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Parameter Decision of Muskingum Channel Routing Method Based on the
Linear System Assumption
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Abstract

This study proposes the method for determining the Muskingum channel routing model parameters based
on the assumption of linear system. The proposed method was applied to the Chungju dam basin for the
evaluation. Additionally, the rainfall-runoff was repeated for the Yeongchun-Chungju dam reach using
seven rainfall events observed. Summarizing the results is as follows. First, the concentration time and
storage coefficient of a channel reach formed by the subdivision can be expressed as the difference between
the concentration times and storage coefficients of upstream and downstream basins. The storage coefficients
of the channel reach estimated is equal to the storage coefficient of the Muskingum channel routing model
and the weight factor can be simply estimated using the ratio between the concentration time and storage
coefficient. Second, the weight factor of the Muskingum model is in inverse proportion to the Russel
coefficient, which is in between 0.4166 and 0.625 when considering the Russel coefficients generally applied.
Finally the application to the Yeongchun-Chungju dam reach showed that the proposed method is still valid
regardless of the limitations such as the uncertainty of the observed data.
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Fig. 1. Example of Subbasins

Table 1. Estimation of Celerity for Various Channel Shapes (Viessman et al., 1989)

Channel shape Manning equation Chezy equation
. 5 3
Wide rectangular 3 Ve 5 Ve
. 4 5
Triangular 3 Vave 7 Vave
. 11 7
Parabolic 9 Vive 3 Ve

#5464 #59% 20134F 5]

453



ek 5 gl 2,

o}, 71 i BB
A5 K9 1EAR 02 AReHe AL

7] e E 4 AR Atoll FEsoF el AR,
At > 2Kz ®] 18 vHEehs A4 A7) vEE sheatRt
Well A el 7,0 sigshz gholvt webs 7H1At o= o
2 Eq. (132238 A9k

r=T,/2K, (13)

F7VE, T.9F K Atolell A7 vl wAlZE A Hect
H, & Russel A a(K=aT)7} YASTHE 2+ ths
3} o] Ak

N ! (14)
r=—C— —
2K, 2(K/T.) 2a
1
bl
-~ 081
[}
k3
£
© 06
[
(=}
g
> 041
£
-
5
s 0.2
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Russel coefficient, o

Fig. 2. Relation between Russel Coefficient, a and
Muskingum Parameter, =

£ ou|git}, 712 Eq. (14)9l A|A1E Muskingum
FHRY] 7152AF 29} Russel AlF o 7H2] W]
B o2 Fg. 29 2t}

A3} 2 5E Russel A o= 052 2 3
ZHAA F& 891E 4 =4l ©]+= Muskingum =5
g o] 745012t 17t 0~12] HHE 2] wj&Fo|t) #
3=, Russel (1979)2 199 52 w2 Russel Al52
HAE ArE9 o™ Eq. (14)S ©]-831] Russel Al52]
Aol sidets 7l 29 WS Ay v
Table 2%} 2t}

Russel 322 ¢-2vhe} AFol A wo] AMg-5=
o 24 Russel AF o 0.8~12 HYE Yehjy Uur
How 100 A&He o dHA rhkJeong and
Yoon, 2007). ©]= Russelo] AJAI3F duba el F-Ho of
gk Russel Al5=2] WH9eF dXx|get. A= Table 29 47}
of mEH, ARkl FHANA THeIAt z = 04166~
0625 HS] WelA Z4dda dgded 5 Qo

® AT Ay AGow FFY 92 Agel
o FFY RYE G AR K, B £, 57
Afgow Psel glom, @4 §9 F fAuol
Vg 2 freoleh. daE fe] Faue dagoln,
SR AR ol AR FAPE FUE AHA v
RHEL. 1307 m)l A Bste] 343, 5742 mek A
Zow 52 ¥ JUFAN FIFoR FHAL 374
Fe] 2R F S BTG H9E BPYo] Fahd
om, WA el Hagel AWAHEL. 1557 m)el
A wastel dagoR KUt @49 A 1Folh
Rowi FA% Fowt onld Avt g e
M7t Q1gske A4 aAoie @ 4 k(Yoo and

% el

Table 2. Range of Russel Coefficient according to Characteristics of Basin (Russel, 1979)

Characteristics of basin Russel coefficient, « Muskingum parameter, x
Generally 08~12 0.4166 ~ 0.625
Urban 1.1 ~21 0.238 ~0.455
Natural 15~28 0.179 ~0.333
Mountain 8 ~12 0.0417 ~ 0.0625
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Table 3. Characteristics of Subbasins and Storm Events Considered in This Study

