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A study on the rainfall runoff from paddy fields
in the small watershed during Irrigation period
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Summary

This thesis aims to estimate the rainfall runoff from paddy field in a small watershed
«during irrigation period.

When the data observed at the proposed site are not available, the Monthly Runoff
_Equation of Korean Rivers which was derived from datai observed under the following
.assumptions is used to study the water balance.

a. Monthly base flow was assumed as 10, 2mm even if these is no mouthly rainmfall.

b. Monthly comsumption of rainfall was ranged from 100 to 200mm without relation to

the rainfall depth.

However, the small watershed which consists mainly of paddy fields encounters severe
.droughts and accordingly the baseflow is negligible.

Under the circumstances the author has developed the following equation called “Flood
Irrigation Method for Rainfall Runoff ”taking account of the evapotranspiration, precipit-
.ation, seepage, less of transportation, etc.

‘where:

R: runoff (ha-m)

A: catchment area (ha)

F: coefficient of loss (0.0-0. 20)

P,: rainfall (mm)

S: seepage

Ep: evapotranspiration (mm)

To verify the above equation, the annual runoff ratio for 28 years was estimated using
the Monthly Runoff Equation of Korean Rivers the Flood Irrigation Method and the
Complex Hydrograph Method based on meteorological data observed in the Dae Byeog
project area, and comparison was made with data observed in the Han River basin.

Consequently, the auther has concluded that the Flood Irrigation Method is more consi-

stent with the Complex Hydrograph Method and data observed than the Monthly Runoff
Equation of Korean Rivers.
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Fig. 1. Water balance in paddy field
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Table-1. Runoff accordingto initial flooding
depth

Model Initiall

%3] Fig. 3¢ BRslwl Table:

No. flooding Runoff Remark
depth
0 m r,,1=P,—1-O——6O—S—-ET
10 =P, 10—0—S—E7p
20 | r,= ,+20 60—S—Er

30 | 7,,=P,430—60—S—Ep
40 | 7,,=P,4+40_60—S—Er
50 | #,4=P,+50—60—S—Er
60 | r,;=P,+60—60—S—Eqg
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Table-2. coefficient of loss. F

Surface drain-age flooding depth Loss of
in paddy field than allowable Reuse transportation F Remark
Much same None None 0.0
Medium slightly same Little Little 0.05
Little slightly Large . Medium Medium 0.10
— Large much Large 0.15
— ][ Very Large Very much Very Large 0.20

oA BE A = dlenz BRI F

Table-3. Renoff acerding to rainfall
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A;=58 HokiEe] iR EH (ha)

