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A Developmont of Numerical Model on the Estimation of the Log-term
Run-off for the Design of Riverheads Works

-With Special Reference to Small and Medium Sijed Catchment Areas-

& " 2
Um, Byong Hoyn

Summary

Although long-term runoff analysis is important as much as flood analysis in the design of water
works, the technological level of the former is relatively lower than that of the latter. In this respect,
the precise estimation model for the volume of successive runoff should be developed as soon as
possible. Up to now, in Korea, Gajiyama’s formula has been widely used in long-term runoff

- analysis, which has many problems in applying in real situation. On the other hand, in flood ‘analysis,
unit hydrograph method has been exclusively used.

Therefore, this study aims at trying to apply unit hydrograph method in long-term runoff analysm
for the betterment of its estimation,

Four test catchment areas were selected ; Maesan area in Namhan river as a representative area
of Han river system, Cheongju area i Musim river as one of Geum river system, Hwasun area in
Hwasun river as one of Yongsan river system, and Supyung area in Geum river as one of Nakdong
‘river system. ’

In the analysis of unit hydrograph, seperation of effectlve rainfall was carried out firstly, Consi-
dering that effective rainfall and moisture condition of catchment area are inside and outside of
a phenomenon respectively and the latter is not considered in the analysis, Initial base flow(qy)was
selected as an index of moisture condition, At the same time, basic equation(Eq.7) was established,
in which gy can take a role as a parameter in relating between cumulative rainfall(P) and cumulative
loss of rainfall(Ld).

Based on the above equation, computer program for estimation model of q,was seperately deve-
loped according to the range of qp, Developed model was applied to measured hydrographs and
hyetographs for total 10 years in 4 test areas and effective rainfall was estimated. Estimation precision
of model was checked as shown in Tab-6 and Fig.8.

In the next stage, based on the estimated effective rainfall(R) and runoff(Qd), a runoff distribution
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ratio was calculated for each test area using by computerised least square method and used in making

unit hydrographs in each test area.

Significance of induced hydrographs was tested by checking the relative errors between estimated
and measured runoff volume(Tab-9,10). According to the results, runoff estimation error by unit
hydrograph itself was merely 2 or 3%, but other 2 or 3% of error proved to be transferred error

in the seperation of effective rainfall,

In this study, special attentioning point is that, in spite of different river systems and forest con-
-ditions of test areas, standardized unit hydrographs for them have very similar curve shape, which
can be explained by having similar catchment characteristics such as stream length, catchment area,
slope, and vegetation intensity. That fact should be treated as important factor ingeneralization

of unit hydrograph method.
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Fig. 1. Schematic Map of Cheung-Ju Catchment
area
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Fig. 2. Schematic Map of Hwa-Sun Catchment
area
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Fig. 3. Schematic Map of Su-Pyung Catchment
area
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Fig. 4. Schematic Map of Mae-San Catchment
area
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Table-1. Area ratio of Thiessen’s Polygon (W-Values)

Ob. i
Catchment area Total Area (km®) senfatlon Area (km?) Area ratio
) station
Cheung-Ju 88. 0 Go-Eun 88. 00 1. 000
Hwa-Sun 78. 30 0. 803
Hwa-S .
wa-Sun 97.5 Dong-Bok 19. 20 0. 197
Dong-No 66. 93 0. 780
Su-P 85. 8 -
b-Tyung S Su-Pyung 18. 87 0. 220
Neung-Guk 28.75 0. 235
Mae-S 122. 5 ‘
ae-san Won-Sam 93.75 0. 765
Table-2. Rating Curve Equation
Observation Station Rating Curve Equation Remark
Go-Eun Q =107.0852 - H2—176. 3602 - H +72. 6126 1.0 £H<1. 60M
Hwa-Sun Q =135.3383 - H2—127. 3264 + H +29. 9472 0.50=H <0. 70M
Q =406. 0269 - H*—481. 3039 - H +42. 6343 0.70sH<1.0 M
Su-Pyung Q =374. 6160 - H*—618. 7252 - H +255. 4755 0.83=H<1.2 M
Mae-San Q= 496019 - H2— 3.9179 - H+ 0.0774 0.04=H<0.6 M
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Qr (mm) = q e864 X 105/A 108 +-eonreerrecenriennen (2)
OE MU © Qr (mm) =0.9818181- g +++evo-- 3
ORINAMIE © Qr (mm) =0.8861538¢« q +++-++-v---- (4)
OAFWLE © Qr (mm) =1.006993 - g «-+o---eoe- (5)
ORI | Qr (mm) =0.705306 + g --+-=eeeee- (6)

