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Hydrological Studies on the Design flood and Risk of
failure of the Hydraulic Structures(])

—On the annual maximum series—
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Summary

This studies were carried out to get characteristics of frequency distribution, prob-
able flood flows according to the return periods, and the correlation between return
periods and those length of records affect the Risk of failure in the annual maximum
series of the main river systems in Korea. Especially, Risk analysis according to the
levels were emphasized in relation to the design frequency factors for the different
watersheds. Twelve watersheds along Han, Geum, Nak Dong, Yeong San and Seom Jin
river basin were selected as studying basins.

The results were analyzed and summarized as follows.

1. Type 1 extremal distribution was newly confirmed as a good fitted distribution at
selected watersheds along Geum and Yeong San river basin. Three parameter logno-
rmal distbution was tested as a good fitted one at watersheds along Han, Nak Dong
and Seom Jin river basin. Consequently, characteristics of frequency distribution for
the extreme value series could be changed in connection with the watershed location
even the same river system judging from the results so far obtained by author.

2. Evaluation of parameters for Type 1 extremal and three parameter lognormal dis-
tribution based on the method of moment by using an electronic computer.

3. Formulas for the probable flood flows were derived for the three parameter lognor-
mal and Type 1 extremal distribution.

4. Equations for the risk of failure could be simplified as N*—tv-z— and _nT_ under the
condition of non-parametric method and the longer return period than the life of
project, respectively.

5. Formulas for the return periods in relation to frequency factors were derived by
the least square method for the three parameter lognormal and Type 1 extremal
distribution.

6, The more the length of records, the lesser the risk of failure, and it was appeared
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that the risk of failure was increasing in propotion to the length of return periods

even same length of records.

7. Empirical formulas for design frequency factors were derived from under the con-

dition of the return periods identify with the life of Hydraulic structure in relation

to the risk level.

8. Design frequency factor was appeared to be increased in propotion to the return

periods while it is in inverse proportion to the levels of the risk of failure.

9. Derivation of

design flood including the risk of failure could be accomplished by

using of emprical formulas for the design frequency factor for each watershed.
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Table-1. Gauging Stations and Watershed Physical Characteristics

: i Length of | Average | : Observed |
River . Station | ﬁre;a Main Stre- | Basin | ?h;pe Duration | Location
: | GemD am (km) | Width¢km) faCtor [T 0N
Long. 128°397
Jeong Sun 1,709.7 100.8 16.01 0.15 24 Lati, 37022
. Long, 127°38’
Han River | Yeo Ju 11,036.0 347.1 31.79 o.10 | 24 [ate ‘aretar
Kwang . i Long. 127°07/
Tane 24,058.9 422.1 57.00 0.14 2 Lan 4703w
Long, 127°22°
: Seog Hwa 1,834.7 85.0 21.58 0.25 29 . : o
Geum River Lati., 36°37
Long. 126°547
Gyu Am ]l 8,273.0 338.0 24.48 0.07 29 | ol oy
' Long. 128°53
Im Ha 1,360.5 97.2 14.00 0.14 20 | fat '3ee3
Long. 129°04’
Nak Dong Dog San 2,298.0 120.0 19.15 0.16 16 Lati.  33°10
River - Long. 128°24’
Wae Gwan | 11,074, 4 194.0 57.08 0.29 17 Lati. 35°06/
. Long. 128°29’
Jin Dong 20,311.3 476.9 42.59 0.09 29 Lati. 35923’
Long. 126°50"
Yeong San Ma Reug 685.0 56.0 12.23 0.22 27 Lati, 35009
River Long. 126°14’
Na Ju 2,058.0 75.1 . 27.40 0.36 25 Lati, 350017
Seom Jin Long. 127°22/
River Ab Nog 2,448.0 - 162.3 15.08 0.09 26 Lati. 350117
I. SFER U #¥= | K AHAAE G4 ol BEATEE A8
Atk
1 MEANHY EMAY 1) Three parameter lognormal distribution
7}, MESHHY 2) Type 1 extremal distribution
Table-2. Basic Statistics
Years . Standard | Coefficient | Coefficient
River Station Obser- l\(/l;:;n Va(gl%nce deviation |of Variationjof Skewness.
ved(N) ) ,) (2]
Jeong Sun 24 500. 50 79,436.9 281.85 0.56 1. 476
Han River | Yeo Ju 24 5,813.30 13,752,972 3,708. 50 0.64 1.350
Kwang Jang 21 | 10,337.60 70, 966, 200 8,424.15 0. 82 1.003
Geum Seog Hwa 29 1,035.73 465,811 682. 50 0. 66 0. 541
River Gyu Am 29 2,388, 62 2,600,770 ‘ 1,612.69 0.48 1.207
Im Ha 20 587.07 115,474 339. 82 0.58 0. 337
Nak Dong | Dog San 16 2,799. 69 2,785,000 1,668, 83 0.59 0.510
River Wae Gwan 17 3,135.42 5,034, 440 2,243.75 0.72 0. 639
Jin Dong 29 5,089. 66 3, 465, 890 1,861.69 0.34 0. 359
Yeong San| Ma Reug 27 441.96 62,694.5 250. 39 0.57 0. 822
River Na Ju 25 1,113.56 274,815.0 524,23 0.47 0. 800
Seom Jin | ap Nog { 26 ! 2,211.54 1,342,270 1,158.56 0.52 0. 344