F=pimiap s (Table—2)
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Table-6. Runoff estimation by Coomplex Hydrograph Method
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year [ 173 | 174 } 75
Durati- [Rainf-|Gross  |Runo- . Gross |Runo- [coeff of 1. (Gross coeff of
on allirainfall [ff ’coeff lRamfall rainfall |ff \runoff lRamfall *rainfall lRunoff Lunoff
4, Ear.| 31.4| 13.18) 1.8 0.13| 52.5 22.05 4.5 0.200 37.9] 15.92 1.8 o
Mid. | 38.8] 16,29 0.5 1.03 455 19.11, 2.0/ 0.10 7.5 3.15 0 0
Lat.| 59.00 24.78] 8.2 0.33| 40.4 16.97] 1.8 0.1 61.8]  25.96 8.5  0.33
5. Ear.| 52,4 22.0| 3.0 0.14 60.4 25.36| 85  0.33 20.0 8.4 0.5  0.06
Mid.| 3.7 1.55 o0 0| 143.4 0.22| 18.0] 0.30] 13.2] 5.54 0 0
Lat.| 0.6 0.25] o© 0 39.3  16.50 3.0 0.06 0.0 0 0 0
6. Bar.| 3.1 1.30| © 0 5100  21.4 2.0 0.09 3189 133.94 0.0 0.67
Mid. | 32.3 13.56| 1.8 0.13 1.0 0.4 o0 7.2 3.02 0 0
Lat.| 75.5 31.71| 5.7 0.18 0.2l o0.08 0 0 1.9, 5.0 0 0
w7, Ear.| 1.9 7.98 © 0| 115.¢ 48.55 26.0 0.54  61.5 25.83 3.6 0.14
Mid. | 64.8 27.21] 3.6/ 0.13 6.4 2,69 0 0 53,3  22.39 570 0.25
Lat.| 70.8] 29.73] 10.5 0.35 78.9] 33.4 3.6/ o.11] 117.11 49.18 9.5  0.19
8, Ear.| 1.7| 7.85 0.3 0.04 103.8 43.60 21.0] 0.48 109.9] 46,14 22.9]  0.50
Mid. | 57.1| 23.98 4.0 0.17] 53.3 22.39 5.7  0.25 4.1 1.72 0 0
Lat.| 53.8] 22.55| 1.8/ 0.08] 170.5 71.61 36.0] 0.50 5.1 2.14 0 0
9, Ear.| 32.5| 13.65 0.5 0.05 5.6/ 2,350 0 0 1.1 46.62]  22.0  0.47
Mid.| 5.9 2.47] 0 0 46,5 19.53| 4.5 Q.23 711 29.86 3.0, 0.10
Lat.| 19.6/ 8.23] 0.5 0.06 8.4 353 0 0 0 0 0 0
Total | 621.9] 261,198| 42.2| 0.316| 1022.7| 429.53| 161.3] 0.376] 1061.5| 445.62 167.5/ 0.376
Table-7. Monthly runoff depth and coefficient of runoff
: coeffic-
‘yea-jobserva- : Rema-
T tion ite Month 1 2 3 4 5 6 7 8 9 10| N 12 Totallrouriltogff K
Jang- .
19729 (5 lrainfall | — — — — | —| = —| —l46.30107.215.1) 168.6
runoff .
depth — = = = = =l ] -]  —l42.2| 46.220.1] 108. 5/64. 352
‘1973{%&%}1 rainsall [52. 4] 5.9| 7.0(110. 2| 89.3/193. 4| 62. 3(227. 9{128. 6|25. 4] 36.7|22.1| 961.2 —
fl‘;g‘g}flf 42.021.9] 4.9| 21.0| 20.9| 20.0| 28.5| 54.1| 62.1113.0] 9.7| 6.1| 304.8)31.71 %
'1974{1%“;‘36‘11 rainfall |11.7]19.1{61. 0144.7/273. 8| 74.0[278.2(162. 2| 72.0[43. 5 10.1] 6.7[1157.0 —
Sgggflf 14, 2[23. 2|50, 0| 98.2|146. 8| 30.41116.6| 36,9 22.8(13.0 7.6 8.3| 568.0| 49.09
?e%’;ge"lrainfan 19.3 9.0163. 5134, 5331, 7| 94.5(424.8]114.5| 81.5[65.1] 3.3| 3.9[1345.6 —
g‘égglflf 14.021.7(35.7, 73.5124.1| 92.70163.7| 41. 4| 31.519.9| 15. 4/16.5} 650.1| 48.31
Maesan [rainfall [36.7(18. 547, 0{129. 2(232. 4] 67.8/335,9| 92.1| 93.5/46.3] 9.5/ 8.2(1117.1 —_—
g‘;g;’}flf 17.7(29.0144. 6| 68.5[111.1] 36.4(163.2] 27.9] 16.6[12.6| 6.4 6.8| 534.0/ 47.81
’1975&‘3‘3? ho-| infanl 13,211, 285. 2(103. 3| 71. 9| 40. 5/450.1169.9(291.5] —| —| —[1236.8 —
runoff 5 o 5 4o gl 17.4] 25.5/ 11.00178.3] 76.40106.7] —| —| —|448.7| 36.28
depth
Ban we-|_ . 0 I -
ol scongrainfall |11.4) 9.186.5) 89.4| 82.5| 38.1/455.0[179. 3[361. 1 1312. 4
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runoff ! !
depth 10, 8[11.132.7, 19.4 18.4( 13.21179. 2} 92.3]124. 4 — — —l 501.5 38.21\
Maesan [rainfall | 9. 5| 7.7(85.1| 90.7) 57.0| 45, 3|440. 5171, 11298.0f — —| —11204.9 —
runoff : | oas
depth 16,0114, 0132, 5] 24.6] 21.6 16.0]76.4‘ 53.0| 64.3 —\ —| —| 418.4{ 34.72
Table-8. Annual coefficient of runoff
year } "72 i '73 ‘ 74 J '75 |
.observa- |runoff coeffi- {runoff coeffi- [runoff lcoeffi- runoff coeffi- Remark
tion site {depth lcient of idepth cient of |depth cient of [depth cient of
rainfallhrunoff rainfall runoff rainfalljrunoff rainfalllrunoff
|
Jangho- J108.5 3048 | 568.0 448.7
won /1 68.6 00435 | 961, 03171 _nsto 0.4909 | 234, g] 0-3628
Ban weol- | 650. 1 s01.5 Trainfall
seong 1‘ 1345, 0-4831 | 1319, 4 0-3821 | —8503.¢
runoff depth
534.0 418. 4 §3534 . P
Maesan 117.1 0.4781 1204.9 0.3472 | = -
i coefficient
108.5 304, 8 1752.1 1368. 4 obrunoff
Total 168. 6| 06435 961.2| 03171 | 3619, 0-48 a754.1) 0341 0. 4156
Table-9. Mean coefficient of runoff
- Mean coefficient of standard
Method Condition runoff deviation Remark
Monthly Runoff Eq. of f=1.4 0.501 0. 066
Korean Rivers f=1.2 0. 543 0. 066
Flood Irrigation F=0,00 0.457 0. 090
Method F=0.05 0. 436 0.0846
F=0.10 0.416 0.082
F=0.15 0.398 0.078
F=0.20 0. 381 0.077
observation value 0.416 weight mean
0- 451 0.12 Arrithmatic mean
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MUY e —8.4~+1.3%°] T},

