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Summary

The hydrologic model FESHM was introduced and its applicability was investigated in an attempt
to analyze the rainfall-runoff relationships of urban small watersheds and to hereafter predict the envi-
ronmental changes.

Basic data on rainfall, water level, geomorphological characterisitics and land use were obtained
from Yeonwha stream watershed located in Chonju-si Dukjin-dong. WL-5 for simulation of subshed
WS # 1(136. 7 ha) with urban district and WL-1 for total watershed WS# 5 (278. 78 ha) we e selected
as gaging points.

The main results gained through applications were summarized as follows.

1. Direct runoff ratio caalculated from a simple separation method for WS# 5, WS# 1 was 20~ 39%,
38~62%, respectively.

2. Simulations for the runoff estimation were carried out for each watershed using 5 rainfall events,
the simulation errors had the range of 2~30%, 0~63% and 0~ 120 minutes for the runoff volume,
peak flow and peak time, respectively.

3. The effect of landuse change by urbanization was tested to WS# 1, runoff volume before develop-
ment was estimated as from tenth to twentieth against after development.
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Fig. 1. Location map of the studied watershed.
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Fig. 2. Segmentation of the watershed (24 ele-

ments).

Table-1. Physiographical characteristics of watersheds.

Items WS#1 WS#2 WS#3 WS#4 WS#5
Watershed area(kni) 1.367 1.082 0.338 0.142 0.279
Length of stream(m) 1800 1650 780 2150 2580
Relief ratio 0.068 0.061 0.112 0.047 0.043
Highest - elevation(m) 120.1 120.1 76.1 120.1 1201
Lowest elevation(m) 30.0 28.0 26.0 26.0 26.0
Shape factor 0.422 0.398 0.556 0.307 0.419
Stream density 1.353 1.617 2.306 1.588 1.471
Mean slope of stream 0.015 0.018 0.003 0.014 0.011
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Table-2. Classification of land use (ha).

Watershed WS #1 WS # 2 WS#3 WS # 4 WS#5

Ite (WS # 23) (WS # 1,23
Paddy 3.43%4 5.677 - 6.421 12.038 15.522(5.57)
Field 5.189 11.092 3.08 14.172 19.361(6.95)
Woods 39.009 68. 446 20.52 88. 966 127.975(45.91)
Grass - 10.601 - 10. 601 10. 601(3.80)
Residential 7218 3.684 3.804 7.488 78.706(28. 23)
Idleland 17.875 8.725 L 8.725 26.60(9.54)
Total 136.725 108.225 33.825 142.05 278.765

( ) Percent ratio

Table-3. Classification of soil type (ha).

Item WS # 1 WS # 2 WS # 3 WS # 4 WS # 5
Loam 117.14(85.7)  90.99(84.1)  31.54(93.2)  122.53(86.3) 239.67{86.0)
Sandy loam 19.59(14.3)  17.23(15.9) 2.29(6.8) 19.52(13.7) 39.11(14.0)
Total 136.73 108.22 33.83 142.05 278.78
( ) Percent ratio

Table-4. Characterics of selected rainfall events and SMCWS.

Storm Rainfalt Antecedent rainfall(mm)
events Date Time (mm) 3days 10days  30days SMCWS
1 '88.5. 3 05 00-09 - 45 10.7 2.2 2.2 61.0 0.25
2 5 7 02:00-12: 15 39.2 0.3 14.3 725 0.30
3 7.26 05:4524:00 26.2 4.6 70.5 245.8 0.92
4 9 2 13:30-17 . 00 10.9 56 17.2 45.5 0.95
5 9.10 074524 . 00 24.2 0.0 14.7 60.2 0.30
#£(Antecedent soil moisture condition) & A 2 DS, i2%18% (Deep Seepage loss), Rt =1t
| OMEmERE 2 RHEAEY ke EES JT 84 (Runoff loss) ©] t}.
7t 9. 7)) = 3E T, 10887, 30H AT e FK 9 AL FES o e 2 BES AT
8ol ol RTHEKSEGS JEle B (1) EME ERES 30179 6,2 50%°th
SMCWSE fEsEst 3 th. (Table-4.) FESHM#A (2) i, o & BE-S &
o) A 8] SMCWSE -3 o] Zhekstal 4K (3) HAAS AT 30H 5L B3
SR REd o (4) BBy EES U2 AT 1
9,= 0.+ P,— ET,— DS~ R (11) /2014,
A7 t=F5RI A (day), 0, = LKA 3. R EHel Wik |
0= AR TEASE, P=FKE ET =324 FESHM#ER o] BB SfT RS E
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Table-5. Charactertics of hydrologic resopnse units.

