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Development of Finite Element Model for

Storm Runoff from Small Watersheds

= B S A :
Choi, Jin Kyu - Park, Seung Woo

Summary

The objectives of this study are to develop a deterministic, distributed, and event - oriented

hydrologic. watershed model and to test the applicabilities of the model to small watersheds.
The resulting model SRAFEM, Storm Runoff Analysis by Finite Element Method, is capable

of simulating storm runoff from small watersheds using two - dimensional overland flow and

one - dimensional channel flow components by-kinematic approximations and finite element

method.

Two small watersheds were selected and the applicability of the model was tested. The

test results showed that the mean simulation errors for runoff volume and peak flow were
13.9% and 19.1% for Yeonwha watershed. They were 42.8% and 8.0% for Banweol watershed,

respectively.
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Fig. 1. Flow chart for SRAFEM Model. Q=7.03(H— 26.589)° 0.86 14.66
Table - 1. Characteristics of two watersheds.
Watershed Watershed Stream Shape Mean siope Maximum Relief
name area(ha) length(km) factor of stream relief(m) ratio
Yeonwha 278.8 2.58 0.419 0.011 94.1 0.043
Banweol 270.0 3.83 0.190 0.014 81.4 0.021
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Table - 3. Comparison of expected and calib-
rated ASMC for Yeonwha water-
shed.

Rain- Expected Calibrated

Storm fall
event (mm) ASMC(%) RMS ASMC(%) RMS

5 3/88 107 25 1.0955 23 0.3405
5/ 7/88 392 30 74060 25 26120
7/26/88 262 92 2.1235 90 1.6324
9/ 2/88 109 9% 09652 90 0.4684
9/10/88 242 30 42454 25 1.2022

Table - 5. Holtan’s a and Manning’s n used for
Banweol watershed.

C().Efﬁ_ Paddy Upland Regl— Woods
cient dential

Holtan's a  0.80~0.95 060~085 040~0.65 0.80~0.95
Manning’s n 0.10~013 0.09~012 007~011 017~021

Table - 6. Characteristics of HRU for Banweol

watershed.
HRU Land  FAW FGW F. dSOitlh
No. use (cm/cm) (cm/cm) (cm/hr) (i&)

1 Paddy 0213 0166 0391 11.05
2 Upland 0213 0166 0391 11.05
3 Residential 0213 0166 0391 11.05
4  Woods 0213 0166 0391 11.05
5 Paddy 0210 0165 0371 1113
6 Upland 0210 0165 0371 1113
7 Woods 0210 0165 0371 11.13
8 Paddy 0216 0164 0384 1110
9  Upland 0216 0164 0384 11.10

10 Residential 0216 0164 0384 11.10

11  Woods 0216 0164 038 11.10
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Table - 4. Calibrated ASMC for Banweol watershed.

Storm event 7/11 7/16 7/18 7/24 7/26 8/11 8/13 8/20
Rainfall(mm) 438 43.2 253 241 13.8 69.5 279 225
ASMC(%) 50 52 98 77 97 50 96 60
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Fig. 2. Observed and simulated hydrographs
of Yeonha watershed(4/14/89).
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Fig. 3. Observed and simulated hydrographs
of Yeonha watershed(5/11/89).
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Fig. 4. Observed and simulated hydrographs
of Yeonha watershed(6/4/89).
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Fig. 5. Observed and simulated hydrographs

of Yeonha watershed(6/14/89).
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Fig. 6. Observed and simulated hydrographs

of Yeonha watershed(7/8/89).
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Table - 7. Simulation results of Yeonwha watershed(1989).

Storm  Rainfall Runoff volume(m?)

Peak flow(m%/sec) Peak time ASMC

event (mm) Obs. Sim.  Error(%)* Obs.

Sim. Error(%)* Obs. Sim. (%)

4/14/89 103 7,255 7,868 89
5/11/89 143 11,846 11,792 0.0
6/ 4/89 254 16885 23416 38.7
6/14/89 331 45104 39,335 12.8
7/ 8/89 478 48,114 49,392 2.7
7/15/89 331 64,312 51,184 204

0.709
0.729
2.157
6.430
5.532
4.961

0.635 104 18:0018:15 32
0.848 163 06.0006:45 47
2.559 186 01:3001:30 33
5.588 131 11:°3011:15 84
4.564 175 17:0017:15 77

*Relative error

A A" vhE, 69 4YS 158 WA
BELEAT. ojgRe BHEE dHNA BE
o] AMAT HEFRE T HAEr SAsA
WIEHA ¥e Adetn Fagch

3 79 159 9] Mo ol iRt SRE
H Krsmel MeEe vsdgn B $ 9l
o FIAEY LEFKEAN 42 204% 2
388% ¢ 2 #E Wolu ) LHERRINA 138F
miol B2 #EEVF 2AAT. - HwEEY
wEY Hfpezuld BRIy B ARl
XY FEY HRCET Eme B 5
9 zol7h AV WEQL Aoz Azt

Lb, 4R

B ookl F AR BFAEHE A
shod gHEE4 ¥ AdE Fig, 8914 Fig. 157HA)
BRE uel 2o Table-8& o2 Edly
B Aot

Table - 89] &EF A KERES 7€ 1Y,
84 11¢ ¥ 8¢ 13U°lA 72 118%, 121%
2 221%9 #EEE Jebd B9E AYstae
U7} 04% ~88% 24 F& HERE JE
o, 2 HMETSE 04%~221%=2
HEH) Eeldol kil HWrhdoh. LERsH Ol
A= 89 2090 9 A$-7F G gukd, 8Y 1199
89 1399 At 27 238 ¥ 584 wgy,
79 169, 79 189 ¥ 7€ 24Y9] HfolE 10
HollA g0E7HA A EHERBEEHAS, ole
Mg A7 LHRES At de KE

Runoff (m?/sec)

Fig

Runoff (m%/sec)

Fig

3.036 388 20:3007:30 95

Ulr - °
Observed 110
‘ O--O Simulated

Rainfall intensity (mm/hr)

Time (minutes)

. 8. Observed and simulated hydrographs
of Banweol watershed(7/11/86).
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of Banweol watershed(7/16/86).
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Fig. 11. Observed and simulated hydrogra- Fig. 13. Observed and simulated hydrogra-
phs of Banweol watershed(7/24/86). phs of Banweol watershed(8/11/86).
Table - 8. Simulation results of Banweol watershed(1986).
Storm Runoff volume(m®) Peak- flow(m*/sec) Peak time(min)
event Obs. Sim. Error(%) Obs. Sim. Error( %) Obs. Sim.
7/11/86 8.888 6.296 292 0.3310 0.3371 11.8 950 960
7/16/86 20.870 8.397 59.8 0.5284 0.5212 1.3 430 420
7/18/86 23.645 11“655 50.7 0.3790 0.3805 04 455 510
7/24/86 18.000 10.486 417 0.5677 0.6174 8.8 289 330
7/26/86 8.122 6.436 20.8 0.3506 0.3675 4.8 345 360
8/11/86 52.682 21.046 60.1 1.5564 1.6454 12.1 383 360
8/13/86 45.106 31.238 30.7 1.7754 2.1677 22.1 935 930
8/20/86 26.520 13.369 496 0.9980 1.0282 3.0 120 120

*Relative error
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Fig. 14. Observed and simulated hydrogra-

phs of Banweol watershed(8/13/86).
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