River |
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'3) Pearson type ¥ distribution
4) Log Pearson type J distribution
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Table-3. Evaluation of parameters for different frequency distribution

3 P.L.N. Type 1
River Station .
By oy a a B
Jeong Sun 6. 2408 0. 4661 —72.48 0. 00455 373.66
Han River | Yeo Ju 9. 0637 0. 3843 -3,477.00 0. 00035 4,149. 50
Kwang Jang 10. 0443 0.3351 | —14,020.00 0. 00015 6, 546. 80
Geum Seog Hwa 18.1801 0.1863 —2,5%96.10 0.001879 728, 60
River Gyu Am 8. 2209 0. 3874 —1,619.20 0. 000795 1,662.90
Im Ha 7.9349 0.1204 -—2,226,1Q 0. 003774 434,15
Nak Dong | Dog San 9. 0889 0.1837 | —6,207.80 0. 000769 2,048,70
River Wae Gwan 9.1617 0. 2266 -6, 637,90 0. 000572 2,125.70
Jin Dong 9.5974 0. 1250 -9,751. 40 0. 000689 4,251.90
Yeong San| Ma Reug 6. 7491 0.2770 ~444,76 0. 005122 329.29
River Na Ju 7.5107 0.2714 —782,56 0. 002447 877.66
Seom Jin | Ab Nog 9.1305 | 0,129 | —7,095.80 | o.oon0s [ 1,686.90
P.T. 1 L.P.T. X
River Station
a f B 7 a ’ B I 7
Jeong Sun 325.00 0.7521 256.10 0. 2596 5.1779 4.7210
Han River | Yeo Ju 3,379.70 1.2040 1,749.10 0.1018 38.63%90 4.5527
Kwang Jang| 6,886.00 1. 4966 31.88 0. 2079 18.7680 4, 9993
Geum Seog Hwa 265. 64 6. 6010 -—71’7. 80 0. 1559 24,2740 2.9067
River Gyu Am 1,400.10 1. 3267 531.10 0. 0282 564, 50 —8.3430
Im Ha 95.48 12,67 —622,29 0. 69444 1.2652 5.2745
Nak Dong | Dog San 794.84 4. 41 —704.17 0. 30210 5. 2481 6. 1554
River Wae Gwan 1,296.70 2.99 —747.01 0. 60849 2. 3453 6. 3035
Jin Dong 480. 57 15.01 —2,122.3 0.37132 1. 3908 8, 0511
Yeong San| Ma Reug 151.73 2,7233 28,761 0. 3555 3.5567 4, 6441
River Na Ju 318.18 2,7146 249, 84 0.2188 5.5576 5.6834
Seom Jin ) A1 Nog 306.00 | 14.3060 | —216.98 | 0.2467 6.2479 | 5.9986

3 P.L.N. ; Three Parameter Lognormal,

5,0y : The mean and Standard deriation of In (s—a).

Type 1:Type 1 extremal, «,B: Concentration and Measure of tendency parameter. P.T.X:
Pearson Type], a,8,7, : The scale, shape and location parameter, L.P.T. [ : Log Pearson Typel.
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Table-4. Theoritical probability for Jeong sun Watershed