Characteristics of basin # of rainfall )
Basin / Gauge station Area Length Shape gauging Crvzibton @if | & of storr.n
(o) o) Slope factor station data event applied
Jeongseon2 | 1688.1 | 1035 | 0.00505 | 0.158 14 2009-2009 6
Upper Yeongwol | 24404 | 1865 | 000337 | 0.070 18 2003-2009 4
Sourtiielr{an Yeongweol2 | 22834 | 1815 | 000352 | 0.069 18 1994-2009 3
basin Songcheon 3495 62.8 | 0.00890 | 0.089 4 2007-2009 3
Najeon 452.6 59.1 | 0.00814 | 0.130 3 2007-2009 5
Bangrim 527.2 51.9 | 000774 | 0.196 10 19832009 25
Sanganmi 393.3 442 | 000857 | 0.201 6 1983-2009 12
Baekokpo 1439 230 | 001428 | 0272 2 19832009 14
Jangpyeonggyo | 105.1 260 | 001521 | 0.155 2 1983-2009 10
Pyeong | Imokjeong 55.8 166 | 001604 | 0.202 2 1983-2009 7
ng;‘rg Pyeongchang | 695.7 748 | 000613 | 0.124 15 2006-2009
basin Panun 879.1 90.3 | 0.00491 | 0.108 16 1994-2009
Jucheon 533.2 710 | 000425 | 0.106 4 2002-2009
Yeongweoll | 1524.1 | 1257 | 0.00380 | 0.096 19 1994-2009 14
Anheung 187.0 31.8 | 000495 | 0.185 2 2006-2009
Sincheon 598.3 841 | 0.00409 | 0.085 4 2007-2009 :
Dam Yeongchun | 47750 | 189.1 | 000311 | 0.134 39 1994-2009 22
basin | Chungju dam | 64480 | 2822 | 0.00176 | 0.083 49 1996-2009 3
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Table 4. Storm Events Considered in This Study
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Fig. 5. Russel Coefficient of the Chungju Dam
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# of Storm events Storm event duration Rainfall duration (hr) Total rainfall (mm)
1 2000.09.13 ~ 2000.09.17 100 169.35
2 2002.08.05 ~ 2002.08.16 278 432.01
3 2003.09.12 ~ 2003.09.13 35 81.94
4 2004.06.19 ~ 2004.06.22 73 347.16
5 2004.07.11 ~2004.07.17 142 309.00
6 2005.07.01 ~2005.07.01 12 112.13
7 2006.07.10 ~ 2006.07.19 221 471.60
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Table 5. Basin Representative Concentration Time and Storage Coefficient Determined by Observation Data

and by Empirical Formulas in Chungju Dam Basin

Clzsgrmet Empirical formula
(Lee et al., 2012) &
Basin / Gauge station Lee et al. (2012) Russel
7. (hr) K (hr)
T. (hr) K (hr) K (hr)
Jeongseon2 115 14.7 12.74 13.46 12.57
Yeongwol 199 17.0 19.11 18.33 18.84
Upper south Yeongweol2 19.7 159 1864 17.98 18.38
Han river basin
Songcheon 8.3 11.3 8.54 9.92 8.42
Najeon 8.0 8.6 8.47 9.86 8.35
Bangrim 7.2 9.1 8.02 9.46 791
Sanganmi 7.3 7.0 7.20 8.71 7.10
Baekokpo 5.3 6.8 452 6.11 4.46
Jangpyeonggyo 4.9 6.4 474 6.34 4.67
Imokjeong 34 5.7 3.71 5.26 3.66
Pyeongchang Pyeongchang 9.9 142 10.27 11.42 10.13
river basin

Panun 13.0 13.6 11.97 12.83 11.80
Jucheon 9.0 13.6 10.98 12.02 10.83
Yeongweoll 18.0 15.1 15.14 15.35 14.93
Anheung 5.1 5.2 7.00 853 6.90
Sincheon 11.6 13.1 12.10 12.94 11.93
) Yeongchun 21.8 18.8 19.64 18.72 19.37

Dam basin -
Chungju dam 25.4 25.2 27.90 24.45 2751
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Table 6. Muskingum Parameters of Major Stream Section Estimated Using 7. and K on Table 5 in Chungju

