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A Study on the Simulation Techniques of Runoff Yield Variation
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The objectives of this study is to evaluate the total runoff yleld, peak flow and peak flow travel time de-
pending on the urbanization, return period and rainfall patterns at the downstream of Manchon urban
watershed in TaeGu City. SWMM(Storm Water Management Model) is used for runoff analysis based on 5
different steps of urbanization and 4 different types of Huff's quartile according to 8 return periods. It is
analyzed that the order of total runoff yield according to rainfall patterns is Huff's 4, Huff's 2. Huff's 3
and Huff's 1 quartile, that of peak flow magnitude is Huff's 2, Huff's 1, Huff's 4 and Huff's 3 quartile at
present development ratio. under the 60, 70, 80 and 90% of urbanization to the 50% of urbanization by
means of the rainfall patterns, the mean increasing ratio of total runoff yield for each case is 4.55, 11.43,
16.07 and 20.02%, that of peak flow is 5.82, 13.61, 17.15 and 18.83%, the mean decreasing ratio of
peak flow travel time is 0.00, 2.44, 5.07, and 6.26%, the mean increasing ratio of runoff depth is 4.51,
11.42, 16.02 and 20.05%, respectively. the mean increasing ratio of total runoff yield by means of each
return period & Huff's 3 quartile is 4.86, 12.11, 17.14 and 21.56%, that of peak flow is 5.89, 13.97, 17.82
and 19.71%.

Therefore, as the result of this study, it can be used for principal data as to storm sewage treatment
and flood damage protection planning in urban small watershed.

Key words : runoff yield, SWMM, return period, urbanization ratio, Huff's quartile, peak flow design
storm, rainfall pattern, peak travel time.
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Table 1. Design storm for frequency analysis with each distribution type (2hr duration) (Unit : mm)

" N p T T T
Wpe SLA | GUC | IWA | LN2 ' LN3 | PT3 TIE | LP3
Return Period(year _ ‘

2.33 405 42 4 396 40.3 40.6 39 4 431 | 39.4 |

5 52.9 52.8 52.6 53.0 53.3 52.5 55.7 523
10 61.0 61.2 61.9 61.4 61.4 61.5 65.9 61.8
20 68.6 69.3 711 69.2 68.9 70.2 757 71.4
30 73.9 74.2 772 737 73.2 752 81.3 77.3
50 78.3 79 8 83.5 79.3 78 4 81.4 88.3 84.9
80 83.2 85.2 90.1 84 .4 831 87.0  94.8 92 2
100 | 856 87.7 93.3 86.8 85.3 89.7 | 97.8 95 §

* SLA: Slade Disrtribution, GUC : Gumbel-Chow Distribution, IWA : IWAI Distribution,
LN2: 2 Parameters Log Normal Distribution, LN3 : 3 Parameters Log Normal Distribution,
PT3: Pearson Type-TI Distribution, T1E : Type-I Extreme Distribution, LP3 : Log Pearson Type-Tl Distribution

Table 2. Design storm for duration and return period analysis with Type- | Extreme distribution (Unit:mm)

W 1 2 4 6 8 10 12 24

Return Period(yea
2.33 30.0 43.1 58.9 68.3 77.4 84.6 91.3 113.3
5 39.1 55.17 79.4 93.6 109.5 | 121.6 129.4 155.5
10 46.5 65.9 96.1 114.2 135.7 149.9 160.4 189.8
20 53.6 75.1 112.2 134.0 160.8 178.0 190.1 222.8
30 57.7 81.3 121.4 145.4 175.3 194.2 207.2 241.8
50 62.8 88.3 132.9 ' 159.6 193.3 214 .4 228.6 264.5
80 67.4 94.8 143.5 1726 | 209.9 | 232.9 248.2 287.1
100 69.7 97.8 148.5 178.8 217.7 | 241.17 257.5 297.4
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Table 3. Rainfall distribution pattern by Huff's Quartile (probability of occurence-50%)

