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Analysis of Runoff Characteristic Using Rainfall-Runoff Model
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Department of Agricultural & Rural Engineering, Chungbuk National University, 52 Naesudong-ro,
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Abstract

Due to the recent unusual changes in weather, extreme floods and droughts are becoming
more frequent. Moreover, with the advancements in the social economy and the resulting
increase in river and environmental water demand, the utilization conditions of water resources
are worsening. In these inadequate circumstances, the runoff-model, which is used for more
appropriate water management, takes on different forms according to the different objectives of
a low flow season versus a high flow season. Thus, this study analyzes the river basin
characteristics of the Geum River basin, divides it into standard unit watershed, selects
precipitation observatories, and calculates the Thiessen coefficient and the daily mean rainfall
per standard unit watershed. Moreover, for water management during the low flow season, the
continuous rainfall-runoff model, the SSARR model, is used. Furthermore, through the use of
the model’s sensitivity analysis, parameter calibration, and parameter verification, the runoff
characteristics of Yongdam Dam, Daecheong Dam, and Gongju water level station are
analyzed.
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<8 1> Basin map of Geum river watershed
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<8 2> Locational business map of Geum river
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<& 3> Basin map of standard unit watershed distribution in Geum river watershed
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Selected watershed

-Target basin saparate by standard unit watershed
-Monthly and hourly precipitation data collection

)

Initial parameter selection & Water balance analysis

- Hourly precipitation data input
-SMI, BIL etc parameter input
-Implement water balance analysis

h 4

Senaitivity Analysis

-Main Parameter Modification

{

Main parameters calibration

- SMI-ROP, BII-BFP, S-SS, Ts, PBLZ

h 4

Parameters verification

- Parameters apply to other periods

Y

Parameters application & Runoff Characteristics Analysis

- SMI-ROP, BII-BFP, S-SS, Ts, PBLZ etc parameter apply

-Selected watershed runoff characteristics analysis

<J¥ 4> Flow chart
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<8 5> Before calibration runoff curve
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<X 1> Calibration before the results of the model

, . Before Calibrations total discharge(106m') Relative error
Period Point : : 2
Observation Simulation (%)
Youngdam 147.5 132.7 10.0
2007;10'01 Daecheong 570.8 454.5 20.4
9008.06.30 Gongju 1,755.8 1,365.6 22.2
o Average 17.5
2. JIAE E4

<X 2> Base values for the sensitivity analysis of the parameters

MI SMi(cm) 0 1 2 3 4 5 10 999
ROP(%) 8 19 43 68 85 93 100 100
Bll(cm/day) 0.0 1.0 1.5 2.0 2.5 3.0 5.0 100.0
Bl BFP(%) 45 16 14 13 12 11 10 10
BIITS: 40 hr, BIIMX: 3cm/day, BFUIM: 0.13cm/hr
5SS input rate(cm/hr) 0.0 0.5 1.0 1.5 2.0 25 3.0
sf. comp.(cm/hr) 0.00 0.15 0.57 1.07 1.57 2.07 2.57
PBLZ 50%
Ts(hr) surface:3, subsurface:10, baseflow:100, lower zone:1,000
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<X 3> Results of the sensitivity analysis

Low water discharge(m®/sec) Sensitivity
Parameter Range 1997 1998 1997 1998
SMIT 23.0 14.7
SMI SMI2 23.9 15.2 0.31 0.25
SMI3 24.3 15.3
BIl1 22.5 13.1
Bl BlI2 23.9 15.2 0.26 0.59
BII3 25.2 171
S-SS1 23.8 14.0
S-SS S-SS2 23.9 15.2 0.05 1.41
S-SS3 23.9 16.4
30 hr 24.4 15.0
BIITS 40 hr 23.9 15.2 0.08 0.04
50 hr 23.5 15.3
1 cm/day 26.1 16.3
BIIMX 3 cm/day 23.9 15.2 0.10 0.08
5 cm/day 23.4 15.1
0.08 cm/day 20.5 14.6
BFLIM 0.13 cm/day 23.9 15.2 0.29 0.04
0.18 cm/day 27.0 15.2
25 % 26.7 15.9
PBLZ 50 % 23.9 15.2 0.24 0.09
75 % 21.0 14.5
Ts 2 hr 23.5 14.6
(surface) 3 hr 23.9 15.2 0.04 0.13
4 hr 24.2 15.9
Ts 8 hr 23.6 15.2
(subsurface) 10 hr 23.9 15.2 0.05 0.00
12 hr 241 15.2
Ts 50 hr 18.4 15.8
(baseflow) 100 hr 23.9 15.2 0.33 0.06
150 hr 23.8 15.4
Ts 500 hr 26.6 15.0
(lower zone) 1,000 hr 23.9 15.2 0.19 0.04
1,500 hr 22.1 14.8

URE S A Ay ASA] kst wiZfESEE SMI, BIL S-SS(Surface-Subsurface
Separation), PBLZ(Percentage of total Baseflow going to the LZ routing), %8 TsZ UElt o,
1 9je] wihirE VIER e agstlnh HEAR] wiviEe] ghs ARk g BAgeR B
ATl e HUAE 7o R e, AfHeE Sl AAE mET e <E Ho~<E
7> JERATE % PBLZE 75%= 8Halal, Akt 391 A18e] Tsv 242t 150hre} 1,500hr =
A8k
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<E 4> After calibration relationship of the SMI-ROP