Dam Basin
(Le(zb:f r;flitlgglz) Empirical Formula
Sz Segtion 7 o) | 22 (o) Lee et al. (2012) Russel
¢ ¢ ‘ T.(h) | K ()| & | K ()] 2
Imokjeong - Pyeongchang 6.5 85 0.38 6.56 6.16 0.53 6.47 0.51
Pyeongchang - Sincheon 1.7 -1.1 -0.77 1.83 1.52 0.60 1.80 0.51
Najeon - Yeongweol2 11.7 7.3 0.80 10.17 8.12 0.50 10.03 0.51
Sincheon - Yeongweoll 6.4 2.0 1.60 3.04 2.41 0.63 3.00 0.51
Yeongweoll - Yeongchun 3.8 3.7 0.51 4.50 3.37 0.67 4.44 0.51
Yeongweol2 - Yeongchun 2.1 29 0.36 1.00 0.74 0.69 0.99 0.51
Yeongchun - Chungju dam 3.6 6.4 0.28 8.26 5.73 0.72 8.14 0.51
Baekokpo — Bangrimgyo 1.9 2.3 0.41 3.50 3.35 0.52 3.45 0.51
Bangrim - Sincheon 4.4 4.0 0.55 4.08 3.48 0.59 4.02 0.51
Yeongwol - Yeongchun 1.9 1.8 0.53 0.53 0.39 0.69 0.53 0.51
o A2 grow AAEASS RIS = = 0.28% o] gk Mot tha 22 gholA|nk 2k st
Ul 2 Eq (173 22 AR AFds e o] z W91 0.179~0.333 ol ad3hs E1E = 2
HH#AE 18d3ted, 5 Russel AITE o]-&3ke] AHg3sh o} WA ol Y-S ke Tttel a2
T, K2 olg3dlo] 254 9 U & =77k %5 H v/PEFE R E Muskingum =7 = 2 S
A7V, AFAE 2 Muskingum 8HEF2] 2.8 9] 7}5<1=} Yol ot Clark &9 AR A7 o Fig. 6%
x & A e A3 Table 69 8~9ﬂ7‘lﬁ g7 2} 52 2k
gk Russel Al7F A 8H B2 {9 W & =71t ol TAZ & ATellA e 77 T5ARel did
téte] Muskingum sHeF2 9] 7H12t 2= 05 =4 Aas A U5 Fig. 79 2t Fig. 7614
2 Z24d. T ATA o o] AA FETEFAE A=
F7} Table 60l AAE Z3ls T @A 025 H 24 Frgo] 7t SpAbE i 3= vEhd lvk WA Jr
B T, K= o83 49, 22 shE77tel il Muskingum Sl A= TR (Fig. 7, left)> ol tigk Clark &
stieFA e 7 7F INZHRY 2] A E = RS g A8 Ay, = el tigt S Aoy, 7P
A Qi) =& 04?%1] A ddels A AEe B tl 2#(Fig. 7, middle) Muskingum sHeF=2 53 9]
T AR ROl B R HFAe] AR E T ZrobA]= A FAEFN G AR frgelrh el tigk S
ojuait}. okal ARt uhel o] HFTAES A B Aot Muskmgum SIEFAS gk A9E § e
o] ol WH 717 9] HAaARS on|stag { shH, o ool tigk =2 7 (Fig. 7, right) & AP
SARro] AT 2o ARtR oA A FEF It ol FEAYE ST FUF HS5AE(Fe.
o] &l vkE vhdH = AAH ‘%E}‘Jrﬂl Hck whebA 7, right®] 3£4]) ¢} vl gro 2 343 w7 2
HFAe] AR 2 AHE = A fole ARt AS HES & 5 vk o]l wddke] I Aol A Be]
= INFre g 7HAste] ARgsheE Ao EE} st g S ol gk FrEFEAAY AFARE 3 AT
53 olx_&zol sizTzio] jst As fFrEdgs #5AES} vjuskd v Table 79 2t

PEA =] 27 o}oq AAS T, K, 3 25 e
hr, 6.4 hr 2 028% YERATE Table
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Fig. 6. Runoff Model Considered in This Study
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Table 7. Comparison Results on the Peak Time and Peak Flow

# of Peak time, 7" (hr) Peak discharge, @ (m®/sec)
Storm Observed data This Difference | Observed This study Difference
events | yeongchun [Chungju dam| A7 | study AT data AQ/ Q=100
1 51 53 2 4 +1 5635.1 4909.1 -12.88
2 62 60 -2 62 +2 20437.0 17892.4 -12.45
3 34 35 1 37 +2 9972.0 8574.3 -14.02
4 55 54 -1 56 +2 10569.1 11926.6 +12.84
5 138 132 -6 138 +6 5694.2 6493.0 +14.03
6 14 14 0 14 0 5806.7 7437.4 +28.08
7 155 152 -3 158 +6 22650.0 19947.8 -11.93
6.4 = FFE5AS F7H o= aesho s HA oo tig &
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