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Summary

The purpose of this thesis is to derive a unit hydrograph which may be app-
lied to the ungaged watershed area from the relations between directly measu-
rable unitgraph properties such: as peak discharge(q,,); time to peak discharge
(T5), and lag time (L;) and watershed characteristics such as river length(L)
from the given station to the upstream limits of the watershed area in km,
river length from station to centroid of gravity of the watershed area in im
(L.;), and main stream slope in meter per km (S). Other procedure based
on routing a time-area diagram through catchment storage named Instantaneous
Unit Hydrograph(IUH). Dimensionless unitgraph also analysed in brief.

The basic data (1969 to 1973) used in these studies are 9 recording level
gages and rating curves, 4] rain gages and pluviographs, and 40 observed
unitgraphs through the 9 sub watersheds in Nak Dong River basin. The
results summarized in these studies are as follows; A
1. Time in hour from start of rise to peak rate (T;) generally occured at

the position of Q, 37, (time base of hydrograph) with “some indication of

higher values for larger watershed. The base flow is comparelat:vely higher
than the other small watershed area.

2. Te losses from rainfall were divided into initial ioss and continuing loss.
Initial loss may be defined as that portion of storm rainfall which is inte-
rcepted by vegetation, held in deppression storage or infiltrated at a high
rate early in the storm and continuing loss is defined as the loss which
continues at a constant rate throughout the duration of the storm after the
initial loss has been satisfied. Tis continuing loss approximates the nearly
constant rate of infiltration  (@-index method). The loss rate from this
analysis was estimated 50 per cent to the rainfall excess approximately
during the surface runoff occured.

3. Stream slope seems approximate, as is usual, to consider the mainstream
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only, not giving any specific consideration to tributary. It is desirable to
develop a single measure of slope that is representative of the whole
stream. The mean slope of channel increment in 1 meter per 200 meters and
1 meter per 1400 meters were defined at Gazang and Jindong respectively.
It is considered that the slopes are low slightly in the light of other river
studies. Flood com_:entra'tion rate might slightly be low in the Nak Dong
river basin. ‘

4, It found that the watershed lag (L, hrs) could be expressed by Lg=0.253
(L.L, )4 The product L.L,, is a measure of the size and shape of
the watershed. For the logarithms, the correlation coefficient for L, was
0.97 which defined that L, is closely related with the watershed charact-
eristics, L and L_,.

5. Expression for basin might be expected to take form containing theslope

L.L,

WA

for Ly was 0,97 which defined that L, is closely related with the basin

characteristics too. It should be needed to take care of analysis which
relating to the mean slopes ’

[/
as Lg=0, 545( ) “ For thelogarithms, the correlation coefficient

6. Peak discharge per unit area of unitgraph for standard duration tr, m3/sec
/km?, was given by gp=,,705270-0184L¢ with a indication of lower values
for watershed contrary to the higher lag time. For the logarithms, the
correlation coefficient g, was 0,998 which defined high sign ificance. The
peak discharge of the unitgraph for an area could therefore be expected to
take the from @p,=g,. A(m?3/sec).

7. Using the unitgraph parameter L., the base length of the unitgraph, in
days, was adopted as T;=0,73+2. 073( é‘:

with high significant corre-

lation coefficient,‘o_ 92, The constant of the above equation are fixed by
the procedure used to separate base flow from direct runoff.

8. The width W, of the unitgraph at discharge equal to 75 per cent of the_
peak discharge, in hours and the width Wy, at discharge equal to 50 per

1.61
PRES

and W50=Tz'—fo—5- respectively.,  This provides supplementary guide for
»

cent of the peak discharge in hours, can be estimated from W=

sketching the unitgraph. _

9. Above équations define the three factors necessary to construct the uni-
tgraph for duration tr. For the duration tp, the lag is Lyp=L¢+0,2(tg—
tr) and this modified lag, L.zis used in ¢, and T, It the tr happens to
be equal to or close to R, further assume ¢pr=gp-.