Huff's Quartile
Duration (%) 1st 2nd 3rd 4th
.0 0.0 0.0 0.0 0.0
10.0 0.1 0.5 0.9 1.8
20.0 3.3 9.6 20.1 27.8
30.0 5.1 13.1 25.7 33.9
40.0 10.1 21.2 40.1 44.3
50.0 16.9 29.5 46.7 51.7
60.0 38.0 50.1 58.9 66.1
70.0 59.7 70.7 72.3 83.8
80.0 78.3 89.7 86.0 91.3
90.0 90.6 94 .6 | 95.6 ] 98.8
100.0 100.0 100.0 1 100.0 l 100.0
Table 4. Mean land use in Manchon urban catchment
Index Ratio(%)
House Independent House. Apartment House
. . - 44 .0
Commercial Area Core & General Commercial Building
Industrial Area Factory, Plant. Manufactory
Pavement Road Downtown main road, Fire road 10.0
Forest Land Orchard. Mountain, Forest 45.0
Stream Channel Lowflow Channel 1.0
Total 100.0
SUB 1
manhole dk
z PI 10
: SUB 2 i, SUB 3
— $
P1 20 PI 30
SUB 4 Pl 11
%)——x SUB 5
mw ez
: SUB 6 ~—SUB 74 SUB 8
& ‘
PI soj PI 60
ion 13
Pl 14
Y$——  SUB 9
|

Fig. 1. Schematic map of Manchon urban catch-
ment.
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Fig. 2. Pipe network schematic diagram of Man-
chon urban catchment.
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Table 5. Basin & pipe network data of Manchon urban catchment

. . . . Pipe Cross
Subbasin| Upper | Lower |Basin |Impervious : Pipe | Pipe :
Pipe Ma‘r)liole Manhole| Area ‘})f{atio Basin Slope(%) Lenlx)gth Sloppe Se(cntil)on
Number | Number| Number| (ha) (%) Impervious | Pervious (m) (%) Width |Height
SUB 1 D 250.00 34.00 0.657 0.730
PI 10 D 2 1,800.0/0.710 18.34 | 2.30
SUB 2 ) 35.00 54.29 1.287 1.430
PI 20 ® 2 600.0 | 1.21 | 18.23 | 2.10
SUB 3 D 20.00 85.00 0.990 1.100
PI 30 D 2 600.0 | 1.08 | 18.45| 2.20
PI 11 @ ® 300.0 | 0.45 | 18.32 ] 2.40
SUB 4 ® 27.00 96.30 1.242 1.380
PI 40 ® ) 710.0 | 1.01 | 18.12| 2.10
SUB 5 ® 8.00 98.99 0.513 0.570
PI 12 ® D 410.0 | 0.32 | 18.09 | 2.00
SUB 6 ® 11.00 95.45 3.195 3.550
PI 50 ® D 380.0 | 2.23 | 18.22 | 2.20
SUB 7 @ 5.00 97.87 0.306 0.340
SUB 8§ 9 109.00 55.96 2.772 3.080
PI 60 ©) @ 920.0 | 2.57 [ 18.55 | 2.10
PI 13 D 0 1,200.0| 0.56 | 18.32 | 2.10
PI 14 ) ® 50.0 | 0.27 1 18.22 | 2.20
SUB 9 © 53.00 88.68 0.648 0.720
Table 6. Total runoff yield on urbanization steps by the rainfall patterns (return period - 20 years)
U'I;’:t“iloz(i/:‘)"” Huff's 1(m*) | Huff's 2(m® | Huffs 3(m® | Huffs 4(m® Varil\::iiz(%)
50 289,000 291,000 290,000 294.000 -
60 303.000 304,000 303,000 307.000 4.55
70 323,000 324,000 323,000 327.000 11.43
80 ‘337,000 338.000 336,000 340,000 16.07
90 348,000 349,000 348,000 352.000 20.02
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Table 7. Q, & T, calculation on urbanization steps by the rainfall patterns (return period - 20 years)

L Huff's 1 Huff's 2 Huff's 3 Huff's 4 Mean Variation(%)
Urbanization )
Ratiof%) | Q | T | @ | T | Q | T | Q | T e | T
(cms) | {min) | (cms) ' (min) | (cms) | (min) | (cms) | (min) | ™" | "
50 67.489| 95 |71.088] 95 150.415] 100 |55.213] 105 B -
60 71.456 95 75.272 95 53.371 100 158.323° 105 5.82(~) | 0.00()
70 76.636| 95 | 80.815| 95 157.430 | 95 |62.540 100 |13.61(A) | 2.44(V)
80 79.087 90 83.267 90 59.279 95 164.435] 100 [17.15(A) | 5.07(v)
90 80.553 90 84.230 90 60.042] 95 [65.358 95 18.83(4) ] 6.26(%)
100.0 20.0
00 Hoffs | Quartilo(Retum Pariod = 20 yoars) UR So%) Hudfs 3 Quartile(Return Pariod = 20 years) UR. 50%)
— — — - UR 60% T0.0 e~ UR 60%
............. UR 70%) UR 70%|
----- UR 80% 60.0 < e UR 80%
g ~0--— UR 90% ’g 500 ﬁ -Om UR. 90%|
¥ e
jo
.g g 300
200
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¥ Q- 00 + f 2
0 100 200 ‘300 400 500 600 [} 100 200 300 400 500 600