Class Rel. | 3 P.L.N. Typel | PT.R | LPT.Q

Class M Freq. | o Cam T Cuam. w_”—"'Cum

ark; Freq. F(x) | F(x)' F(x) ! F(x). F(x) { F(x) F(x) . F(x)
100~330 | 215] 5 0.208] 0.3150 0.315] 0.394] 0.394 0.576 0.57¢ 0. 437i 0.437
331~560 | 4451 11 0.458) 0.377] 0.692] 0.313] 0.707] 0.248 0.824 0.297, 0.734
561~790 | 75| 5 0.208) 0.189 o0.881] 0.181) 0.888 0.101] 0.925 0.118 0.852
791~1020 1 705 | 2 0.083l 0.078] 0.959, 0.074] 0.962] 0.045 0.970. 0.108 0.958
1021~1250 | 1135 0 0.000 0.030 0.989 0.028 0.990 0.020] 0.990 0,026 0.984
1251~1450 | 1365 | 1 0.042] 0.011; 1,000, 0.010; 1.000 0.010f 1.000. 0.016 1.000

Freq. : 24, Rel. Freq: 4ol =4, F(x) : $52 %4, Cum F(x): FAGEL =84,
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Table-5. X*-Test for the different distributions

T Distribution
~ 3 P.L.N. Type 1 P.T. | L.P.T.
\\\\\:\ S ype | : |
River \Statxon — X ! Test 1 Test X ‘ J x? l Test‘
Jeong Sun 3.982 | 0O 7.243. | 0 | 16.300 | N 8.351 | s
Han River Yeo Ju 8.580 | s 9.557 | S | 18.300 | N 6.951 | s
Kwang Jang | 3.804 | © 3,950 | s 4.368 | s 8114 | N
Geum River Seog Hwa 9.25 | N 8. 489 g 11.638 | N 9.589 | N
Gyu Am 7.322 | s 7.241 | 0 5.639 { O | 15475 | N
Im Ha 0.469 | 0 | 1.464 | 0 0.465 | 0 | 45.296 | N
Nak Dong Dog San 5806 g ! 10,699 | N 5671 1 s | 13075 | N
River Wae Gwan 3.554 | 0 6.346 | s 3.054 | 0 | 15212 | N
Jin Dong 1.915 1+ 0 8.666 | s 2.034 ' 0 | 26733 | N
Yeong San Ma Reug t 2.074 | 0 0.965 | 0 1139 | o 9.514 | N
River Na Ju | 6364 | s 7.031 | 0O 6.583 ! s | 10132 N
Seom Jin i |
River | AbNog | 5280 | 0o | 660 | 0| so0 | 0 | 13%5 | N

O : Non significant, § : Significant, N :

Highly significant.

— 27 —
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Table-6. Kolmogorov-Smirnov Test for the different distributions

Distribution

T 3 P.L.N Type 1 P.T.§ L.P.T. 1
L ~ B0 dest) p Test | D,(max) | Test | D, (max) | Test| D,(max) | Test
Ri - Statio a(max)| Tes a( n l "
ver ion T __| !
Jeong Sun 0.11 0 0.12 0 0.26 0 0.12 0
Han River Yeo Ju 0. 06 0 0.09 0 0. 06 0 0.19 (6]
Kwang Jang ol | o 0.18 | 0O 0.09 | o 0.18 | ©
Geum River Seog Hwa 0.17 0 0.08 0 0.16 : 0 0.16 0
Gyu Am 0.23 (o] 0.08 0 0.15 i O 0.27 S
Im Ha 0.19 0 0.08 0 0.19 0 0.17 0
Nak Dong Dog San 0.13 0 0.10 0 0.13 0 0.10 0
River Wae Gwan 0. 08 0 0. 07 0 0.08 0 0.13 0
Jin Dong 0.07 0 0.07 0 0.10 0 0.30 N
Yeong San Ma Reug 0.06 0 0. 08 0 0.12 0 0.08 0
River Na Ju 0.09 0 0.09 0 0.10 0 0.12 0
Seom Jin 1 Ab Nog | 02| o 009 | o | o2 | o | o1 | o
Table-7. Parameters for the Three Parameter Lognormal distribution
Parameters
\. ¢ 4 z 2 é 7 w by Oy
River™ Station
Jeong Sun 500.5 281.85| 0.5631] 0.4926 —72.5 1. 594.7‘1 0.4811| 6.2408; 0. 4661
Hﬁ‘g or | Yeo Ju 5,818.313,708.5 | 0.6400] 0.3989 —3,477.0| 1.2604' 0.5518] 9.0637, 0.3843
Kwang Jang| 1,033.88,424.13| 0.8149] 0.3458|—14,020.0/ 1.0782 0.5968] 10.0443 0.3361
Im Ha 587.1] 339.81| 0.5788] 0.1208] —2,226.1] 0.3632 0.8344] 7.9349; 0.1204
N]:)i(lfng Dog San 2,799.7\1,668.83] 0.5961| 0.1853] —6,207.8] 0.5622] 0.7577] 9.0889, 0.1204
River | Wae Gwan | 3,135.4{2,243.75 0.7156| 0.2296] —6,637.9] 0.7008| 0.7092] 9.1617| 0.2266
Jin Dong 5,089.7/1,861.69] 0.3658 0.1254] —9,751.4] 0.3783] 0.8284 9.5974] 0.1250
Seﬁ’i’;gg" Ab Nog } 2,207.7)1,157. 37[ 0. 5242] 0. 1244. —7,095. 8' 0. 3751’ 0. 8299’ 9. 1305[ 0.1239
4 Mean, o :Standard deviation, - 2, : Coefficient of variation of the distribution X,

