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Development of Hydrologic Simulation Model to Predict
Flood Runoff in a Small Mountaineous Watershed

1 il R = fu*
Kwun, Soon Kuk - Koh, Deuk Koo

Summary

Most of the Korean watersheds are mountaineous and consist of various soil types and land
uses, And seldom watersheds are found to have long term hydrologic records, The SNUA,
a hydrologic watershed model was developed to meet the unique characteristics of Korean
watershed and simulate the storm hydrographs from a small mountaineous watershed. Also
the applicability of the model was tested by comparing the simulated storm hydrographs and
the observed from Dochuk watershed, Gwangjugun, Kyunggido, .

The conclusions obtained in this study could be summarized as follows ;

1. The model includes the simulation of interception, evaporation and infiltration for
land surface hydrologic cycle on the single stormbasis and the flow routing features for
both overland and channel systems,

2. Net rainfall is estimated from the continuous computation of water balance at the
surface of interception storage accounting for the rainfall intensities and the evaporation
losses at each time step,

3. Excess rainfall is calculated by the abstraction of infiltration loss estimated by the
Green and Ampt Model from the net rainfall,

4. A momentum equation in the form of kinematic wave representation is solved by
the finite differential method to obtain the runoff rate at the exit of the watershed,

5. The developed SNUA Model is a type of distributed and event model that considers
the spatial distribution of the watershed parameters and simulates the hydrograph on a single
storm basis.

6. The results of verification test show that the simulated peak flows agree with the
observed in the occurence time but have relative errors in the range of 54-—40.6% in
various flow rates and also show that the simulated total runoff have 6.9-32% of relative
errors against the observed,

7. To improve the applicability of the model, it was thought that more studies like
the application test to the other watersheds of various types or the addition of the other
hydrologic components describing subsurface storages are needed.
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Table-1. Conditions and algorithms for calculating

the rainfall reaching the ground

Condition Algorithm
tree, ground cover I—-L—IL
tree, no ground cover 1I—-1
no tree, ground cover -1
no tree, no ground cover I
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Table-2. Main and subroutine programs and their

Table-3. Basic input parameters and data re-

functions, quired by SNUA Model for hydrologic
Program name Function simulation.
SNUA main program that reads and writes all Classification | Variable name |  Parameter Description unit
the input data, calls subroutines and General TITLE Identification of watershed
prints computed results Watershed SEGN Number of total segments
FRICT calculates the friction coefficients Faranelers | AREA Toul are.a of watershed la
. . . . FK1-FK3 Flow resistance factors
according to the particle sizes of SO.llS, Geometry SAREA, Aren, slope length and mean | b’
channel shape and canopy cover density Parameters | SLEN, slope of each segment m
INFIL calculates the volumes of accumulated SLOPE, %
infiltration and excess rainfall rates of FT Flow type
each segment continuously XIC, XI0 Bed form and ground cover
resistance descriptors
INTCP calculates interception storages and net Interception | GCD, VOG, Vegetation data
rainfalls of each segments continuously Parameters | SRG, VOR,
NUMERIC solve'zs th.e contir.mous eql.mtion and Eng Maximum ponding storage ’ m
partial d]f.ferentla] equation of momen- Soil Parame- | HYDK hydraulic conductivity m/hr
tum equation ters SAV Potential capillary tension m
ROUTO calculates the runoff rates from surface POROS Porosity of soil
flow segments TOPD Top soil depth m
ROUTC calculates the runoff rates from channel gz:::ngeters [LAT, UP Efegmut;n;nr;ur::::rse::atn(s):pply
flow segments or paddy segments respectively
Simulation IPRT Index for printing input, data
Control DX Number of space division in
Parameters* a segment
DT Routing time increment hr.
TOLER, Convergence limit and max.
XMAX number of iteration
=y TLIM Duration for printing hr.
hydrograph
Initial Values | AMC Initial soil moisture percent
and Calibration| to total porosity
Parameters* | ACF Constant representing the
reduction of HYDK
EVAP Pan evaporation m
VIN Initial interception storage
Break Point | YEAR, Date and time of each break
Precipitation | MON, DAY, | point in 2 digits
Data* HOU R, MIN
RAIN Rain increment from previous| mm
break point

- =% Channel

[— =]
500m 0 250m —_ Watershed
boundary

Fig. 2. Segmentation of Dochuck watershed

*included in the fileof precipitotion data
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Table-4. Geometry of Dochuk watershed.

