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Summary

Design low flows were derived from the decision of a best fitting probability distribution
and of an optimum transformation method can be contributed to the planning of water utiliza-
tion and management of various hydraulic structures during dry season in the main river
systems in Korea.

The results were analyzed and summarized as follows.

1. Basic statistics for the selected watersheds were calculated as one of means for the
analysis of extremal distribution.

2. Parameters for the different frequency distributions were calculated by the method
of moment.

3. Type I extremal distribution was confirmed as a best one among others for the freque-
ncy distribution of the low flows by x2 goodness of fit test.

4. Formulas for the design low flows of the Type Il extremal distribution with two and
three parameters were dervied for the selected watersheds.

5. Design low flows for the Type Il extremal distribution when a minimum drought is
zero or larger than zero were derived for the selected watersheds, respectively.

6. Design low flows of the Type III extremal distribution with two parameters are appeared
to be reasonable when a minimum drought approaches to zero and the observed low flows
varied within a relating small range while those with three parameters are seemed to be
consistent with the probability distribution of low flows when a minimum drought is larger

than zero and the observed low flows showed a wide range.
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Table-1. Gauging watershed and watershed characteristics

Length of Average
River Watershed Area main stream | basin Shape | Obs. Location
(km?) . factor | years
(km) width(km)
Geum Gyu Am 8273 339.2 2448 0.07 28 Long. 126°53'36"
River Lati. 36°16'17"
Og Cheon 2943 169.3 17.38 0.10 16 Long. 127°39'08"
Lati. 36°16'16"
Nag Dong | Jeong Am | 2990 166.5 17.96 0.11 18 Long. 128°17'
River River Lati. 35°19
Yeong san | Na Ju 2060 75.1 2743 0.37 25 Long. 126°44'05"
River Lati. 35°01'53"
Ma Reuk 684 56.0 12.21 0.22 25 Long. 126°49'56"
Lati. 35°08'16"
_ Onx—pR Y . Location parameter
P(x) -1 e 2% 4) Log Pearson %! 43 #i(Log Pearson Type
ch\/ﬁ II Distribution)
P(x) : Probability density function

My Oy - The mean and standard deviation of
the natural logarithms of x
2) 3BEHBIES 5 4i(Three Parameter
Lognormal Distribution)

[In(x—a) —pyJ2

1 2a%

P(x)=—=
¥ (x—a) oy 2n ¢
P(x) : Probability density function

Hys cyz : The form and scale parameter to be
the mean and variance of the natural
logarithms of (x—a)

a . The lower boundary

3) 34548 K% A (Type I Extremal Dis-

tribution)

a {x—y }a*l —{ =

By By ¢

P(x)=

P(x) : Probability density function
a ' Scale parameter

B : Shape parameter

1 {ln x—y}‘%l _{li?}

o= axT(B) a ¢

P(x) : Probability density function

a . Scale parameter

B . Shape parameter

Y : Location parameter

I'(B) : Gamma function(B)

L, BEXHEHE

Himft) HRSAME BRE AT EAHEE
24 FHEE), 58(SD, EHERES), &
A RE(C) 2 SEtRE(C,) %S 2 WK
A2 T8 BRE oheel Table-29) 2o,

Table-201 A B vl o] EH#(RXE, S&
1.78~8.04, EfERE, Co 7EfFH, C o
#% 0299~2.269 H 0.367~0.6522] &WEE |}
EREEEY

Ch HERSHRY EN B (Parameter)

% KRE BRFRE) S BKESY FE
S RES A3 K HHrol A= §idd Two

parameter lognormal, Three parameter lognor-
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Table-2. Basic statistics for the applied watersheds

River Watershed N X §? S C. C,
Geum River Gyu Am 28 21.05 64.71 - 8.04 0.442 0.382
Og Cheon 16 9.50 12.14 348 0.299 0.367
Nag Dong River Jeong Am 18 522 6.12 247 0411 0474
Yeong San River Na Ju 25 491 10.23 3.20 2.269 0.652
Ma Reuk 25 3.13 3.15 1.78 0.855 0.567
mal, Type Il extremal ¥ Log Pearson Type FBEMGES & piky) SR 93 RS
M AR BT 4f WRHSTER 2 TemeA BES BRSNS BET 5 9
B HAEHEY %S EWE #(Method of = ERy ko) 9o} o)ald Hike IEHSH

Moment) ol {&igsle] F3 #5HEE Table-33%
2,
2, EERSHE BEEE T (Goodness of

Fit Test)

g o] '@%3}1] gore K HidiMde B
Hol Eo &2 #wel o8 2 SHED HaE
ﬁi(Goodness of fit test)S RITEEZEA o]
o] WA BEE HHISAT > (Table-4.

