J. Korean Soc. Hazard Mitig. ISSN 1738-2424(Print)
Vol. 21, No. 6 (Dec. 2021), pp.285~291 ISSN 2287-6723(Online)
https://doi.org/10.9798/KOSHAM.2021.21.6.285 www.kosham.or.kr

AR MEZLY BICt APYO|| CHYSHS OiofMs =W Wl

Parameter Adjustment to Prevent the Overestimation of Peak
Discharge in a Small Watershed
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Abstract

We revisit empirical methods to prevent the overestimation of peak discharge in a small watershed, in particular investigating the
time-area method, which has not been considered in the overestimation problem of peak discharge. To avoid misapplying the same
inlet time between the unit hydrograph and rational formula, distinct parameter adjustments for each method are proposed. We
adopt the secondary basin response time for the unit hydrograph, rainfall duration for the rational formula, and time of concentration
for the time-area method, as suitable parameters to adjust the estimation of peak discharge. In conclusion, adding 10 minutes to
secondary basin response time, 20 minutes to rainfall duration, and 30 minutes to time of concentration, respectively, yields estimates
within a reasonable range of specific discharge in a small watershed.
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Fig. 1. Relationships between Specific Discharge and Drainage Area of Small Watershed
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Table 1. Specific Discharge (m’/s/km?®) in the

Critical Duration Varying with K Adjustment in Clark Unit Hydrograph Method

) Time of concentration Parameter adjustment in minutes
Area (km®) .
(min) 0 5 7 10 15
0.001 0.3 54.27 39.25 35.75 32.14 28.03
0.010 0.9 53.43 38.21 35.04 31.60 27.66
0.050 2.3 47.25 36.11 33.48 30.52 26.95
0.100 33 4432 34.73 32.44 29.70 26.36
0.500 8.0 35.15 30.12 28.63 26.73 24.28
1.000 11.7 31.21 27.60 26.41 24.93 22.93
5.000 28.3 22.18 20.77 20.28 19.59 18.57
25.000 68.0 14.67 14.23 14.06 13.82 13.42
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Fig. 2. Relationships between Specific Discharge in the Critical Duration and Drainage Area Depending on K Adjustment in Clark

Unit Hydrograph Method
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Table 2. Specific Discharge (m’/s/lkm?) Varying with Rainfall Duration Adjustment in Rational Formula

) Time of concentration Parameter adjustment in minutes
Area (km®) .
(min) 0 10 15 20 30
0.001 0.3 70.34 37.53 32.82 29.56 25.20
0.005 0.7 65.40 37.09 32.53 29.35 25.06
0.010 0.9 62.65 36.76 32.31 29.19 24.96
0.050 2.3 54.72 35.38 31.38 28.50 24.53
0.100 33 50.70 34.41 30.70 27.99 24.20
0.500 8.0 40.47 30.89 28.13 26.00 22.87
1.000 11.7 35.93 28.78 26.51 24.70 21.96
5.000 28.3 25.92 22.81 21.62 20.58 18.88
100

Rainfall Duration Adjustment
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Fig. 3. Relationships between Specific Discharge and Drainage Area Depending on Rainfall Duration Adjustment in Rational Formula
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Fig. 4. Relationships between Specific Discharge in the Critical Duration and Drainage Area Depending on T, Adjustment in Time-Area Method
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Table 3. Specific Discharge (m’/s’/km?) in the Critical Duration Varying with T. Adjustment in Time-Area Method

) Time of concentration Parameter adjustment in minutes
Area (km®) .
(min) 0 10 20 30 40
0.010 0.9 (divergence) 43.11 33.36 28.16 24.71
0.050 23 75.54 42.50 32.99 27.78 24.50
0.100 33 68.98 41.03 32.34 27.39 2422
0.500 8.0 52.04 36.42 29.92 25.89 23.06
1.000 11.7 42.37 32.99 27.87 24.51 22.06
5.000 28.3 29.69 25.74 22.96 20.89 19.28