Plant Gravita- Final  Depth to
HRU Cover available tional infiltr-  impeding Soil Land Manning
No. coeff. water water ation layer type use
storage  storage rate (ins) n
(infin)  (Gn/in)  (in/hr)
1 0.30 0.123 0.186 0.13 4.0 SL Idleland 0.07
2 0.90 0.123 0.186 0.13 4.0 SL Woods 0.20
3 0.70 0.123 0.186 0.13 4.0 SL Grass 0.12
4 0.70 0.123 0.186 0.13 4.0 SL Orchard 0.10
5 0.05 0.012 0.018 0.02 0.3 SL Residential 0.03
6 0.05 0.015 0.014 0.02 0.3 L Residential 0.03
7 0.30 0. 156 0.144 0.11 6.0 L Paddy 0.10
8 0.70 0. 156 0.144 0.11 6.0 L Orchard 0.10
9 0.30 0.156 0.144 0.11 6.0 L Idleland 0.07
10 0.70 0.156 0.144 0.11 6.0 L Grass 0.12
11 0.90 0.156 0.144 0.11 6.0 L Woods 0.20
SL=S8andy loam S=Loam
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Table-6. Results of hydrologic Simulation(WL-5).

Storm T Runoff volume(m') Peak flow(m/sec) Peak time Cala.llatlon
Volume time
event [ (m) | Observed | Sim.(1) Eror |ObservedSim.(1)| Ermor  [Observed, Sim.(1)]

1 14,630 {5,915 (40.4)*(6, 405 (438)% -490(-83)
53,5% |28,016 (52.3))28,841 (538)| - 825 (-29)
1 35,822 118.571(51.8)|18 968 (530)| -397 (-21)
14,903 | 9,282 (623) | 7.062 (474) | 2,220 (239)

Y e W N

4,185 | 1.534 |2.651(633) | 14

33,087 |12 764 (386)|17.140 (51.8)} 4,376(-34.3)| 1.440 | 1.386

1,746 | 0,957 [0.778(45.2)) 08: 15| 08 : 30 15: 00-14: 00

2.456 | 1.405 |1.051 (42.8)) 0830

3.742 | 2.203 [1.539(41.1)|20:30(21:
100
100

0210016 00
06 00-7/27.8 1 00
13:00-24: 00
08 00-9/11.07: 00

1:

14
21:

00
00
30
00

0.054 (04) | 21

( ) *Ratio to total volume
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Table-7. Results of hydrologic Simulation(WL-1).

Storm Total

Volume Runoff volume(r') Peak flow('/sec) Peak time
event (m) Observed Sim. (1) Error  [Observed |Sim.(1) | Error  |Observed | Sim.(1)
1 29,829 |6.426(215)*| 7,000(235)*| -583(-91) | 1,155 | 1.148 | 0.007(0.6) | 09:00 | 09:00
2 109,276 |32,794 (30.0)|33,813(209) | -1,019(-3.1) | 1.588 | 1.759 [-0.171(-10.8)| 09:30 | 11:30
3 73,036 (23,642 (324) 22,407 (30.7)| 1,235(5.2) | 3.280 | 1955 | 1.325(404) | 22115 | 21:30
4 30,385 11,694 (385)| 9,535 (314) | 2,159(185) | 2.053 | 1.836 |0.217(106) | 14:45 | 15:00
5 67,461 (13,459 (200) 18,334 (27.2) | 4,875(362) | 1.076 | 1.350 [-0.274(255)| 21:30 | 21:30

( ) *Ratio to total volume
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Table-8. Simulation results by different calculation time.

