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Analysis of Intensity-Duration-Quantity (IDQ) Curve for Designing Flood
Retention Basin

TR I T WONYE -o
Kim, Jin Gyeom / Kang, Boosik / Yoon, Byungman

Abstract

This research was carried out for suggesting design criteria and procedure for maximizing flood control
capacity by building flood control facilities like flood retention basin built in connection with existing
facilities in order to cope with increased uncertainty due to factors such as urbanization and climate change.
We suggested the procedure for the analysis under the various scenarios applicable for the cases of
determining retention basin capacity as provision for the flood water level increase in main river channel
or estimating flood water level reduction effect when retention basin capacity is given. Procedure for
estimating design flood hydrograph at any duration using Intensity—Duration-Quantity (IDQ) originated
from the existing IDF, and its application example were provided. Based on rainfall estimated by the IDQ
analysis, it is possible to calculate an equivalent peak hydrographs under various scenarios, e.g. lower
frequency hydrograph under same rainfall duration with water level higher than existing hydrograph,
hydrograph with same peak and higher volume due to increased rainfall duration, hydrograph with higher
peak and volume than existing hydrograph, etc.

Keywords : flood retension basin, IDF, IDQ, design flood, uncertainty analysis
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Rainfall Duration(hr, Log scale)

Fig. 2. Relation of IDF Curve and IDQ Curve

Rainfall Duration(hr, Log scale)
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Fig. 1. Relation of IDF Curve and Peak Flow
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Fig. 4. Schematic Analysis of Design Rainfall
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;_ . ; ; o‘;o ?:;E e ;,\; }\; Xq_beo ;:;_ Area River Length Flow Length
o y e ];ﬂ ;j;; Py ij}ﬂ (ke (k) (k)
e v T e e 94.43 13.34 18.15
Capacity BQc = AQ, =  AQg River Slope Basin Slope |Basin Perimeter
Design | Reducion AH > OHA > AH, (m/m) (m/m) (km)
e Yl 0.0169 0.363 62.65
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Fig. 7. Wonju River Basin

Table 2. Specification of Rainfall Station

Name Type Location Longitude Latitude Altitude Obssgitlon Organization
. Wonju-si o tpr o on’ 1971. (D)
Wonju T™ MyeongRyun-dong 127° 56 37° 20 152.2m 1973. 1(H) KMA
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H, 973 92 Al Sob] wiol ¢ 2 7R ATHMLIT, 201Dl A8 3 =a54x0] 79
ARSE Agsith © T2 A EA ] SEEA] ke A EE e} 62F 3941 vk Tables 5
B A S el Bt gks ARkl o A& and 63 2T}
Algro] BAIZME: ez Aol 7-5-2] AR g AEo]
nuEly] w296 miRh) dFA o= 12 A s 3.3 dAsrE o
AHggk RIEE X|EARE A= I 2 .
4870 zﬂi?gé wa_]a ﬁ%AiFTi ﬁiiﬁf&. 331 maTE 48
AAZFS-] A THEEE Huff WHHS AR, AAlE FrEFFS NRCS W& ARS-shH, 53 {19 7H
53 A QH(MLIT, 2012)9) wheh Zsbahe 50%0) 3% FEACl$E 2 AFEdes FHS ¥ 499 73
9 AFARREEE ARSIy A E I B =4 A5 s WS ARSI Figs. 8 and 9
Table 3. Area Reduction Factor by Return Period and Duration
Brerstfom Return Period
2yr 10 yr 30 yr 50 yr 80 yr 100 yr 200 yr
3hr 0.9601 0.9613 0.9638 0.9653 0.9676 0.9666 0.9680
6 hr 0.9753 0.9858 0.9849 0.9856 0.9835 0.9803 0.9851
9 hr 0.9803 0.9715 0.9669 0.9664 0.9636 0.9666 0.9638
12 hr 0.9820 0.9712 0.9716 0.9728 0.9718 0.9698 0.9701
18 hr 0.9822 0.9659 0.9676 0.9654 0.9677 0.9661 0.9674
24 hr 0.9846 0.9770 0.9764 0.9756 0.9766 0.9737 0.9741
36 hr 0.9876 0.9820 0.9807 0.9799 0.9797 0.9793 0.9781
48 hr 0.9907 0.9871 0.9849 0.9842 0.9828 0.9850 0.9820
Table 4. Probable Rainfall of Wonju Basin
R, Return Period
2yr 10 yr 30 yr 50 yr 80 yr 100 yr 200 yr
3 hr 63.0 97.8 119.1 129.1 138.4 142.3 155.3
6 hr 89.0 141.9 172.7 187.0 199.6 205.0 225.1
9 hr 106.7 167.9 204.2 220.6 235.6 243.5 265.7
12 hr 1194 189.1 231.8 251.0 268.7 276.3 302.7
18 hr 137.7 2195 270.7 292.4 314.6 323.7 355.3
24 hr 1514 2459 303.6 328.8 353.6 363.6 3989
36 hr 185.3 309.4 385.2 419.3 451.6 466.0 511.1
Table 5. Dimensionless Cumulative Distribution Curve (Exceedance Prob. 50%)
Type S Duration(%)
0 10 20 30 40 50 60 70 80 90 100
1st 0 17 40.2 55 63.3 721 794 85 73.1 97.5 100
Ct;gﬂ?athve 2nd 0 | 47 | 133 | 302 | 522 | 707 | 82 | 8 | 945 | 979 | 100
(%) 3rd 0 3.1 85 15.8 254 409 57.6 795 915 97.4 100
4 th 0 2.4 6.8 14.2 20.5 277 39.9 90.1 70.9 90.9 100
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Table 6. Dimensionless Regression Equation of 3rd Quartile Huff Distribution

