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Flood Routing on the River by Revised
Muskingum-Cunge Method

Chong Jin Hong
Summary

The predictien of a design flood hydrograph at a particular site on a river may be
based on the derivation of a discharge or stage hydrograph at an upstream section,
together with a method to route this hydrograph along the rest of the river.

In order to limit this investigation to cases where the assumption like uniform rain-
fall may be reasonably valid, the derivation of unit hydrographs has been limited to
catchment with an area less than 500 km2. Consequently, flood routing methods provide
a useful tool for the analysis of flooding in all but the smaller catchment, particularly
where the shape of the hydrograph as well as the peak value is required. The author,
therefore, will introduce here a flood routing method on the open channel with a peak
discharge of the catchment area concerned. The importance of being able to route floods
accurately is also reflected in the large number of flood routing method which have
been developed since the year 1900.

Goodrich method, Ekdahl

method, Tatum’s mean continuously Equation, wisler-Brater method, Muskingum, cheng,

There are the modified puls method, Steinberg method,

and Muskingum-cunge (M-C) method and so on.

The author will try to introduce a flood routing methed which is revised Muskingum-
cunge method. In calculating flood routing by the M-C method, whole variable paramet-ers
on the river were assumed to almost uniform values from the upstream to the downstream.

In the results, the controlled flood rates at the 40km downstream on the river is
appeared to decrease 22m3/sec or 12 percent of the peak flood 170ms3/sec.
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ViI. Computer program

Muskingum-Cunge ¥e/GaES 44 HES 4
9l = & Computer program-3- [fEEfje = #BA34
el v S EFIEA Soh. = program liste}
st Data®: b8 zc},

Muskingum-Cunge method

A. Prepare card data

The program listed below reads the data in
the following order. Eight cards containing the
heading for the output from the program. Cards
containing 11 integers (free I~forniat):

X
LEND the number of time steps

the number of space nodes

IQH  the number of data points for the upstre-
am hydrograph

JQDNS  the number of data points for the dowe
nstream hydrograph

ITR1 the number of data points for the hydr-
ograph from the first tributary

ITR2 the number of data points for the hydr-
ograph from the second tributary

JT1 the space node for the confluence of the
first tributary with the main channel

JT2 the space node for the confluence of the
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second tributary with the main channel TSQIN timescale for the variable part of the
J1 the discharges along the reach are lateral inflow
written at J1 intervals apart WSP value of L/T,
L1 the discharges along the reach are AP value of a
written when the number of times QCON value of @,
steps is_equal to a multiple of L1 TDEVN time after which the error parameters
L2 only the downstream discharge is are calculated.
writtenwhen the number of time steps Notes
is equal to a multiple of L2 i If there is ' no downstream hydrograph IQDNS
Cards containing 12 real numbers (free E-form- =0 and TDEVN is set to a value greater than
at): the real time for routing the flood. Similarlyl
DXLR length of reach ITR1, ITR2, JT1 and JT2 should be set equa-
DT time step to zero if there are no tributaries.
DTQHYDRO time interval between successive ii The computer version above of the Muskin,
data points for each specified hydrograph gum-Cunge method can also be used in a desk
QINIT initial discharge along the reach calculation if JX is not too large.
QINB base flow for the lateral inflow The computer program below is written in
QINA amplitude of the variable part of the FORTRAN 1IV. The program can be extended
lateral inflow to deal with and number of different reaches
TQIN time when the peak lateral inflow in the same river.
occue rs

B. Computer program list

DR -~ AARAY FQ2 Tuu
az - ARRAY FOR THZ
SPACE INCREMINT,
LENGIY OF THT HFACH,

NUMBER OF S$PACE GRID PDINTS, :

ARRAY FOR THA UISTANGFS OF YHE GRID POINTS ALDUG THE CHANNEL,
TIME TNCREAFST,

TIME 1N SELO:DPS,

TIME 1N HOURS,

NUMRAZ W OF YU{YE STFPS,

ARRAY WHICIH STURFS DATA FOR THE NEADING AF THE O''TPUT
ND L2 REFER T ) WHEN AND HOW THE RESULTS A2F WRITTEN,

ISCHARGE alLOMNG THE REACK AT THF “eW TIuME LEVEL,
SCHARGE ALONG THZ RE&CH AT THE Nib TIME LEVEL,

OO0 anannat
>

wshp - WAVE SPEFO.
Ap - ATTENUATLION PARAMETER,
WON ~ DISCRARGE CoNSTANT,

C1s €2+ C3 AND Ch ARF PARAMETERS TN THE MUSKINGUM METHOD.