Station | Storm Runoff volume(m’) Peak flow(m'/sec) Peak time
event | Sim. (1) Sim. (2)* | Difference |Sim. (1) |Sim.(2) | Difference |Sim.(1) |Sim. (2)
WL-1 1 7.009 7.014 5(007) 1148 | 1.126 | 0.022(1.9) | 09:00 | 09: 00
2 33.813 33,823 -10 (-003) 1759 | 1777 [0.018(-1L.0)| 11:30 | 11:30
3 22,407 22110 | 207(13) | 1955 | 1964 |0.009(046)| 21:30 | 21:30
4 9,535 9,530 5(0.05) 1836 | 1.808 | 0.028(15) | 15:00 | 15:00
5 18,334 18,335 | -1(0005) { 1350 | 1355 [-0.005(037)|21:30 | 21:30
WL-5 1 6.405 6,385 2(03) 0,957 | 0,910 | 0.047(4.9) | 08:30 | 08:30
2 28 841 28.792 49(017) 1.405 | 1.356 | 0.049(35) | 11:00 | 11:00
3 18,968 19,015 47(025) | 2.203 | 2253 | 0.05(23) | 21:00 | 21:00
4 7,062 7.162 2100(-14) | 1534 | 1451 | 0.083(54) | 14:30 | 14200
5 17,410 17.303 107(06) | 138 | 1362 | 0.024(17) | 21:00 | 21:00

% Calculation time increment-overland 60 secs, channel 30 secs.
Table-9. Simulation results by different land use.

Station | Storm Runoff volume(m’) Peak flow(n/sec) Peak time
event | Sim. (1) | Sim. (3)* | Difference |Sim.(1) |Sim.(3) | Difference |Sim. (1) {Sim.(3)
WL-1 1 7,009 558 |6,451(92.0)| L1148 | 0.041 |1.107(96.4)| 09100 | 10:00
2 33,813 6,795 27,018(80.0)| 1.759 | 0.502 |1.257(71.5) | 09:30 | 12:00
3 22,407 4,821  [17,586(78.5)| 1.955 | 0.358 |1.597(8L.7) | 22:15 | 22:30
4 9,535 1,912 7.632(80.0) | 1.836 | 0.142 [1694(92.3) | 14:45| 15:30
5 18,334 2,402 15,932 (86.8)| 1.350 | 0.107 [1.234(92.0) | 21:30 | 22100

;WL-S 1 6,405 - 6 405 (100) | 0.957 - 1 097(100) | 08:15 | —
2 28,841 2,005 26,836 (93.0)| 1.405 | 0.208 |1.197(85.2) | 08:30 | 11:30
3 18,968 1,439 17529 (92.4) | 2.203 | 0.134 |2.069(93 9120:30|22:00
4 7,062 584 6478 (91.7) | 1.534 | 0.065 |1.469(95.7) | 14100 | 15:00
L 5 17,410 379 17,031(97.8)] 1.386 | 0.024 [1.362(98.7) | 21:00 | 21:30

% Before development
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Table-10. Simulation results by different element numbers.

Station | Storm Runoff volume(m’) Peak flow(m’/sec) Peak time
event | Sim. (1) | Sim. (4)* | Difference |Sim.(1)|Sim.(4)| Difference |Sim. (IJSim. (2)
WL-1 1 7,009 7906 897(-12.8) | 1.148 | 1129 | 0.019(1.7) [ 09:00| 0900
2 33,813 33,398 [4,585(-13.6)] 1.759 | 1.905 |-0.146(8.3)| 11:30 | 11:30
3 22,407 25,260 (-2,853(-12.7)] 1.955 | 2.288 |0.333(-17.5)[ 21:30 | 21:30
4 9,535 10,478 943(-9.8)| 1.836 1.794 | 0.042(2.3) [ 15:00 [ 15:00
5 18,334 21,068 |-2.734(-14.9)| 1.35%0 1.465 | 0.115(85) [ 21:30 | 21: 00
WL-5 1 6,405 7,554 -1,149(-17.9)) 0.957 | 1.055 |-0.098(-10.2)| 08:30 | 0830
2 28,841 33,871  [-5,030(-17.4)] 1.405 1.614 [0.209(-14.9)| 11:00 | 11:00
3 18,968 21,906 (-2,938(-15.4)| 2.203 | 2.261 l 0.058(-26) [ 21:00 | 21:00
4 7,062 9,243 |2,181(-30.9)| 1.534 1.593 |0.059(-3.8)[ 14:30 | 14:30
5 17.410 19,635 (-2225(-12.8)| 1.386 | 1.510 [-0.124(8.9)| 21:00 | 21:00

* Simulated with 14 elements.
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