z, : Coefficient of variation of the distribution (X—a), a:Lower boundary, (p—%),

7, : Coefficient of skew of the distribution X,
gy - Mean of the Logarithm of (X—a),

o) e BRE kB HEHME 94 pR
BREET KR § HEHE 2RS4 P B®E
ke REMHY  HES RN Fikd g6 £
Y 4 g€ Acz Azds AR dd9
E iR frBol whet REERSMHEe] 23d 4
e Atz o,

&) Kolmogorov-Smirnov Teste] A= % &
HHZ TH4 BRISGEHS BEAED 98
Weibull plottings}9] Foleld & BAMEE 5%

w : Coefficient of Replacement with r,,
oy : Standard deviation of logarithm of (X —a).

HEKYE sl gt DfEE Koz BET BR
Table-66) A] ¥ 3 u}8} o] Log Pearson Type§
A $RLe FEF BRI AEFIo] 47 5%
R 1% 739 FEES 2ARAE Bz E 2K
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£ BERgvsk 2ol X-TestiRol A FEatko] &
€% Three parameter lognormals} Type 1 ex-
tremal 3 & A& st RERRINE SHEE}]
2 g,
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Three parameter lognormale] ¢}o] A} General
frequency equationg
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Table-8. Frequency factors for the Three parameter lognormal distribution

Return Periods (3,,) | 2 5 10 1 20 { o | 100
Frequency factor [ 0 0.8416 1.2816 ] 1. 6449 ’ 2.0538 [ 2.3264
Table-9. y, Values according to the return periods
=== Return periods(y,,)
L — 2 5 10 20 50 100
River -~  Station T
Jeong Sun 6.2408  6.6331]  6.8382]  7.2075  7.1981]  7.3251
Han River Yeo Ju 9.0637|  9.3872]  9.5563]  9.6959  9.8531]  9.9578
Kwang Jang 10,0843 10.3272 10.4750 10.5972 10.734¢ 10.8262
Im Ha 7.9349]  8.0362]  8.08920  8.1329] 8.1822  8.2150
Nak Dong River | DO% San 9.0889  9.2435  9.3264]  9.3911]  9.4662  9.5163
Wae Gwan 9.1617|  9.3524  9.4521|  9.5344]  9.6271  9.6889
Jin Dong 9.5974  9.7026|  9.7576|  9.8030  9.8541  9.8882
“Seom Jin River Ab Nog ] 9, 1305; ?, 2348] 9.2893 9. 3343} 9, 3850{ 9.4187

Table-10. Formulas for the probable flood flow and probable flood flow according to the
return periods for the watersheds (3 P.L.N.)

Unit ; Cms
Return Periods (y,,)
River Station Formula (X;)

2 5|1o|20|50 100
Jeong Sun —72.54¢T 440,8]  687.3] 860.3| 1,032.4] 1,264.4] 1,445. 4
Han River Yeo Ju —3,477.04'T | 5,159.0/ 8,458.310,656. 012, 773. 815, 539. 817, 638.7
Kwang Jang| —14,020.0+e>T | 9,004.2{16,532. 421, 398. 9|26, 002. 631, 897. 4{36, 302. 1
Im Ha —2,226.14-€7T 567.0] 864.7} 1,033.0) 1,178.4 1,350.4] 1,469.9
Nak Dong Dog San —6,207.8409T | 2,648, 6| 4,129.41 5,022, 8] 5,733.5 6,707.9| 6,941. 4
River Wae Gwan —6,637.9409T | 2,963.8| 4,888.6] 6,097.0| 7,189. 4] 8,532.5] 9,499.6
Jin Dong —9,751. 446" | 4,975.0; 6,608.7| 7,533.7) 8,336.5| 9,284.8] 9,945.2
Seﬁ‘i“ve{m Ab Nog —7,095. 84677 i 2,136. 8] 3,151.8| 3,725, 8( 4,223. 9| 4,812, 6l 5,220.8