5. BRHiNR WEAHR) HEED
BilNAE22. 239,24, 30).

Wik ) IRRES BE A RH 8 93ko
TRIEBESL g & ofel (Table-3) 2} 7Ho] 4Casez
ESrstel Bkl 2 shoch BD $5EE S HUEF ol
w2} BKR e s@onel & WS BB
tEe ERE REFEE —KkEIFESToR #
BN FHI 2 et 2w —xEIHR
£HY AR EE Matrix Methodoll 2]3le &
Lo

7t ZRERHEN (BER)

y=b°+bl.x+b’x: } ........................... (7)
. L,La=by+bi-p+byp’

74 y=HiWEs, L,Le= RMELFHE (),

bo,by, b =% [EIFHRE, x:EEHY, p=RINH
& (om)

Table-3. Range of index value

Case Range of index value RemM
(as)

Case [ 0.0~0. 3mm

Case [] 0.3~0. 6mm

Case I { 0.6~0. 9mm

Case IV 0. 9mm 0] 4}
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Input of absered hydrological data and
unit graph parameter

:

Constiute of correlation matrix

r Salve the matrix l

4

Determinate of unit graph

END

Fig. 5. Flow Chart of Computational Works
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Fig. 6. Relation between precipitation(p) and
‘Water losses (Ld) by the Conventional
method (Cheung-Ju)

Table-4. Model for Estimation of Effective
Rainfall by Conventional Method

A standard Model(formula) : Ld=

bo+bl . P+ bz ‘ P2
Classifica- Regression Coefficient
tion bo b, by
Cheung-Ju | -3. 648351 | 0. 660011 | -0. 000123
Hwa-Sun 2. 888597 | 0. 423165 | 0. 000093
Su-Pyung | -1. 596864 | 0. 519250 | -0. 000102
Mae-San 1.027110 | 0. 414160 | 0. 000088

HAZEEETT R (o) @ 212 $L4EF (Table-3 28) 2
B o] gt thA Fig. 764 FRd wuheh
Zo] HMRY ¢EY MR HPste EE Lo
plotdlsicy, Leldte & Casedlol] %3 Zmmik
~ B TR R S —RkE @B ER (A~11%)
ol 2l3le] 2 (FREE) HHTEHETModel &
M 3Hsick (Fig.7, Table-5)
Cl. WXER A%TR) #EModel EARR
O ]
ne B
(Table-6, Fig.8)
2)% %K

E&E Model(#£3%#: : Table-4, Fig.6, &k :
Table-5, Fig.7) & FIAdtd 48 w¥EMEE $
#o2 & B E AHmEk REAWE & HE
I &4 0] HEEME oL Y ERE R (RAE —H
EME) ~RAE X 100)& WEL &R Table-6 ol
A RREEL e ubeb ol #zkikell Mt X
Boll o4 HEME L LKA RIFYE ¢ + 3
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Ld(mm)
Case 1:Ld=—0,0182+0 587*P—0 00010*P*

(F=4)

Case 2:Ld=—0 15570 498% P—0 00046°P* 1504
150] ot 4w o s 10 s0sers coomere, oS |
100: Case 2 1004
Case 3 _
E
©
504 Case 4 :Ej . R
2 50+ e o
O L]
0 100 200 300 > Pl l
Fig. 7. Relation between precipitation(P) and 0 50 100 150
water losses (Ld) by q» Index method = Estimated(mm)
(Cheung-Ju) 1504
: (&) ;
,@&?/
o 22T KBS EASE R A AR B~
ERRE (BATE) HRel FRpH (Fig 6. 28) 1004
< B4vnt B MR (Fig.7 2R)2 z
#E BIAA & J4e BET 4+ JUk B H
3 Table-6ol4l Mm ferciiol Mot Akl 8
HEEEE HERER) & A2 1.04.8% 24 o 501 ¢
feskke FEE 10.3~18.8%EE £ 4 UL
+ ¢ 5 Uk 293 gEE(Fig.8) A% #
kol Hoshed AEk | HEE TS0 BER USH)
ol #5% 317l Approachs I 9|0 43 HikKE7l & o s o 1%
B2 28-S R E HEd £ 9l ————= Estimated(nm)
Fig. 8. Comparision between observed value and
estimated value in the effective rainfall
(Cheung-Ju)
Table-5. Model for Estimation of Effective Rainfall by q» Index method
A standard Model (formula) | Ld=by+b,-P-+b,-P?
Classification . Case 1. ! qo=0~0. 3mm Case 2. : @o=0.3~0. 6mm
bo by b. be b b;
Cheung-Ju —0.018165 | 0.58716 —0. 000103 0. 1585727 | 0. 497964 —0. 000456
Hwa-Sun 0.111144 | 0.603836 —0. 000354 0. 235455 | 0. 489828 —0. 000079
Su-Pyung —0. 803480 | 0. 563323 —0. 000746 | —0. 315683 | 0. 480202 —0. 000707
Mae-San 0. 0011 0. 60291 —0. 00029 0. 22895 0. 49881 —0. 00080
Classification Case 3. | q=0.6~0. 9mm Case 4. . qp=0. 9mmil |k
bo by b, b, b b,
Cheung-Ju —2. 582489 | 0. 609856 —0. 000160 | —0. 422260 | 0. 402631 —0. 000702
Hwa-Sun —T.984967 | 0.544006 | —0.000572 1.070578 | 0.513390 | —0. 00051
Su-Pyung —0.190164 | 0.439238 | —0.000777 | —0.296352 | 0.413820 | —0. 000793
Mae-San —1.97586 0. 54391 —0. 00058 1. 06960 0. 51299 —0. 00049
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Table-6. Estimated comparison between conventional method and q» index method