DTAARYDRO TIM: INTERVAL IN HOURS BETWEEN THE nNATA POINTS FCR TWE ITNPUYT ANp
OTMER DISCHAARGE HYDROGRAPHS,

QUYNRD « ARRAY WHMICH STORES THE DATA FOR THE RECOKDED DISCHARGE HYDROGRAPK
AT THE UPSTOEAM SECTINN,

taw “ NUMACLR OF DATA PNIKTS FAR THWE UPSTREAM HYDRNGRAPH,

WrR13] - ARRAY WHICH STORES TWE DATA FOR THE RECORDED NISCHARGE HYDROGRAPH
AT THE FIRST TRIAUTARY. ’

TR ~ NUMBER OF DATA POINTS FOR THE MYDROGRAPH AT T#HF FIRST TRIBUTARY,

JT - POSITION OF THE INPUT DISCHARGE FROM THE FIRST TRIBUTARY,

QTRIA2 = ARRAY WHICH GTORES THE DATA FOR THE RECORDED HIGCKARGE MYDROGRAPA
AT THE SECOND TRIRUTARY,

1TR2 = NUMRER OF DATA POINTS FOR TME HYDROGRAPH AT THE SECONND TRIBUTARY,
Jr2 - PUSITIUN OF THE INPUT UISCHMARGE FROM Ti SECOND TRIBUTARY,

WINIT = INITIAL DISCHARGE FOR THE FLOW THROUGHUUT THE REACH,

QINg -~ BASE VALUE F0R THE LATERAL INFLOW,

WINA - AMPLITUDE UFf TYHE FUNCTION FOR THE LATERAL INFLOW,

TQIN - TIME UKEN THE LATERAL INFLOW TAKES ITS MAXIMUM VALUE,

TSCQIN = TIME SCALE FoR THE LATERAL INFLOW FUNCTION,

anNs = ARRAY WHICH 3TORES T4F DATA FOR THE RECORDED OISCHARGE HMYDROGRAPH
AT THF DNWNSTREAN END OF THE REACH,

1GONS = NUMBER OF DATA POINTS FOR TKE DOUNSTREAM HYDROGRAPH,

P N R L L L e R Ra R R a NN S R e

TPEVN = TIME TN HOURS WHEN THE CALCULATIONS 0OF THE ERROR pARAMETERS ARE
EGUN,

TOTD1S - :VEiAGE RECORDED CISCHARGE AFTER THE TIME TDEVN,

TNTH -~ AVERAGE PREDICTED DISCHARGE AFTER TME TIME THAEVN,

DISNIE = DIFFFRENCE GrYWEEN YHF AVFERAGE RECORDED AND PREDICTED DISCHARGES
AS A PERCENTAGE 0F TYHE RECORDED DISCTHARGES.

DEVA = ULTIMATELY RFCOPDS THE STANDARD DEVIATION OF THE PREDICTED
DISCHARGE AS A PERCENTAGE OF THE AVERAGE RECORDEN DISCHARGE,

P s RaRaRaRataXal

Coetsonbesitnsnedutsatoadteadtsnattae®esettoattiadvtsdhibgqidginttioancpevane
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< MASTER FLOODSY

MEAL Q1(¢50).02(50),x(5n)

CUMMON DX, DT, X, DXLR,LENP.TH, J1, LY, (2, TITLE(40Y,
UT1,JT2,9TRIBI(200),QTRIB2(200),QHYDROC200),0TGHYDRN,
2QINIT,QINB, QINA, TUIN.TSCQIN, AP, WSP,QCON,

o QDNS (200) , TDEVN

T FIRST READ IN TWHE APPRDPRYIATE DATA AND WRITE IT OUYT FOR EaSY REFERENCE,
CALL DATIN

£ NEXT CALCULATE VARIOUS CONSTANTS AND PARAMETERS FOR USE BF)OW.