ROP(%) ROP(%) ROP(%) ROP(%) ROP(%)
SMI 300101-1 SMI SMI 300301 SMI 300401 SMI 3005011
(cm) ~ (cm) 300201 (cm) ~ (cm) ~ (cm) ~
300108 300303-2 300406 300503
0 1.7 0 21.2 0 32.0 0 58.6 0 50.1
1 38.8 1 35.8 1 43.0 1 65.2 1 62.6
2 49.5 2 41.3 2 58.0 2 78.7 2 7.3
3 72.6 3 75.4 3 95.0 3 95.9 3 81.9
999 100.0 4 83.9 10 100.0 10 100.0 10 100.0
5 914 999 100.0 999 100.0 999 100.0
10 100.0
999 100.0
ROP(%) ROP(%) ROP(%) ROP(%) ROP(%)
SMI 3006011 SMI 3007011~ SMI 300801 SMI SMI 300901
(cm) = (cm) 300706 (cm) ~ (cm) 300805 (cm) ~
300601-2 300804 300906
0 42.2 0 48.3 0 415 0 95.0 0 87.2
1 48.3 1 68.7 1 58.6 999 100.0 1 91.8
2 69.7 2 81.5 2 71.6 2 93.6
3 83.8 3 95.4 3 83.6 3 9.6
4 91.8 4 100.0 999 100.0 98.7
5 95.5 999 100.0 999 100.0
10 100.0
999 100.0
ROP(%) ROP(%) ROP(%) ROP(%) ROP(%)
SMI 301001 SMI 301101 SMI 301201 SMI 301301 SMI 301401-1
(cm) =~ (cm) =~ (cm) =~ (cm) = (cm) ~
301002 301115-2 301214 301305 301403-2
0 89.8 0 89.6 0 89.3 0 7.0 0 3.0
1 90.5 1 90.5 1 9.1 1 18.0 1 8.0
2 91.8 2 91.5 2 98.6 2 41.0 2 27.6
3 98.9 3 98.4 3 99.8 3 65.0 3 61.8
999 100.0 999 100.0 10 100.0 4 83.0 4 81.2
999 100.0 5 91.0 10 100.0
10 100.0 999 100.0
999 100.0
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<X 5> After calibration relationship of the BII-BFP
BFP (%)
Bll 300101-1 300301 300401 300501-1 300601-1 300701-1
(cm/day) = 300201 = = = = ~
300108 300303-2 300406 300503 300601-2 300706
0.0 35 46 75 50 50 46 46
1.0 17 17 40 35 35 17 17
1.5 15 15 15 15 15 15 15
2.0 13 13 13 13 13 13 13
2.5 12 12 12 12 12 12 12
3.0 11 11 " " 11 11 11
5.0 10 10 10 10 10 10 10
100.0 10 10 10 10 10 10 10
BFP (%)
Bl 300801 300901 301001 301101 301201 301301 3014011~
(cm/day) = 300805 = = = = = 301403-2
300804 300906 301002 301115-2 301214 301305
0.0 70 45 46 46 46 46 46 46
1.0 50 16 17 17 17 17 17 17
1.5 35 14 15 15 15 15 15 15
2.0 23 13 13 13 13 13 13 13
2.5 12 12 12 12 12 12 12 12
3.0 11 11 11 11 11 11 11 11
5.0 10 10 10 10 10 10 10 10
100.0 10 10 10 10 10 10 10 10

<H# 6> After calibration relationship of the S—-SS

Input Rate (cm/hr)

Surface runoff (cm/hr)

0.0 0.00
0.5 0.05
1.0 0.39
1.5 0.89
2.0 1.39
2.5 1.89
3.0 2.39
<E 7> Detention storage time per discharge
Discharge (m'/s) Ts (hr)
0 10
100 8
150 7
200 6
400 5
1000 4
4000 3
10000 2
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<X 8 Calibration after the results of the model
Before Calibrations Relative After Calibrations Relative
Period Point total discharge(108m*) error total discharge(108m") error
Observation Simulation (%) Observation Simulation (%)
2007. Youngdam 147.5 132.7 10.0 147.5 151.8 2.9
10.01 Daecheong 570.8 454.5 204 570.8 597.0 4.6
~ Gongju 1,755.8 1,365.6 22.2 1,755.8 1,775.8 1.1
2008.
06.30 Average 17.5 29
3. Yol HE
WA o] welgEe Abgol ALgE SSARR Rl wlass Algste] 208d 109 195
20009 69 30U7HA] wAAll AEstel RE ] AFE HAAISATE ol g Ad= <I¥ 7>

<8 7> Verification of the model results
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<X 9> Verification of the model results
. . Before Calibrations total discharge(10°m) Relative error
Period Point : : :
Observation Simulation (%)
Youngdam 97.6 89.3 85
2008.10.01 Dascheong 3473 345.8 0.4
2009.06.30 Gongju 991.7 888.5 10.4
Average 6.4
4. RESH B4
FEEH F 39 FEES dHel WY B9l sk S s2E FozN, B ol
e 4717121 20079 109 195 20089 62 30471A19F 2003 109 1€+ 2009 69 30
7hA] e b8l SSARR E&el &3k K9] FEEY #5 FEES vl A5
B ool SR, AR, 3FAM) fEES A 98 fdwuds wAge W BRge
Aelaka EAskec
<3 10> FA7I] e Beojo) IS FEES YERA Flolth
<¥ 10> Runoff rate under different locations according to analysis period
. . Area Precipitation Runoff rate(%)
Pl Pl (km?) (mm) Observation Simulation
2007.10.01 Youngdam 930 524.6 30.22 31.10
~ Daecheong 3,260 343.5 32.99 35.33
2008.06.30 Gongju 3,024 444 8 64.99 66.47
2008.10.01 Youngdam 930 468.1 22.41 20.51
~ Daecheong 3,260 340.0 19.72 19.59
2009.06.30 Gongju 3,024 395.6 47.00 38.38
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