Correlation Contribution Estimated acc-
Catchment .. . .
Method coefficient ratio uracy Relative
area (R) (R?) error (%)
Conventional 0. 90 0. 81 23. 6
Cheung-Ju qp. index 0. 99 0.98 4.8
Effect +0. 09 +0.17 18.8
Conventional 0.91 0. 82 12. 6
Hwa-Sun qs. index 0. 99 0. 98 2.1
Effect +0. 09 +0. 16 10. 5
Conventional 0.95 0. 90 12.4
Su-Pyung Qo. index 0.99 0. 98 1.0
Effect +0. 04 10 08 11. 4
Conventional 0. 90 0.83 12. 5
' Mae-San Qv. index 0. 99 0. 97 2.2
Effect +0. 09 +0. 14 10. 3
~~~~~ . Standard
------ : Dry season(1231011,12)
07 [ —— . Semi-dry season(45.6)
- + - Rainy season(7.89)
0. 64 07
_ 0. 5 06 /;
S g 4 05
5 04 3 3/’4 N
¥ 0 3 504 N
= S
0.2 103 \-""-:.‘_ %
4.....\\\
01 ‘ 02 \
0 01 ~
] 2 0 Ly v
T(day) 1 2 3
T(day)

Fig. 9. Standard Unit Hydrograph (Chung-Ju Ca-

tchment area)
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Table-7. Computer program and Unit hydrograph model by this program (Cheung-Ju catchment area)

72
10

150

22

500

CONTROL USLINIT

NO

DIMENSION Q(8)

DIMENSION D-(2000, 2)
DIMENSION R (8)

DIMENSION V{4, 5)

DATA Vi, V2, V3, V4/440,0/
DATA R,Q/1640,0/

DATA V/2040,0/

DATA D/4000+0,0/

IH=)

READ (5,10, END=150) (R(I), Q(I), I=1,8)
FORMAT (g8 (F4,2, F5,3))

IP=)

IF (R(IP),

EQ, 99, 99) GO TO 72

IF(IP, GT, 8) GO TO 72
D(IH+3,1) =R (IP)

D(IH, 2)=Q(tP)

IH=IH+)

IP=IP+1

GO TO n

DO 22°I=1, IH—1

JR=I+43

Vi=Vi+D(I+3,1)«D(I, 2)
IA=JR~—1

IB=JR—2

IC=JR—3

V2=V2+D(IA, 1)eD(, 2)
V3=V3+4D(IB, 1)«D(1, 2)
Va=V4+D(IC, 1)eD(, 2)
V(0,1)=V(0,1)+DI+3,1)eDi+3,1)
VQ,2)=V(1,2)+D(I+3,1)eD(IA 1)
V(1,3)=V(,3)+D(I+3,1)sD(B, 1)
V(i,4)=V(,4)+D(I+3,1)eD(IC 1)
CONTINUE

WRITE (¢,500) IH—)

FORMAT( HO, 1 CX, "N=", Fs, 0)
Vi, 1)=V(, 2)

V@, 2)=V(, 1)

V@,3)=V(, 2)

-V, 3)

4 CONTINUE
DO 20 IP=1,4
IF (IP-K) 21,20,21
21 AIK=V(IP, K)
DO 30 JJ=K 5
V(IP, JJ)=V(IP, JJ) —AlK« V (K, JJ)
30 CONTINUE
20 CONTINUE
40 CONTINUE
WRITE (6,1000) (IK, V(IK, 5), IK=1,4)

1000 FORMAT (1 HO,1 OX, "X(”, I2, *)
STOP =", Fi5, 8)
END

PROGRAM UNIT MAIN’ COMPILED
ssxs GLOBAL STATISTICS saus
«ssx NO ERRORS, NO WARNINGS «ens

TOTAL COMPILATION TIME 0:00:02
TOTAL ELAPSED TIME 0:00:30
END OF COMPILE
END OF PREPARE
N =491.
X@)= 62177110
X@)= . 29624593
X@)= . 11256073
X(4)= <00000000
N=17.
X@)= . 59522069
X@)=- .32147998
X@)- . 14566147
X(4)= . 00000000
N =155,
X()= .58161449
X@2)= .30442703
X@)=- . 14706534
X(4)=- . 00000000
N =65,
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Vi, 5)=V2

V@, 5)=V3

Vi, 5)=V4

DO 40 K=, 4
P=U(, K)

DO 41 JP=K, 5

_Y(K, JP)=V(K, JP)/P

X()= . 64389038
X(@2)= . 23979403
X@3)= .09339442
X@)= . 00000000