Seg. Length Slope Wetted Perimete.r— Hydrau.lif: Effe.ctive Flow
Flow Area Relation | Conductivity Capillary Type
SEGN ‘SLEN SLOPE AC BC HYDK SAV FT
(m) {mm/hr) {mm)
1 270 .2946 1. 00 0. 00 3.120 251.0 O.F
2 232 .3714 1. 00 0. 00 1. 680 251.0 O.F
3 138 L4643 1. 00 0. 00 2. 000 251. 0 O.F
4 107 L2769 1. 00 0. 00 5. 700 251.0 O.F
5 112 L2167 1. 00 0. 00 4. 130 251.0 O.F
6 806 .2370 1. 00 0. 00 4. 560 251.0 O.F
7 391 .3285 1. 00 0. 00 5. 300 259.0 O.F
8 176 .2200 1. 00 0. 00 6. 000 240.0 O.F
9 256 .2508 1. 00 0. 00 5. 200 224. 0 O.F
10 375 .2640 1. 00 0. 00 4. 420 251.0 O.F
11 259 L2297 1. 00 0. 00 2. 880 251.0 O.F
12 473 1932 1. 00 0. 00 3. 600 251.0 O.F
13 266 .1200 1. 00 0. 00 6. 000 230.0 O.F
14 193 .3760 1. 00 0. 00 1. 200 251.0 O.F
15 109 . 1643 1. 00 0. 60 6. 000 251.0 O.F
16 238 . 1600 1. 00 0. 00 5. 900 253.0 O.F
17 625 .2480 0. 50 0. 50 - — C.F
18 350 L3714 0. 50 0. 50 - - C.F
19 500 . 1400 0. 50 0. 50 - — C.F
20 215 L4651 0. 50 0. 50 — - C.F
21 685 1679 0. 50 0. 50 — - C.F
22 250 .2000 0. 50 0. 50 — - C.F
23 600 .2038 0. 50 0. 50 — - C.F
24 560 L1339 0. 50 0. 50 - - C.F
25 275 .0364 0.70 0. 40 - - C.F
26 175 L0571 0.70 0. 40 — - C.F
27 500 .0900 0. 50 0. 50 - - C.F
28 750 .0267 0.70 0. 40 — - C.F
29 750 .1933 0. 50 0. 50 — - C.F
30 425 .0235 1.00 0. 39 _ - C.F
31 1625 L1692 0. 50 0. 50 - - C.F
32 275 .0218 2.00 0. 25 - - C.F

Note : 0. F. is overlamd flow ; C. F. is channel flow
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Table-5. Description of selected storms for SNUA Model verification.

Total Mean Rain
Storm No. Date of occurence Rainfall Duration Intensity
(mm) (hr) (mm /hr)
1 1985. 8.10-1985. 8.11 87.5 35 2.5
2 1985.10. 10—-1985.10. 11 104, 3 28 3.7
3 1985.10.12—1985.10.13 113.1 9 12. 6
4 1986. 7.24—-1986. 7.25 68.0 7 9.7
5 1987. 7.21-—1987. 7.22 225.7 28 8.1
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Fig. 3. Comparison between observed and simulated hydrographs for calibration test.
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Fig. 4. Comparison between observed and simulated hydrographs for verification test.

Table-6. Observed and simulated runoff volume and peak flow,

Runoff Volume Peak Flow
Storm r

No. OBS. SIM. Error OBS. SIM. Error Time

(mm) {mm) (%) (mm) (mm) (%) Lag
1 27. 4 25.5 -6.9 3.372 3.189 —5 4 0 0. 988
2 24. 5 22. 8 —-6.9 2. 263 3.182 40. 6 ¢} 0. 950
3 50. 9 34. 4 —-32.0 4,085 5. 619 37. 6 0 0. 841
4 21.9 15.9 —-27. 4 1. 415 1. 850 25. 4 0 0. 901
5 137. 5 122. 8 —-10.7 9. 000 8. 250 -8.3 0 0. 854
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