10, Triangular hydrograph is a dimensionless unitgraph prepared from the

K.A.Q 0.21 A.Q

40 unitgraphs. The equation is shown as ¢,= T, or gp= T,
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The constant 0,21 is defined to Nak Dong River basin.
11. The base length of the time-area diagram for the IUH routing is C=0.9

LL,
< v s

)1/3' Correlation coefficient for C was (0,983 which defined a

high significance. The base length of the T-AD was set to' equal the time
from the midpoint of rain fall excess to the point of contraflexure. The

constant K, derived in this studies i is K= 8 32+o 0213

tion coeff1c1ent 0.964.

\/% with correla-

12. In the light of the results analysed in these studies, average errors in
the peak discharge of the Synthetic unitgraph, Triangular unitgraph, and
IUH were estimated as 2.2, 7.7 and 6,4 per cent respectively to the péak
of observed average unitgraph. Each ordinate of the Synthetic unitgraph
was approached closely to the observed one.
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Fig. 1. Rainfall and River Obseriving
Networks Nakdong River Basin
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BEBTEA HI7E B 1W 1975. 3. 30
A%l A4 YL BEHAE AL A B AL T 49 ol® Kl HRA
ol FRUEGEERY A RREmESE 4 7 £59 FWE sHlt FMEAH(Temporal

!

N

Table 4, Basic data available and Characterstiics of Average Unitgraph
Sub Sub Area | Hydrograph] Observed unitgraph
W i Date . ; 0, T T, 1 I, 1 15 Lg Remarks
atershed | No. (km?)| Qp(m?/s) (m®/s)| (hrs) | (hrs) (hrS)%(hl‘S)
yean ® |1969.7.17~18 11329.2 242,00 266.3 - of 26| 35 7.9
@ | 1969.7.30~8.1 462.0/ 291.5 12| 18 30, 10.9
® |1970.9.9~11 488.0 228. 1 o9f 220 3| 67
® | 1971.7.26~27 408.0/ 282.0 10| 20| 30 6.5
® |1971.8.6~7 492.0, 33,3 10, 20, 30 6.6
| © [1970.7.4~6 820.0158.2) 16| - 35 51| 8.6 omitted from
| Mean 281,00 10| 21.2| 3.2 7.9 tr=3hrs
Imha - @ | 1969.7.30~8.1 1360. 5 1210.0} 316.7 8l 20 28| .8
@ | 1970.9.9~11 1230.0 243.6 9 24f 33 57
@ | 1972.4.19~21 " .630.0) 302.5 9 - 24 33 7.0
@ |1972.8.19~20 2466.0 312.2 10, 23 33 7.4
® |1970.7.4~6 2410.0 2517 13 27, 40 8.5 omitted from
Mean 293.81 9 22.8 31.8 7.1} tr=>3hrs
lan @ |1969.7.16~17 | 189.9 78.0] 40.9 o 220 31| 6.9
@ |1969.7.30~8.1 222.0 61.5! 71 2 28 5.6
® | 1969.9.24~25 128.0 34.7{' 10| 24 34 6.4
® |1970.9.9~11 : 164.00 37.7] ol 250 34 &5
® |1971.6.27~29 140.0/ 49,7 g .~ 200 28 4.1
® | 1971.8.30~7.1 344.0 47.41 10| 26| 36l 4.1
Mean » 452 8.8 23.00 31.8 5.6 tr=2hrs
Gazang | @ | 1969.7.30~31 | 149.4 92.0] 48.4 71 18 250 6.3
@ | 197051012 23.2] 23.7 729 3¢ 62
® |1971.8.5~7 20,7 14.1 26| 34| 5.4 ?ﬁ‘tgfax;’&“
Mean 40.1) 7.3 23] 31.7 5.9| tr=2hrs
Changri | @ | 1969.7.8~9 924.6 599.00 206,38 10} 19 29 6.1
' @ |1969.7.19~21 ~ 530.0{ 203.30 10| 20 30 6.6
® |1969.7.30~8.1 | 1700. 0| 296. 6 ol 200 29 4.3
@ .| 1970.6.29~30 315,0] 220.7 8l 2. 29 6.9
® | 1970.7.4~5 - 1400. 0| 207. 2 7| 200 27 3.4
® | 1971.8.10~11 : 1150. 0} 295.3 7 18l 250 5.8
L@ | 1973.4.24~25 424.0/ 206.9) ot 19 28 7.6
|Mean 226.0, 8.6 19.6; 28.1 5.8 tr=2hrs
Dongchon§ @ |1969.7.31~8.1 [1543.9 8100 389.6] 10/ 23] 33 9.4
L @ | 1970.9.10~11 841.0 306.6, 13 26| 39| 9.7
I @ |1972.8.19~21 1995.00 36,8 22 33 8
‘. @ |1972.9.14~15 | 740,01 304.6) 12 23 35 9.2
\ ® | 1973.8.3~4 . 680.0| 375.00 10 23 W\ 7.6
| ® |1978.9.9~M 315.0 288.8) 11 255 36 10.0
| Mean| 338.6) 1.2 23.7 34.8 9.0 tr=3hrs
Ilsungyo ‘ 0 [1%9.7.31%.2{9501.7{ 2756, 01137. 5 22[ 33 55‘0[ 20.8 tr=ohrs
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754.0.