—2 9 —
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Fig. 1. Probable flood flows according to
return periods at Ab Nog Watershed
in Seom Jin river system
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ﬂ’=m§1 ﬁm/n : (7)
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a=gy/0 9
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b "ok, webA Type 1 I 220 4§95

Table-11. Parameters for the Type 1 Extremal distribution

Mean and Standard de-
Sample Discharges viation of Order statis-
" River Station size P (cms) tics for various sample-
1) size
7 | e tty ’ ay
Geum River Seog Hwa ] 29 1,035.7 682.5 0.5349 1.1086
Gyu Am 29 2,388.6 1,612.7 0. 5349 1. 1086
Yeong San River Ma Reug 27 441.96 250.4 0.5331 1. 1006
Na Ju . 25 1,113.60 524.2 0.5309 1.0914
Table-12. Reduced variable, y; values acc- 9% WA E S = Table-11s+ 2] Fa .

ording to the return periods

Return Period (y,,) | Reduced Variable, yp
2 0. 3665
5 1. 4999
10 2.2504
20 2.9702
50 3.9019
100 4. 6001

=5 BREAER d@49F Irel g2 Table-129
&t

4 U4 A=AF,
24,

Kz g% A 13)e]

— yn—l‘y
K= o 13

Bty gie =27 2 A7) G
A g T8 Aste Table-135 7+,
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Table-13. Frequency factors for the Type 1 extremal distribution according to the return

periods

Sample size

Return Periods (y,,)

) 2 ! 5 10 { 20 50 100

25 —0.1506 0.8879 1.5754 2.2350 3, 0886 3.7284
27 —0.1514 0.8784 1.5603 2.2143 3.0609 3. 6953
29 —0.1519 0.8705 1.5474 2.1967 3.0372 3. 6670

Table-14. Formulas for the probable flood

flow and probable flood flow according to the

BT

return periods (Type 1 Extremal distribution) Unit ; cms
Return Periods (y,,)
River Station Formula (X7)
4 2‘5!10(20!50[100
| | |
Geum River | Seog Hwa 1,035.74-682.5K |  932.0| 1,629.8 2,091.8 2,534.9 3,108.65 3,538.4
Gyu Am 2,388.6+1,612.7K | 2,143.6) 3,792.5] 4,884.1| 5,931.2| 7,286.7] 8,302. 4
Yeong San | Ma Reug 441.964250.4K | 404,00 661.9 832, 7| 996. 41 1,208.4] 1,367.3
River Na Ju 1,113.604524. 2K | 1,034.7) 1,579.0) 1,939. 4 2,285.2' 2,732.6 3,068.0
1S4 i T T T T ey
¢ L 4 Gyu Am : 470
T 1 ° Seok Hwa %
o g 5
N _ é: f
cor ] H
ZJ‘.,‘L\E } s :
0 T T :{
L i

o

340

Pl
Reium paricids, Ty

gt

Fig. 2. Probable flood flows according to
the return periods at Gyu Am and
Seok Hwa Watershed in Geum river
system
2) REHAEE EKELER FH R JEHREE
gk ik
RS HABEe o8 f=3 Type | ®ES
o K D RHEAES BRKBHFER FEERS
RETEER SkRe 7% A Table-14s} 7z
7 KRR E BEMERTS (FHE A4 Fig. 2
% Fig. 33 o},
Ch fEREBe2t BAOKRIS! MR
1) BAHE 9 FAEQPHS £RESY A
¥4
=8 kFIMEDY BRI o1 A HEtikEe

Retuirr penads, Tiyears)

Fig. 3. Probable flood flows according to
the return periods at Na Ju and Ma
Reug Watershed in Yeong San river
system
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2

P(x>Q)=1—e""T (18)

A KIEGE A mAg & Hao BAW®
BE FFENBBY mede] o8 vehd £ gl
b7t A7) xRtk Fe go] Y FEojd xnc}
AV 22 Fo G BES 1—po o,

Bernoullig# o] odld a7} nle] A =olA rdd
ZAV BAY AL “IEEMY BEAA r+14
A EHA AL Ao,

20 m )= (Y= 0" (16)
1% fAE Hhoz JRMKE o= ¥ N9
F7 22A% pd) HEE HE miA 279 3

+ A9 wEe

pLo0 N=1,m—13=(F)mpp-m (1~ )" (17)
SEEEFRE Y} SELERCPIETETE YL
Azstel miA 279 Fe 2dshe B B
R LE L IEL A SR TR 2
od 2R,