OXsOXLR/FLOAT(IX=1)

DXaDX/WSP

EPSILON=D, 50(V,0-QCON«AP*2,0/(DX+Ww3P*DXLR))
CCaDKe (1, 0-EPSILONYenT#D, S
Cla(DKeEPSILANGDYO 5y/CF
C22(DTe0,5=DKeEBPSTLONY/CC Ty
C3=(DKe () U=EPSILONY=DT»],5)/C v
Céapredx/cC i )
JAM s X~

120,09

THE FOLLOWING VARIARLES ARfE ONLY USED WKEN A RECORNDED DOWNSTREAM
HYDRCGRAPH IS AVAILABLE FOR COMPARISON, ALL SUCCEEDINA
STATEMENTS QEGINNING IN €COLUMN 13 REFER YO THIS CASE ONLY, AND
SHOULD NOT BE INCLUDED NTHERWISE,

o AAO

DEVNED O
v0vb1S 0,0
Totps) U
QpraQINIT
GP2sqQIniY
QDNP2agQINIY
aonPlaglInNgT
JCOUNTD
1COUNTRY

L DEFINE X AND THE INITIAL VALUES UF Q1 awnd Q2

DO 2 ym1,dX
K(y)sDXeFOAT()~1)
QULJ)y QEIIEAINLTY
2 CONTINUE

€ BEGIN YWE MAIN YIME LOOP

DO 14 Led,LEND
Tat+D? ¢
THRT/3609, 0

qp2aqp1

Qriegi(dx)

QDNP2=QDNPT

QDNPYRQUN

GONSFF(QDNS, TH,DTQHYDRO)

L UPDATE THE VALUES FOR THE DISCHARGE
60 4 J®1,JX
Q2¢y)ymar ()
4 CONTINUVE

€ FIND THE VALUE 0F Q1(1) FROM THE INPUY WYDROGRAPN AND &0D 1He
€ CONTRIBUTION FROM TME TRIBUTARY, IF ANY

Q71QT=0,0
1F(JTY,EQ, 1) QTOTERF(QTRIBY, TH,DYQKYDRD)
Q1(1)wFF(OMYDRO, TN, DTQRYDROI+QTOT
T TME MAIN CALCULATIONS FOR N4 ARF PERFPORMED IN THWE FOLLOWING LOOP

DO 6 J*2,0X
L QTAT REFERS TO THE INFLOW DISCHARGE PRON TRIBUTARIES AND LATERA|

L RUNOFF UNDER SNOW-MELT CONDITIONS 37 MAY 8€ PREFERABLE T0 TAKE
e THE LATERAL INFLOW AS PROPORTIONAL TO THE DISCHARGE AT THE
4 UPSTREAM BOUNDARY

TR (TH~TQIN)/TSCQIN
ATOTSQINAEXP(=TXeTX)eQIND
}4 QYOT=Q1 (1ICCANST/DXLR
1F(J,EQ,JT1) QTOTAQTOT#FE(QTRIBI, TH,DTAHYRRO)/ DX
16CJ,EQ,JT2) QTOTEQTNTSFF(ATRIB2, TH,DTANYDRO)/ DX
Q1(J)RC1eR(I=1)4C20q1Cd=1)4CIOQ2¢J)4CheQINT
] CONTINUE

_ o 7 _
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C PERFORM VARIOUS SUMS ON THE ERROR SARAMETERS

TECTH LT TREVNY 60 TO A
DEVNGDEVN+(UT(JIX)=QGDN) e (QL(JX)=QDH)
1COUNTRICOUNT S

JEOUNTEJLOUNTSS

tRUJCOUNT NE, 2 60 19 @

TOTDaTOTD+2, Onbro(o1(Jx‘onv"oaa2>/! 0
TOTOIS=TOTNIS+2, 0udT*(ADNGDNPL4QAPHP2) /3,0
JCOUNTaO

€ NOW NWITE QUT THE RESULYS = IF IT I3 TiNE

8 TECL NE LYo (L/L1)) G 7O 42
WRITE(E, 301 (TH, Xg), a00d), 001, JXNY, 4
300 FORMATL(ZOX . $6,2,9X,#3.9,8X,57,2))
10 URITE(S,302) TH, XC(JX),@9¢JX),QADy
$6d FORMAT{(2UX . FO,2,9%,F8 1,208 F7,2)))
WRITECI, 203
103 FORMAT(IH ,/)
60 T 4
12 TRCLLEQ, L2201 L2Y) 60 10 10
14 CORTINUE