Weagwan | @ 1970. 8. 6~10 11074, 4 4184.0 36 55 911 32.7
@] 1970.9.9~13 3924. 0| 785. 8t 38 52 : 90f 33.2
® 1972.8.19~23 6300.0| 851.8 34 49 83 32.4

Mean 797.2 34 52,0 87} 32.8/ tr=12hrs
Jindong @ 1969.9. 14~-21 20311, 3 5665, 0| 604, 2 60 94 154 50.2
@ |1972.3.30~4.3 : 4036. 0| 943.6 46 63| 109| 48.6
@ 1972.8.19~.24 6465.0( 951.1 50 76| 125 46.0

Mean 825.0 52| 77.6] 129.7| 48.3] tr=16hrs

pattern)& A47st7] ¢1sted 9 Fedol wel =g
BNE A-FA0 A g ke 4
Foll a2 AN 2 EAFEAY B
b3t &R WE 29 2ol 7+ BESMI AT
o = —% HiEE AWt gee A¥ 4 9
;]_. zovn'sn'avo‘vu'stv)(pf‘j»ﬁ 2, %5_)

2, RAENN

1 AREe BE

1969~197391 8] 5d) B 22T 9 Hi%kA
RET FEEE HEHA #EFh By RHER
£ HREAL 4 Y= HEEY HAEQ HHR
Fx 9 EHHEd ALt T Yl B2
HIIRIE LRl o=t Aer 29 AHE, HEES R
ZFoaficry Mk, A+ &9 AR, 7
23 BHEESY RRSS 25 Fastd S
St o AHFFE gAY 2L B
=9 KRMEE A—FK Lol A=l3vt Table 48 7
=}, (Table 4, 3 11, 1—2 &%)

100t
L
t qa gk
5065 £2.91605 ©91712(5:0352)

69 7.3.00 to 81 20(k=0943)
BITI210 40.718.15 (kD

30¢

n
o
o

Q
3

Discharge { misec)

© Separated Pont of Base Flow

© 5 20 25 30

Time (hr)

Fig. 2, Semilogarithmic Plotting of Rece-
ssion Analysis at Yean

&

2) ZEHH(Base flow) & “#KEH(Recession

ratio)

FHe] KA A ¢43 REEAA BEXESS &
et 4 Ge doloh VA K BT B
HAgdd A4 HEABEES FASY BHEm
KR BN BERES SARE o
e o Gl BAERE G=adks b/ L
o) eiste] AsAEt, AT AS 9= 404
FF=e) 4 0,927~0,9819 HsleH HE FFA
(B 0.947°1 917} (Fig. 2) #=2)

3) HaEH(Direct runoff)S! Kk (Loss ratey

BHRHL Q=3R, -~ AX10° 5 BHHE
2Q

ZRe=—1‘(‘)a;(i VERE 4 glom et H i)
el = —EHBKY:, —EBkE, BEgk #
LWEEHE Fo] deov ke el KRNE
i ERE M e RS BERERFS A
FEE v gl PP K HENA = —ERBXE
(R,=fRr, ®—Index A1) (kiE HEFRAKES
Addtn Rk KEEY LRHAR LEE A
Table 5, Selected Rainfall Evant at Imha.