PN mry= [ pCpomrIpChe, N—1,m—12dp,
N I'(N—m+n—r+1)
=G (7) =Tt
(L(mtr)
WD a8
A7 A 1<m<N, 0<r<n, E LoV, mmr)=1
A A8 NAS A 71 §AF miA 2719 7
o mid ARF rd 2%HAY PALE g2
A AYEE UEhE m=10]3 r=02 B3el 4
as)e e 4 19)7F Lo,

PN L= (19)

=Y BABRESD Y94 RMayme 535
B, T7F 3718 oe4 gRaAs 329,
F 4 (15)& Seriesz B3ty 4 (20)°] €},

n{n—1) n(n—1)(n—2)
2T 317

20)
4 (200014 BEEMY HHWAWELG 2AH
WA (200 e A (21)3 o] Ep{LE

p(x>Q)=";~~

pE>Q) =7 1)
L& A QDS BEHHMC & Ad mEe A
S GliEEe 9% Al o, DkdAd d3=
AF=4 (15)(19) R QDA A ¢ FHRHM, 1004
Aol o] EE e 22 Fig. 49 2o},
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1

1(\,{

0.001 et —— S—
0.0 0.1 1.0 n L‘,m

- . TON.
Fig. 4. Comparison among the risk curves
based on the different approaches

(T=100y,,)

Table-15. Frequency factors according to return Period (Three parameter lognormal)

Return Period, y,,
Rivers Stations - i
- 2 5 10 20 ' 50 100
Jeong Sun —0.2118 0. 6628 1. 2766 1.8872 2.7103 3.3525
Han River | Yeo Ju —0.1780 0.7110 1. 3028 1.8741 2. 6200 3, 1861
Kwang Jang] —0.1583 0.7353 1.3130 1.8595 2,5592 3.0821
Im Ha —0. 0591 0.8170 .'I .3123 1.7408 2.2469 2.5980
Nak Dong | Dog San —0. 0905 0.7968 1.3321 1.7580 2.3419 2.7395
River Wae Gwan —0.0765 0.7814 1.3199 1. 8068 2. 4054 2.8364
Jin Dong —0.0616 0. 8159 1.3128 1.7440 2.2534 2. 6081
Seom Jin i
River Ab Nog —0.0613 | 0 8157 1.3117 1.7421 2.2507 2.6034
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Table-16. Frequency factors according to return period (Type 1 Extremal)

i Return Period, y,,
Rivers Stations - ; s

2 | 5 10 ] 0| 50 | 100

o | .
a| — | 7 . . . 3. 6685

Geum River | S¢08 Hwa C.1519 | 0.8705 1. 3474 2.1966 3.0370 6
Gyu Am —0.1520 | 0.8710 1.5480 2.1967 3.0372 3. 6670
Yeong San | Ma Reug | —0.1516 |  0.8784 1. 5605 2.2142 3. 0609 3. 6954
River Na Ju —0.1505 0. 8878 1.5754 3. 2350 3.0885 3.7283

2) FERNKS BERAMTY MR

Three parameter lognormals}t Type 1 E{EA A
o 9§ WeHEKES A (224 94 HERBEM
2 FEREBE T3 A} Table-15 9 Table-16
= gm EAFE REITY Q5 R ST TER
ol el fEET BRE Fig. 53 2

K’'=(Xy—p)/a (22)

TYTTT TITiTITnT T T 1T

Fo— i Ha

TTTTT
Thiree Parametsr lognonnad)

1, === Gyu AmType | Extremal) ~

Frequency factur, K
. o .

L it
30040 =) 100

lllllll‘lllll Il 1 1

1
4 0 [
Return periods, T{yrs}

Fig. 5. Relationship between frequency fa-
ctor and return periods at Im Ha
watershed along Nak Dong River
;r_ld Gyu Am watershed along Geum

iver

Table-17. Formulas for the return periods
Concerned with frequency factor
(Three parameter lognormal)

Rivers Stations Formulas
Jeong Sun 2. A707 ¢l 1941k
Han River| Yeo Ju 2. 2860¢1- 730K
Kwang Jang 2. 0784¢i-3488K1
Im Ha 1. 73261 4812k
Nak Dong | Dog San 1. 8619¢t 29567
River Wae Gwan 1. 6700¢2-4873K?
Jin Dong 1. 74191 4145K?
Seﬁr&g;r Ab Nog 1. 7392¢ 114K

Table-18. Formulas for the return periods
Concerned with frequency factor
(Type 1 Extremal)