(b)) EREY METH 2 BHTFY mHse
PR HER & BES PoiibEg
o wlstd —9.1~+1.3% HEFC RES
e,

DHEAR oz #ES Mige] EE &L

9 HiBo e FEEY o, SRR BE %
ERHEE(R 10.2mm)o] HEH LI BRRESH *
A BEAE HEKE] HEIA gx mids,
MRiZF BEHA G Y BBAE BE &4
= A9 KHEoE #A HmH=Elz A5 mHEEe
FEIA $z AL HHES HET K4 &N
B k= ARHmHES Wp HESZE BER K
HE 28 b, =3 REEEENEME BEE
%ol RSt mE%Ee) FREA ¥z ARm=
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Table-13. Coefficient runoff by estimation method

Monthly Rumoff Eq. N Complex Hydro| observation
Method of. Korean Rivers Flood Irrigation Method graph Method |nvalue Remark
vear | f=1.4 ] f=1.2 ‘ F=0.00 | F=0.10 } F=0.20 ‘ o EX:
*73 0.34 0.38 0.22 0.21 | o 19 0.16 0.25
*74 0. 49 0.53 0. 40 0.35 0.32 0. 37 0. 44
*75 0. 47 0. 51 0.52 0.47 0.43 0.37 0.35
mean 0. 45 0. 48 0. 40 0.37 0.34 0.33 0.38
o2 HEdz=z A BWES REY BRI A— (5) FHIZEARS FEA FHol 714 AL #EE

Eo#EAT Cv BEE SHEe BREET 96
WiEe] AeE FERC AoH STERT BE
o %Y EEENE B-EREE Ttz &6
o #EaE BATERA ke Rde REHE
g E&ol NFESS] W ol

2. FHE #EHER AHE

Z2E@) ANRHELR, ARMEEE, BkE
B, BWEZ 3MEEMA973—1975)0] Hal HHER
£+ RGP en A Hilxe Table—103 2},

1) MERAR &S Hilizde BENEL +18

~-+26% =2},

() EokEskel K3 e =St e

+5.2~—152% % o]},

(3) MEEARY KT s ARMHEER:

=} HIRE o 36~45% =7},

(4) HkEEdE KT MEEL ERMEREET K

®e W +3~21% =T,

(f=10)9 HEFES PKEERY ol 713

£ BREFE=0,00)8 MHELTGE 12.5% Ao

Liie 2 Bhe 2 MEBEAFRETT HiKERCY
BHHE ilebet.