Table 4. Appropriate Parameter Adjustment Minutes for Flood Estimation in a Small Watershed

Method Parameter for adjustment Range of minutes
Unit hydrographs Storage coefficient 7~10
Rational formula Rainfall duration 15~30
Time-area method Time of concentration 20~40

A 87V’ AFITTELRE U] feide =2k
o 308 Axo] Br} & S tis|Folof Fit

4. =Y O XY Y

WEARE 53 viZlHs A o] ofee Aol Hivl
W 24 o] AAgLs AAsket v &S 1%
T Ak AA, AAFHNA AT 2FEE 9%t EER
F(e.g, MLTMA, 2012)°.2 “15¢F AA|0)] b= &89
Clark 1= 9] T3-S Farsh= Zlolth 53, &els
o] HA w7 ZAHFOZ 5~10%, 204, 302 5 ThURE
ol A=EAYE A 2] Clark TGI=H9] - AA=
Y miZi 245k A 7~10E0 8 JAT HYE
ABIATE 22 FEERANA T AP 4y

Srigo] A th2A] Gofok gtk 7S}l Clark
AEHS 7o 2 A wiias 2430 ARt
b AFOA BARH R A8 vlgrEe] HeE

A skt

oo

oot o

E

Clark HI=H2] 7S 108 24w, fHAo]
0.01 km* (1 ha)?l 45 HAFEFF] HIZF7FLS 31.60

m/s/km’Z AFo)| A F-8rlset vlEF el gt
o} olu, A7k 1082 7129] 74 24 wRlellA AA
3= FeXlell H3lsl= A3 o]t(Jeong and Yoon, 2003; Kim
et al, 2017). WebA Clak HES] 2/ wi7iHT 242
Aol 1032 Hake Zlo] dejdolnt. A2 ¢
2471218 20% B wl, FYS F-HH(0.01 kmd)oll A
H|Z=2ko] 29.19 m¥skm’E ZAEATE AlZ-AZHPE-L
TIAZ ] 3085 BgS W, 0.01 km*9] A A
H|Z4=Fo] 28.16 m/skm’Z Aol A% o2 24

290 st=ERiEs| =22, M213 65 20214 128

A

&Y AFETEe] 24 Ve 3 A E
ueh AL S ¢ 7] wiEell 2EEe 54 o=
I RGE I HAE Adtse Ao] AFA8A

SHA AT A= AAETHTable 4).

a
=X

r
o
3

o] AFATE 7108, 9] F9AL7IRE 15-30%,
AZErAR g o] SEAITRE 20-408-S A= Ao] 7

g ot} oluf, B9 =W Clarkk T =0l =3H3h= Alo]
offel SCS =] AAAIE o] 221 1
i HFE 717 eIl 3502 A8e o Jrk mEgk
TS, ArEd 55 B8 v o] 7Fsst
31 Table 40l|A AAShH= 278 HeHeA Ao g
ZARE S = Utk

o =2 uiZliRls 24 o 9w 71ee st
oF Rt Clark THI=R9] AFd<roll 108, iAo -
A&713bel 202, AREEAER 0] AR 3082 Tt
= 735} RIS A % 792 vIgTE Aol
0.01 km*2] Frjrazoll A 21.83-33.46 m*/skm’ol|A 5 km’2]
ez oA 8.80 mY/s/km® ©]3FR FA3] ZO]ETHFigs.
2~4). WA 5 km?® ©5}e] AfrolA= HiEA] vj7HS
2% Jav) glow, JRth & FHAAE w/Ese
2o BaAo] FriF o WS Z o= AdEHT oju),
2f myRe 202 IS = Qe S| g
TAE 7 aefsiedof i) fewzo] F71ETE wjy)
W 2ol o3t AT Agtaro] HA ZasARt
28t FHA AN wiZEe 24 of ol wetA
FrEo] AAHAY AARAELZIRE A G v
4= itk ololl ] FHA 0 k] 25 km7FA] Ak
< YA TFaAA H8g A(Jeong, 2005), -4