Rivers l Stations | Formulas
Geum River| Se08 Hwa 2.1483¢™ 003K
Gyu Am 2. 1500¢ *0330K”
Yeong San { Ma Reug 2. 1451¢ -0250K”
River Na Ju 2. 1402¢% 9165K¢

Fig. 5o} 4 Bz Type 1 BESH)
o] Three parameter lognormalg3#ie] <4 3FF9d 5
o AU AR wEA dRAFY kel A
A 94¢ F don ol FE F9ddy ard
A e FEFTFY AoldA Jldse Aoz 4
g5, Table-15 % 16914 7% BEHEE A
BfRESt ool d &3t A4 ARNES &
SaFKEd o8 4RANE2A K'g d5Ede
BEPEMAFERE HKEdzE Fided = AFA:
Table-17 4 187 v},

3) BHEEEMS EBRESTY 2

oA ERgvrel Zo] IKILBHY RERE
Aol KER e HREAA o BHRYHEA AT
EHER AT WS EHI ¥Fd KX o
fAE BEHMY iz HEL Type | BiES
ol &3t FBRIMoZ AT EHREINET v
Aot =3 RUERERS] #ze 99 BEuEs
FEHT 25~29% Abolql RIS T, A R K
Wire) wh&, dFfdel g &) 1984F £
Colorado kBEfroll A HHZE:%&1TE Type 1 extre-
malfyfie] A §-51 Table-199} 2F o HAHHES
7= Colorado Rivere] Roaring Fork (A : 3,779.
7km?), Hot Sulphur Spring (A :2,024.5km?),
Gunnison Rivere] Grand Junction (A : 20, 374.
s5km?) % Missouri Rivere] Omaha (A : 835, 690.

T

-3 3 —



REBRTBek 278 FE2 % 19855 65

Table-19. Basic Statistics

. ' . Standard Coefficient of Coefficient
River ] Station ’ Mean deviation variance of skewness
Colorado River Roaring fork 10,373.7] 4, 328.21, 0. 18733 108 1. 35892
' Hot Sulpbur Spring 4,072.1]  2,325.40]  0.54075x 107 0. 44915

|
Gunnison River ’ Grand Junction, Colo. { 15, 802. 9] 7, 283.52] 0. 53050 108 } 0. 44995
Missouri River ! Omaha, Neb. Q 113,527, 0% 65,326, 705 0. 42676 % 101 \ 2. 17346
8km*) ol 4(F Frikel A ISRFEHIT T~625Q vt SRR A8, g R RLTKFR
RHA Ad433= BHE =202 HRBKS 9 utE, JFiige] Wa EiEE s Table-35
2 a3, Zeow FELd XH 4ERR g BB Y8

(1) g (Parameters)

B4E#E Table-203 7},

Table-20. Parameters and Length of records (y,,)

\\’ - St t — Parameter [ 1
ation
River\\"\\ \\ * I g 1 "
Colorado River Roaring fork ‘ 0. 0002963 8,426 52
: Hot Sulphur Spring 0. 0005515 3,026 62
Gunnison River Grand Junction, Colo. ‘ 0. 0001761 ‘ 12,525 1 49
Missouri River Omaha, Neb. ; 0. 0000194 ; 84,130 i a7
2 EREES EAUERAE 2 ARES o] Hr}, o] 24 ?Eﬁﬂ REERASEE 4 @3)
A . .
Ml A @GR FY T %3 4 (23)9]
24 F . F
T=[1—exp{—exp(—$} ]~ @3
234 J=alz—p)dA
x=ﬂ+75’ ¢2Y)
dekd 4 OE ded 2o HEEARAeE 4
®d 4 9
x=A+Bs (25)

=g wEsse Ast B EE, A9 Be g9
4 @)% @nd A8 FE F ek

s S, t
B=B+ S, ‘\/;l_—:éa (25)
A=I—By @n

AANA S, Sy B %, yo] dE BHEEECH
1= HEHE n—24049 95% EERRAA A% Stu-
dent—t grolth, 4] (25)d] oA Jo H BEY
™

Kt

Y= B (28)

o o8 el A (207 A

A S

e HREAREC RHD ERE%), R 3%
ol E#A T,

R= T}T' X 100 (30)
RS G A & HgdE TR TH T
R AsE Table-21 @ 228 %o,
0.5¢ . - ,

0.4

T=50yrs

O | S ] 1 L
20 30 40 50
n, Length of Records

jo))
<

Fig. 6. Relationship between the risk and
the length of records
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Table-21. Evaluation of T,T' and R according to the length of records, n (Korea)