THA AME RS MR ] s B2iR)
RIESHES P HHRA B8 B olgel & HAE FRolA R WE i
Table-3. Parameters calculated from different probability distributions
Two Parameter] Three parameter Type I Log Pearson
Watershed lognormal lognormal extremal type 1
My Oy My o’ a B Y a B Y
Gyu Am 21.05 8.04 21.05 64.71 2.39 23.32 3.32| 0.0017 4607.7 | —74.79
Og Cheon 9.50 | 348 9.50 12.14 2.74 | 1056 0.94| 0.0064 28156 | —15.98
Jeong Am 5.22 247 522 6.12 248 593 | —0.35{ 0.010 17719 | —16.71
Na Ju 491 | 048 4.92 10.26 0.97 4.88 1.86| 0.0079 |. 53358 | —40.93
Ma Reuk 0.97 0.63 321 2.88 1.78 3.50 0.14| 0.0012 |. 17319 | —2031
Table-4. x* test for four probability distributions
River Watershed 2P.L.N. 3P.L.N. Type I ext. LP.TIO
% Test x Test x Test x? Test
. Gyu Am 5.867 0 3.620 0 2.599 0 18.270 N
Geum River |5 Cheon | 2841 | O 1945 | O 2298 | O | 20350 | N
Nag Dong River |Jeong Am | 9.568 N 20.651 N 9.205 0] 32.760 N
. Na Ju 53.450 N 21.305 N 16.505 0 31.340 N
Yeong SanRiver |\ i Reuk | 1380 | O |34870| N | 2100| O |37380| N
O: HEK#E 5% LA N:FEK#E 1% Lk

2P.L.N. ! Two parameter lognormal distribution
3P.L.N. ! Three parameter lognormal distribution
Type I ext. : Type I extremal distribution
L.P.T.I0 : Log Pearson Typell distribution
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Table-5. F(x), T(x) and y' for the Type Il extremal distributions

F(x) T(x) y’ F(x) T(x) y F(x) T(x) y
0.0005 1.000 2.03 0.40 1.667 —0.09 0.95 20.00 —2.97
0.001 1.001 1.93 0.50 2.000 —-0.37 0.98 50.00 —3.90
0.01 1.010 1.53 0.60 2.500 —0.67 0.99 100.00 —4.60
0.10 1.111 0.83 0.70 3.330 —1.03 0.995 200.00 —5.27
0.20 1.250 0.47 0.80 5.000 —1.50 0.999 1,000.00 —691
0.03 1429 0.19 0.90 10.000 —2.25 0.9999 10,000.00 —9.20

Table-6. Design low flows for the different return periods(y=0) unit . cms

River Watershed | Formula(Mry) M. M; Mo Moo Mso Mg
Geum Gyu Am 23.65 %3 20.73 13.78 10.52 8.12 5.80 451
River Og Cheon | 1065 €% 937 | 630 | 484 | 377 | 272 | 213
Nag Dong | 1 ng Am | 587 e 498 | 209 | 213 | 154 | 102 | o7
River

Yeong San | Na Ju 547 "% 4.34 213 1.33 0.84 047 0.30
River Ma Reuk 352 %Y 2.88 1.54 1.02 0.69 041 0.28

y=In[—In(1-1/T)]
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Fig. 1. Densign low flows at Gyu Am water-

shed in the Geum rive
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shed in the Geum river.
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Table-7. Design low flows for the different return periods (y > 0) unit ; cms

River Watershed | Formula(Mry) M, Ms Mo My Mso Moo
Geum Gyu Am 542+17.64 e 20.16 13.88 11.28 9.54 8.03 727
River Og Cheon | 3.29+6.99 "% 9.05 6.45 541 4.74 417 3.90
Nag Dong ,

. Jeong Am | 2.11+3.31 "8 4.57 3.09 2.64 241 2.25 2.19
River
Yeong San | Na Ju 2.24+ 259 el 3.99 2.76 247 2.35 228 2.26
River Ma Reuk 0.04+347 % 2.87 1.54 1.02 0.70 043 0.30

y=In[—In(1—1/D]
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Fig. 3. Design low flows at Jeong Am water-
shed in the Nag Dong river
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Fig. 5. Design low flows at Ma Reuk water-
shed in the Yeong San River
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