July 30 to 31. 1969
Hour
Hourly(mm) ] Cumulative(mm)
0—1 0.6 0.6
2 12.6 13.2
3 27.4 40.6
4 4.6 45.2
5 8.5 53.7
6 19.4 73.1
7 26.3 99.4
8 9.9 ! 109.3
9 4,7 i 114.0
10 44 118, 4
n 45 | 122.9
12 0.4 | 123.3
Sum | 123.3 !

|
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REBTELE BI7E BB

o

o= AEstd HokEmd KT BRRNE
Glcp, 1505.0807-08.77100)

4) EH/EFM(Lag time)

=z 7 A} (L) & BREY BHErmel B L(Center
mass of effective rainfall) o 2 2¥] ‘m%ﬁil‘ 9&
72 B = sha e, o (Table 4
#H2) 42LNEE AFAERA A%l LT W
FMEmE, 7MY, WLE 2% 2229 &
sre o] ERF(YE) = Tables, 62 Fig3 9 KA
1% 2,

Table g, Selected Runoff Evant at Imha

’I‘fc1>tal Ballse Direct Unitgrg-lHours

Date Hour‘(m?}” (fmc,fy’ ?;B/Off ggtg)rd" after
sec)| sec) sec)!(m?®/sec) Start

July | 21 6 6| 0.0 0.0 0
30, | 22| 40 10 30 N 1
1969 | 23| 100 12 88| 23.8 2
241 225 15| 20| s56.8 3

July | 11 s80 20| 560 151.6 4
3, | 2| 920 25| 895 242.3 5
1969 1 31130 30| 1100 297.8 6
4| 1200 35| 1165 | 315.4 7

5| 1210 s nol sz 8
611190 50| 1140 308.6 9

7] 1130. 56| 1074} 29p.7 10

8 11030 62| 968} 2620 1N

L9 942 70| 872 | 236.0| 12

10| 862 80| 782| 21.7| 13

1| o782 90| 92| 187.3| 14

124 702 00| e02| 162.9] 15

{ 13 623 10| 53] 138.8] 16

147 5601 120 4401 1191 17

150 500 127) 373) 100.90 18

|16 437 135| 302| 8L7| 19

i 17} 3951 144 251 67.9] 20
(18] 355| 1521 203| S54.9| 2

190 325| 160] V65| 44.6] 22

20! 300! 170| 130| 35.2| 23

21| 275 75| 1w00| 271t 24

22| 250 180 700 18.9| 25

b ooal 232! 187 a7t 27 2

24| 2121 190 22 59| 27
A]‘;i'?‘! 1 0| 20| 00| 00| 2

5 FHEME U EXTRAUME
PES S @cte <+ BUBRUEERSYE &
Wi EFELEY REKERS KEAHELE &%

1975. 3. 30

A BEEY REKE RTEES
FAD HRAE HAA BEEES WES
EE +e FEE 44 e 4
Yol A2 FEE LTEKRES KT B
HA 1 HE wEel EKITHMES 22 Q/Q
T/Tp% w459k, reso(Table 7, Fig 4 32)

Table 7. Dimensionless Unitgraph
Ordinates of Nakdong River basin

2 o
o2 E

T _9 _r. 9 -
Ty Qp T Q@
0.0 0 2.1 0. 260
0.1. 0. 022 2.2 0.219
0.2 0. 063 2.3 0.181
0.3 0.123 2.4 0.149
0.4 0.216 2.5 0.122
0.5 0. 358 2.6 0. 099
0.6 0. 535 2.7 0. 080
0.7 0.731 2.8 0. 064
0.8 0. 884 2.9 0.048
0.9 0.973 3.0 0.035
1.0 1.000 3.1 0.026
1.1 . 0.968 3.2 0.019
1.2 0. 895 3.3 0.014
1.3 0. 805 3.4 0. 009
1.4 0.715 3.5 0. 006
1.5 0. 630 3.6 0.003 .
1.6 0.555 3.7 0. 001
1.7 0. 485 3.8 0. 001
1.8 0. 421 3.9 0. 000
1.9 0. 343 4.0