Gyu Am, n=29 Seog Hwa, n=29 Ma Reug, n=27 Na Ju, n=25
T | T [Re| T K R | T [ T | R(%) | T | T | R(%)
20 17.9 10.5 20 18.0 10.0 20 17.0 15.0 20 18.0 10.0
30 24,0 20..0 30 24,2 19.3 30 23.8 20.7 30 23.8 20.7
40 29.2 27.0 40 29.4 26.5 40 29.4 26.5 40 28,6 28.5
50 33.4 33.2 50 34,5 31.0 50 34.5 31.0 50 33.9 32.2
60 38.5 35.8 60 40.0 33.3 60 38.5 35.8 40 39.0 1 35.0

Table-22. Evaluation of T,T’ and R accor

ding to the length of records, n (U.S.A.)

_ Grand Junction, Colo, Roaring fork, Colo. Hot Sulphur Spring
Omaha, Nebr, n=37 n=49 n=52" Colo. n=62
T | T [ R%) | T | T |[RG) | T ] T | R | T | ™ | R(%)
20 | 19.2 | 4.0 20 ’ 1.2 | 9.0 20 | 18.9 | 5.5 20 | 182 | 9.0
30 | 23.8 | 20.6 30 | 25.0 | 16.7 30 | 25.0 | 16.7 30 | 25.0 | 16.7
40 | 29.4 | 26.5 40 | 30.3 | 24.3 40 | 3.3 | 217 40 | 3.9 | 20.3
50 | 38.5 | 23.0 50 | 37.0 | 26.0 50 | 37.6 | 24.8 50 | 38.5 | 23.0
60 | 40.0 | 33.3 60 | 41.7 | 30.5 60 | 43.5 | 27.5 60 | 43.5 | 27.5
Table-21 2 93 B&AEY . R60
et A2zl AT IPAREES gy mwE 60nS BREL b2 0,600 2

A= AAE A¥HA ez FRRE o F
84 F9o) A% MWL 20, 50 HEHEERS
A¥ =3t AAE 29 AFe Fig. 63 2o},
Fig. 6o 4 myuis o] el BREEIL A
A% J¥EE F2IH 22 FHAdFAA
E R85l ARFF Y= A d& F
A, =Y BEHE 20F0 49 HRER 3044

BEYRE 5049 mBREL
BHAM 505247 20440

ERE vdedz gt

R60

—_——O

R30 ™
HE T g2 Rl

1) BEEHES 2T kY RHEERE 2

TPk &

REMROHNS RAERMMS 225 ®iT

Table-23. Formulas for design frequency factor according to risk levels

w Design frequency factor
Rivers Risk Level " R
& stations — | 2% 5% 8 %
Jeong Sun | 0.9052(In 20.0369T) | 0.9052(In 7.8927T) | 0.9052(In 4.8530T)
Han River Yeo Ju 0.8525(In 21.6450T) | 0.8525(In 8.5251T) | 0.8525(In 5.2466T)
Kwang Jang | 0.8007(ln 23.8186T) | 0.8007(In 9.3791T) | 0.8007(In 5.7690T)
Geum River Seog Hwa | 0.9685(In 23.0436T) | 0.9685(In 9.0744T) | 0.9685(In 5.5800T)
Gyu Am 0.9690(In 23.0440T) | 0.9690(In 9.0750T) | 0.9690(In 5.5813T)
Im Ha 0.6752(In 28.5722T) | 0.6752(In 11.2509T) | 0.6752(In 6.9024T)
Nak Dong River| DOE San 0.7166(In 26.5887T) | 0.7166(In 10.4696T) | 0.7166(ln 6. 4400T)
Wae Gwan | 0.6957(In 29.6437T) | 0.6957(In 11.6726T) | 0.6957(In 7.1798T)
Jin Dong 0.6782(In 28.4204T) |- 0.6782(In 11.1908T) | 0.6782(In 6.8837T)
Yeong San River | M2 Reug 0.9756(In 23.0782T) | 0.9756(In 9.0876T) | 0.9756(In 5.5897T)
Na Ju 0.9838(In 23.1310T) | 0.9838(In 9.1083T) | 0.9838(In 5.6026T)
Seom Jin River | Ab Nog | 0.6769(ln 28.4641T) | 0.6769(In 11.2081T) | 0.6769(In 6.8942T)
! )i
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Fig. 7. Design frequency factor according
to risk levels at Jeong Sun along

Han River
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Fig. 8. Design frequency factor according
to risk levels at Seog Hwa along
Geum River
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Fig. 9. Design frequency factor according
to risk levels at Im Ha along Nak
Dong River
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