +
—~ g )
—'1000.007 T 1000.00 -]

' N

N —
= ~—
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(iLas¥) SPSS gall s guilli (23) Jeil
(A 43y jhall) Aalhaal) (X=0.3) $2-S1 4

Third Method, (Linear Muskingham), X=0.4,K=34.55

—e— S1=Slobserved
14100 - s S1eL
12100 - —=®— Qout flow observed
10100
g
@ 8100 -
%
£ 6100
(o4
4100
2100 A
100 T
A A SR ISR S S A A

Time Interval (hr)

((K=34.55) «(X=0.4) LY 48, hal) aladindy Sidald) Ciy palll aa 43 lially 7 A Ciy paill Jabada (24) JS&)
(AN el gall) 43ladl) algaiSuce

Third Method, (Linear Muskingham), X=0.2,K=3.68

—e— S1=Sl observed

14100 - as1mn
12100 - —=—Qout flow observed
10100 4
A
& 81001
[32}
£ 6100 4
(o3
4100
2100
100 T
DA L NN G I O R AR A G

Time Interval (hr)

((K=3.68) «(X=0.2) 4l 48, jhalf aladicdy Sidall Gy paill aa 4 jlally 7 A Ciy paill habda (25) JS&d)
(N gl jall) A3lail) algaiSia

Third Method, (Linear Muskingham), X=0.4,K=1114.2

—e— S1=Sl observed
12100 - —a— S1=11

—=®— Qout flow observed

10100 -

8100 -

6100 -

Q(m3/sec)

4100 A

2100 -

100 T
Q A ¥ A4 L O P H Lo P> D NN H D o>
L A S SN I A O

Time Interval (hr)
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«(K=1114.2) «(X=0.4) 41 45y ) pladiuly Ada) cy juall) o 4 Bally 7 ) Ly paill Bbada (26) JS)
(A1 galisall) Agladl) algaiCiua

Third Method, (Non Linear Muskingham), X=0.4,K=34.55, m=0.91

—— S1=Slobserved
700100 - S1=i1
600100 - —=&— Qout flow observed
500100 -
g
@ 400100 -
I52)
£ 300100
(o4
200100
100100 -
100 -
N v Q> © o <) v © o > D 9z © N >
L R O I S N L R S

Time Interval (hr)

((K=34.55) «(X=0.4) 4l 48, hal) aladindy Sidal) Ciy paill e 4 jlially 7 A Ciy paill Jabada (27) JS&)
(G gali_gall) AladM) algaiSia (M=0.91)

Third Method, (Non Linear Muskingham), X=0.4, K=8.56, m=1.17

—— S1=S1observed

160100 - —A— S1=11

140100 A —=&— Qout flow observed

120100 -

100100 -

80100 -

Q(m3/sec)

60100 -

40100 A

20100 -

100
> v o QO ™ ol 42
NI ) S A S

Time Interval (hr)

((K=8.56) «(X=0.4) 4l 48, half aladicdy Sadall Gy pail] aa 4 jlally z A Ciy paill habada (28) JS&d)
(AN gali_gall) AadB) algaiSia (M=1.17)
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Third Method, (Non Linear Muskingham),X=0.2,m=1.368,K=3.681

—e— S1=Sl observed
120100 - —A— S1=11
—B— Qout flow observed

100100 A

80100 -

60100 -

Q(m3/sec)

40100 A

20100 -

100 -

LS VN S N VR S AR S SR Y
NN A S R S S G IS S

Time Interval (hr)

((K=3.68) «(X=0.2) 4l 48, i) aladicdy Adal) Ciy pail) g 45 jlally z A Ciy paill habia (29) JS&d)
(ALY alill) b algaiSus (M=1.368)
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