2.0 0. 308

LlEe At A & REEA BHE KRE wH
Q) 6,7,8,98 Hifel BET el ABHUMF
36fED o2 ol EMEY FFC BokEiEE ¥ K
TEEAA wel FAEE AU F2 KR
Z 4 Urh HEERHS KE2 EAMA KA B

COKECIA e B RN A&l ¥EIH ol

Sl & 4 il ohx @EM W
BREZ B9 Er SR 2 E24 150km’(15,
000ha) Lllel=) 7Z&Fdl Wik HE =& #T
ol Ze7t BEH AR KT Wil ®T
T Fle) W doR vRoicl B B B
Ed o] o ALt 24 3tk ¥H A
KF R A EBEDHKLS HILAA 57 50%
e 7Fez E =& TES}E 5HdE dE
+ Atk EREES 1, 000km e HERY A2
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Fig. 3, Hydfograph, Avg. Hyetograph, Mass Curve of Rainfall, July 30 to Aug. 1

1969 at Imha
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Fig. 4, Dimensionless Unit Hydrograph for
Nakdong River Basin.

Hikl A= ABE 6~104 7t BEEZ A= glor &
iRl Zol wet FEsL F-2 wiRelHs WIE
Eol AngA AAAZe) A AF: &4+ U
=, 44, K3, AFSF (9,000~20,000km?) &

FdollAde 27 FF AR AITEe] 204 2F~50417F

2 YEbd & B AdTh

2@ 9] Corps of Engineerssi 1-1-‘.3- Saluda riverg]
59 2,100km?d A 344] 7k} = A | zko] A AR A
2.2 Mop® JEF g ucte stk 71 HYgE £
4 vk, BA4Y ERA &SI AAAe] A9 2

B goks REFlE FeUoE 2MPUKEHE

OB A REHS] B2 AFE AdsA

o g REEET A4T 44 SHY
% 2% + St ERTHEES 28 ¢/, T/
Tyt wE) Bels ol goll ERA sl
WY BHEE ¥4 Tr=3Tt 3¢ ¥4 oo
HEES ool ol 4F L IFT YEE ¥4 92
RE LBWR2| To=2.6,T 0% EH
A% AWsta Yol AFAGAE I

V. AEAme o X E%

1 RSO S MW

1) HEE

Q) HII 1S F AR

WS £ FERE PokE 589 il
2 G oUW @R S5k BokEe W
shxz Rod PokIE old R @A B8R
of Pk REAE G Fohn uwRes HRS
fepk e AF o] )Y ERA WY HKA
FomA e ERESe B4 BEG GBS Jehia
glep, 1w .

FiRel ISl 438 AkEiel ol 2k @A &
a9 e HuEE Aoz eRe FENA
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s iy '
- [ Z(T/%ﬂ 1400

4 e ATt Ed wok ERY FHENE
kT 4 ek, ASHEA = FEAREAA A8
2 10~1509) 3pa T2t (Reach)& Eate ¥R
€ FESHE 3 ol AT FHEMNEAE S Fig 5%
zZt, (Fig 5 &2

(2) FEFEE AT &, fIELR)

9 FHES AFKsSe Ak Ad T Aol i

il 5& Belrh, ok kst ojfAl Wil &
of vk 38 + A e o MRS WIKE
Fol 2 feabe] WK &2 B8 dn BY
2 RSEES A-eH JERE 7 2ol slilH
-“7:-°1 = E%ﬂ“ eEEel e 2 dAle W
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ig. 5. ‘Determination of Average Slope of
Stream at Yean
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