Table-8. Rumoff distribution ratio of unit Hydrograph for 4-season respectively (4-Catchment area)

Cheung-Ju Hwa-Sun Su-Pyung Mae-San
Cl assification 1day | 2day | 3day | 1day | 2day | 3day | 1day | 2day | 3day | 1day [ 2day | 3day
&y ay ay a a, ay a, as as a, a; ay
Standard 0.62]10.2910.11 |0.620.25]0.13[0.51[0.30(0.19]0.6210.24|0.14
Dry-Season 0.59{0.32]0.14(0.69[0.29 |0.07 | 0.52 {0.30|0.18|0.68 [0.30 | 0.07
Semi-Dry season 0.5810.3010.14(0.59(0.27 {0.13]0.51 |0.30|0.1910.5910.28 10.12
Rainy-Season 0.64|10.20]10.09|0.6210.24 10.13(0.52(0.30[0.18]0.63[(0.23]|0.13

0 v~
1

N4
(%]

T(day)

Fig.11. Comparision of Unit Hydrograph for 4-
Catchment area respectively (Standard
Unit Hydrograph)
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Table-9. Results compared with observed values when estimated by the unit-hydrograph
(Case 1: Application of Standard Unit Hydrograph)

Estimated accuracy(Relative error %)
Season Method Cheung-Ju | Hwa-Sun | Su-Pyung [ Mae-San
Dry-season Kazyama 17.0 37.0 30.0 39.0
Unit Hydrograph 59 9.3 9.2 9.2
Semi-dry season Kazyama 34.0 56. 0 112.0 58.0
Unit Hydrograph 5.2 3.0 4.0 3.0
Rainy- Season Kazyama 17.0 32.0 20.0 83.0
Unit Hydrograph 8.0 3.2 3.0 3.1
ALl Season Kazyama 24. 0 41.0 54.0 45.0
Unit Hydrograph 6. 4 52 54 5.1
(mean) Effect 17. 6 35. 8 48.6 39.9

Table-10. Results compared with observed values when estimated by the Unit-Hydrograph
(Case 2. Application of 4-season Unit Hydrograph)

. Estimated accuracy(Relative error %)
Season Method Cheun-Ju Hwa-Sun Su-Pyung | Mae-San
Dry-Season Kazyama 17.0 37.0 30.0 39.0
Unit Hydrograph 52 8.1 8.5 8.0
Semi-dry Season Kazyama 34. 0 56.0 112.0 58.0
Unit Hydrograph 50 2.0 3.0 3.0
Rainy-Season Kazyama 17.0 32.0 20.0 38.0
Unit Hydrograph 7.0 2.8 2.0 3.0
All-Season Kazyama 24.0 41.0 54.0 45.0
(mean) Unit Hydrograph 57 4.3 4.5 3.0
Effect 18. 3 36.7 49. 5 42.0
gk o}2ol] $#ReHE Fig, 12 ol 4 2] BRHEE 2 %0 l i
KRS HHEAES RS 4oun 18 " l
Al EEsla] I HEE (BER) o) ERIAR (B
o] Approach=iL 21-&8 & < rh  o]elRte] 304
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A Ef7EModel®] FEKEEL KR =4 FE 20
2 % gk, ' £
Tehok RHIFILARAT A Qo1 A BIfEES R 1
A2 AOMEHETE o EHEE ol & B4 ! J 05
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HRE QDL F Ao qufEEES FIET A
S MHE BEE ) £ RS HEKh
e PHHEEREE ] g dF o =E
ol Ptk FiEMES quobyl t}2 Parameter®
fREsA oA o RIESEC] Aok ME B
MHE BREHE] dv HiRd FEBHN AL
@l = Linsley(1949) 5-°] 2% 3 APIE =& US-

——=T(day)

Fig. 12. Estimated Run-off Hydrograph for Rai-
ny Season Using the Rainy Season Unit
Hydrograph (Cheung -Ju)
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