2" SINALLY, WORK QT THE ERTOR PARAMITERS

TOTDISaTOTDIS/CCTH=TDEVN)3800,0)
TOTOzTNTD/{(TH=-THEYN) +3800,0)

DiSDifmtl O~ TOTU/TETDIS) «100.0
DEVN®SQRT(DEVN/FLNAT{ICUUNTI ) 100, OIVOYD:;
WRITE(3,304) TOTD18,DISDLIF,DEVN

364 FORMAT (34K AVERAGE RECORDEN DIBCNARGE » ,57.2,
N 1 L] CUMECS/
2 56N DIFFERENCE BETWEEN RESCORDED AND PREDICTED iVlRAGE De
3 TINISCHMARGE = ,F§,2,%KX/
4 26M STANDARD DEVIATION w ,58,2,18%//)
$TOP
END

R At R R R R T R P P
SUBRCUTINE DATIN

C THIS SUBRQUTINL READS IN THE RELEVANT DATA, WRITES IT QUT f0R ZaSY
4 REFERENCE, AND PROVIDES A HEADING POR THE RESULTS

CUPMON DX D7 IR, DXLRILEND s THadT L1/ L 2, TITLEL60),

1TV T2, 0TRIRIC200),GTRIB2(200),0HYDROC20D) , BTQAY DR,
2AINIT,QINB,GINA, TQIN,TSCOLIN, AP, WSP,QCOK,
5 QDNS(200) ,TOEVN

READ(Y,100) (TITLE(I),141,60)
100 FURMAT(10AB/SAY)
READ(1,101) JX/LEND,JOH, TQONS/ TTRY,1TR2,4T1,372,0 L1002
161 FORMAY(1110)
AEAD(1,102) hXLR, DY, DTQHYDRO,QUINIT,QINB,QINA,TQIN,TSCAIN WSpP AP,
1QCCN
2 JTDEVN
102 FURMAT(13E0,0)

WRITE(3,300) (TITLE(L),1se1.60)
300 FORMAT(IN , (15AA))

c WRITE(3,301) JX,LEND,IQH,1QNNS, IVR1.ITﬂ2rJY1'JY? JreLtaL2

€300 FORMAY = FOR WRITE STATEMENT

C WRITE(D,302) OXLR,DT,DTARYORN/QINIT,QIHEB, QINA/TQIN, TSCQIN,WSP AP,
< 1a¢oN

C 2 s THEVN

€302 FORMAT = FNR WRITE STATEMENT

C READ IN THME DISCHARGE HYDRNGRAPHS

READ(2,200) (UHYDRO(D),1a1, 10K
TECITRY, NE, ) READ(D,200). CQTRIAYCE) , 101,1TaY
TFOITR2,NE, Y READ(2,200) (QTRIB2CIY, 1wy, 1TR2:
READ(Z,200) (QPHSCI) I=1,1Q0KRS)
204 FORMAT(41X,FQ,2)
WRITE(3,¥06) .
IN6  FURMAY (AN ,29K, 4HTIE 10X, BHNIGTANCE ,8X, YUNCALCIILATEN, 6x ,9HPAGTNTY

TPE/AN 20X, 5 CHRS) L 1AX, IN{M) , YN, QHDISCHARGE 4%, ONDISCHARGES)
RETURN
END

C vr o umr e ca et et on i 0P N g ti cutaoce? v st daaeteaettrortebtvoeNonntdobin
‘e ubsevrviciiw

FUNCYION FE(Q.T,nT)

€ THLS FUNCTION INTERPOLATES USING A CUBIC POLYKOMIAL
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REAL G(250)

LRINT(T/nTred
YFE(L LE, Y Led
FRiY /07 5Ll
Ae{gliyer)~ i,
BoiQiy~11=¢,
LoimaiLein

Lot {L)

sfultanFRlegisfnjed)ein
At Tusk
qe
FLINTSH
6) Thomas L.E. & Wormleaton P.R. (1671} Fin-
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