Quartile Regression Equation
3rd Y'=0.051419171 —0.212547993667 X+ 0.078317818513.X >— 0.0036 76588864 X
+0.000085810961 X *— 0.000000862858X >+ 0.000000003063.X°

TS

o71A, Y& 72k

O e e Kilometers
01 2 4 6 8

Fig. 8. Landuse Map of Wonju Basin

H%), Xi= A 7H5-A4145713H%)

O — e Kilometers
01 2 4 6 8

Fig. 9. Soil map of Wonju Basin

Table 7. Estimation of Curve Number (CN) in Wonju Basin

Soil Type
Landuse A B © D Total CN
Area CN Area CN Area CN Area CN
Farm 0.82 63 | 015 74 | 0.06 82 | 003 | 8 1.05
Paddy 11.90 79 | 325 79 | 0.80 79| 072 | 79 | 1667
Forest 38.78 56 | 26.96 75 | 059 8 | 040 | 91 | 66.74
Pasture 156 30 | 031 58 | 0.07 71 | 008 | 78 2.01 CN 1I-68.3
Bare land 0.87 77 | 023 86 | 003 91 | 003 | 94 115 | N =832
Urbanization | 5.79 89 | 054 92 | 020 94 | 027 | 95 6.79
Water 001 | 100 | 000 | 100 | 001 | 100 | 0.00 | 100 0.02
Total 59.72 31.43 175 153 94.43
SRR AG AP A AR AT KO0l AEA BHVE S, B ATelA HEshe e 4
o] &% 9} JNFEYT|LL W Table 7S GIS Aol A T FARSAE F2 S Yo7 ulidd #EAE
ALkt 98T =T AeE A dijolth & ol&st w/iHsE AHdsta S5 A skTh
532 cielmol oisfu A AR S 918 B9 FEAES Adsiglon
Aelat ARk 20109 99 219 154158 229 014744
B ATAE FAFERAL AN Cark & 299} olol] WE 9] BEAR, BED S+
SIE(Clark, 1945)2 AFEIITE Clark B9IEE B4R 91§ DAAAE 0|43 fow quaiglon 4
7 gl frodol ARAS Bl I INSE EE ¢ = BAAReEA o8] APaERe FRaa. WA
AT H15E 20149 11 89
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Station Range Equation( Q: m?/s, H(h):m)
049 < H< 0.93 Q=0.298 < (H—0.490)%3%
093< H<1.17 Q=197.410 % (H—0.870)*%
Wonju
. <1. —1E K - 1.700
(H=h+1) 117T< H< 150 Q=15.500x (H—0.830)
150 < H< 2.80 Q="71.891x (H—1.150)*'"°
2.80 < H< 6.30 Q=127.671 x (H—0.750)>%"
800 500
700 /.\ —s—Clark UH
/ ; —+—Clark UH(Before) 400
£00 / & \\ i —i— Obs.
500 ’, —=— Clark UH(After) - 1y
- E 300 1 A
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zg 200 [f‘ \‘\ 2 00 ] b
N\ Y
!
200 / \ \-Q el .\
100 - i oy J ey
S ma_n . T Y YO

9/ 71;1 3:00 9/ 22/ 7:00 9/ 22/ 11:00 9/ 22/ 15:00

Time(hr)

Fig. 10. Calibration of Clark UH Parameters

9/ 21/ 15:00 9/ 21/ 19:00 9/ 21/ 23:00

Table 9. Design Flood using Clark UH

9/11/23:00 9/12/7:00 9/12/15:00 9/12/23:00 9/13/7:00 9/13/15:00 9f13/23:00

Time(hr)

Fig. 11. Validation of Clark UH Parameters

90

Return Duration
Period 3hr 6 hr 9 hr 12hr 18 hr 24 hr 36 hr 48 hr
30 yr 400.6 556.4 572.1 567.5 514.4 468.8 398.2 3345
50 yr 4495 617.3 631.1 626.1 564.4 515.1 4283 3686
80 yr 495.0 671.4 634.7 630.3 615.7 561.0 465.9 400.5
100 yr 514.9 694.6 713.2 703.6 636.8 579.3 482.6 416.1
200 yr 580.1 7815 7935 784.9 710.2 644.5 535.4 460.5
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