Time(min)
Fig. 3(a). Hydrograph on urbanization steps by
Huff's 1 rainfall pattern.
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Fig. 3(b). Hydrograph on urbanization steps by
Huff's 2 rainfall pattern.
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Fig. 3(c). Hydrograph on urbanization steps by
Huff's 3 rainfall pattern.
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Fig. 3(d). Hydrograph on urbanization steps by
Huff's 4 rainfall pattern.
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Table 8. Total runoff yield on urbanization steps by the return periods (Huff's 3 rainfall pattern)

Urbanization Return Period(Year, m?) T Mean
Ratio(%) 2.33 5 10 20 30 i 50 80 100 Variation(%)
50 135,000 193,000]242,000|290,000{317,000}352,000383.000|399.000 -
60 145,000 | 204,000 |254.000 | 303.000(331,000[367.000398.000414.000 4.86
n 70 160,000 221,000{273.000{323.000|351.000|388.000|420,000]435,000 12.11
80 171.000|234.000|286.000|336.000{365.000|401,000|434.000 450,000 17.14
90 @2.000 245,000 | 297,000 | 348.0001377.000/413,000 445.000] 461,000 21.56
1000 1000 -
%00 Development Ratio SO%(Hutfs 3 Quartile) T RPIBY: %00 Deovelopmant Ratio 705%(Hulfs 3 Quartile) RP.2.93 Y1)
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Fig. 4(a). Hydrograph on each return period by ur-
banization step 50%.
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Fig. 4(b). Hydrograph on each return period by ur-
banization step 60%.
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Fig. 4(c). Hydrograph on each return period by ur-
banization step 70%.

1000
’M{ Dovelopawnt Ratio S0%(Hulfs 3 Quastile) ——RP2BIY
———-RP.5SYr
0.0 -RP.10Yr
-RP.20Yr
- 70.0 1 RP.30 Yr
g o0 { ———RP.50Yr
'S ———RP.30Yr
2 500 1 — ——RP.100Yr
i-
300
200
10.0
0.0 o =
0 100 200 300 400 500 600

Time(min)
Fig. 4(d). Hydrograph on each return period by ur-
banization step 80%.
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Fig. 4(e). Hydrograph on each return period by ur-
banization step 90%.
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Table 9. Peak flow on urbanization steps by the return periods (Huffs 3 rainfall pattern)

Urbanization Return Period(Year, cms) Mean
Ratio(%) 2.33 5 10 20 30 50 80 100 |Variation(%)
50 24.138 | 34.075 | 42.372 | 50.415 | 55.288 | 61.213 | 66.637 | 69.593 -
60 25.763 | 36.255 | 44.967 | 53.371 | 58.452 | 64.606 | 70.227 |-73.296 5.89
70 28.058 | 39.303 | 48.561 | 57.430 { 62.770 | 69.203 | 75.063 | 78.267 13.97
80 29.438 | 40.921 | 50.310 | 59.279 | 64.669 | 71.145 | 77.045 | 80.274 17.82
90 30.525 | 41.862 | 51.145 I 60.042 | 65.399 | 71.835 | 77.712 | 80.930 19.71
Table 10. Runoff depth & runoff coefficient on unbanization steps by the rainsall patterns (return period -
20 years)
Huff's 1 Huff's 2 Huff's 3 Huff's 4
Urbanization Mean
. Depth |Runoff. Runoff Runoff Runoff L o
Ratio(%) (mm) | Co (%) Depth Co. (%) Depth | Co.(%) Depth Co (%) Variation(%)
50 56.1 74.1 56.5 74.6 56.3 74 .4 57.1 75.4 - -
| 60 58.8 77.7 59.0 77.9 58.8 77.7 59.6 78.7 4.51 3.38
70 62.7 82.8 62.9 83.1 62.7 e 82.8 63.5 83.9 11.42 8.53
80 65.4 86.4 65.6 86.7 65.2 86.1 66.0 87.2 16.02 11.98 |
90 67.6 89.3 67.8 | 896 67.6 89.3 68.3 90.2 20.05 14.98
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