8
o [‘-i':
oo
>
r\l
o




a3 5 km7HA =
km*HHE] 25 km*7HA] 2AH7ES
LA o7 E 8 A8 F<AHKim et al, 2017)

o =R 23F RS ARN AR, AAARL S
10 (7~10)% =4

o FEA: AeAE7IEE 20 (15~30)E =4

o AZEAAE: E2AITRS 30 (20~40)F =4

B2 AFollAe o)Al
AP w7 24l e
Aol A mi7is 2HAE FIEAEE FFssh=
o] F7F A77F 289 Zlow dAdHn.

AR

2 A2 B3N] Ao I=AlrE 9
A5® EAFAR A ARjje] A9l ol ATEHIEY
TH2019002950001).

References

Clark, C.O. (1945). Storage and the unit hydrograph.
Transactions of the American Society of Civil Engineers,
Vol. 110, pp. 1419-1446.

Horton, R.E. (1933). The role of infiltration in the hydrologic
cycle. Transactions American Geophysical Union, Vol.
14, No. 1, pp. 446-460.

Huff, F.A. (1967). Time distribution of rainfall in heavy
storms. Water Resources Research, Vol. 3, No. 4,
pp- 1007-1019.

Jeong, J. (2005). A development of practical method for flood
estimation. Ph.D. dissertation, Korea University Press
(in Korean).

Jeong, J., and Yoon, Y. (2003). Water resources engineering
design practice. Goomi Publishing Co. (in Korean).

Kerby, W.S. (1959). Time of concentration for overland flow.
Civil Engineering, Vol. 29, No. 3, p. 174.

Kiefer, CJ., and Chu, H.H. (1957). Synthetic storm pattern
for drainage design. ASCE Journal of the Hydraulics

Division, Vol. 83, No. 4, pp. 1-25.

Kim, J., Ryu. G., and Jeong, J. (2017). A Practical method
to prevent an overestimation of peak discharge in
a small watershed. Journal of the Korean Society of
Hazard Mitigation, Vol. 17, No. 4, pp. 295-305 (in
Korean).

Korea Water and Wastewater Works Association (KWWA).
(2005). Drainage sewer design guideline (in Korean).

Korea Water and Wastewater Works Association (KWWA).
(2011). Drainage sewer design guideline (in Korean).

Korea Water Resources Association (KWRA). (2005). River
design guideline and commentary (in Korean).

Melching, C.S., and Marquardt, J.S. (1997). Equations for
estimating synthetic unit-hydrograph parameter values
Jfor small watersheds in Lake County. 1llinois (No.
96-474), U.S. Geological Survey.

Ministry of Construction. (1993). River facility criteria (in
Korean).

Ministry of Land, Transport and Maritime Affairs (MLTMA).
(2011). Improvement and supplement of probability
rainfall in South Korea. Korea Institute of Civil
Engineering and Building Technology (in Korean).

Ministry of Land, Transport and Maritime Affairs (MLTMA).
(2012). Design flood estimation guide (in Korean).

River Administration in Japan (RAJ). (1961). Technical
standards and commentary for river sand control in
Japan, Ministry of Construction in Japan (Translation
from Japanese into Korean by Ministry of Construction
and Transportation, 2003).

Sabol, G.V. (1988). Clark unit hydrograph and R-parameter
estimation. Journal of Hydraulic Engineering, Vol.
114, No. 1, pp. 103-111.

Soil Conservation Service (SCS). (1956). Hydrology. National
Engineering Handbook, Supplement A, Section 4,
Chapter 10, Soil Conservation Service, U.S.D.A.,
Washington.

Straub, T.D., Melching, C.S., and Kocher, K.E. (2000).
Equations for estimating Clark unit-hydrograph
parameters for small rural watersheds in Illinois (No.
2000-4184), U.S. Geological Survey.

Received October 21, 2021
Revised October 22, 2021
Accepted ||| October 28, 2021

FEe oo Agol| thXsHs offE