3. BWER AHE S

B AT [AWE 10~250mmel & HHEL
HA(f=1.4), EKFEEEF=0.0, 0.10, 0.20), FK
WEEE.Z & MHET #ET BET B
= Fig. 3, Table—115} Zor] SRUKHIEE 2 H#
TG ] BT RHREAXR(=1.4), BKEE
(F=0.0, 0.10, 0.20) .= HEES Hbize BWE
B FERBAfRYS Table—129 21},

Fig. 3¢ &34

(1) FHEANMEHH,)

[EME 10.00mm = o] BEWERE = of
£ &RY fiE EEezA #EmAd=E B 10.2
mme] EWEHEY] BEHESE AXE FET 4

Table-11. Equation for coefficient of runoff accordingto rainfall

Method Equation ' Corelation(R)| Remark
Monthly Runoff =—3. 625641 10°x°4-2. 6606831 ) 10—+ y=coe ffi-
Eq. of Korean —7.3392654 X 10-4x*+9. 415586 X 10252 —5. 4461269% R=0.970 cient
Rivers +142. 22241 (%)
(f=1.4)

Complex Hydro. | y=3.6797637 x10-* x%—3. 0613458 10-%x?

Method +0. 89286447 5—9. 685403 R=0.997

Flood Irr. y=4. 3116652 % 10-958—3, 5435061 % 10~25? x : rainfatt

Method (F=0.0)|  --0.998044885—11. 694168 R=0.999 (mm)
. y=3, 9213692 % 10-053—3, 2401672 x 10-342

ditto (F=0.10) +0.907398102—10, 638865 R=0.999
) y==3. 5926564 x 10—-8x°—2, 9696655 X 10—24* )

ditto (F=0.20) 4-0. 83175235 —9. 7492599 R=0.999
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Table-12. Corelation of coefficient of runoff between each estimation method versus rainfall

Complex] Flood Irrigation Method Monthly Runoff
. Hydro- Eq. of Korean
Rainfall lgraph F=00 | F=010 | F=0.20 Rivers (f=1.4) Remark
method ! i
CR, CRII R | cR* | R | CR ' R, | CR | R, | R,
10 0% 0 —[ o |- o | o | = — CR:cocfficient
20 5.95 7 176l 635 1,087 5.8 0.980 5.9 9,378 .77 of runoff
30 | 14.28] 14 | 0.98| 12.72 0.890] 11.% 0.816 41.% 2,892 3.247 CR
40 | 2143 21.25 0.992 19.31] 0.901 17.70! 0.825 35.% 1,640 1820 1T CRT
50 | 2710 28.56 1,054 25.96 0.958 23.% 0.878 32,4 1,19 1.249ER:~_CB_.,‘,
60 | 33.70 3570 1,059 32.45 0.963 20.7 0.883 31| o0.930 0.968 = K
70 | 38.70] 42.0| 1,085 38.18 0.987, 35.0 | 0.904] 31.2| 0.804 0.817
80 | 44.64 47.5| 1,064 43.18 0.967, 39.58 0.887] 31.% 0.703 0.732
90 | 50.600 53.3| 1,053 48.45 0.957, 44.4 0.878| 32.%| 0.440 0.668'
100 | 54.520 358 | 1,064 52.72 0.967‘ 48.% 0.886| 33.% 0.611 0,632
110 | 58.0| 18| 1,065 5618‘ 0.969 51.5| 0.888] 34.% 0.592 0.613
120 | 6111 650 1,064 59.09 o.%7l 54.17) 0.88¢| 35.68 0.584] 0.é04
130 | 6892 67.7 1,059 61.54 0.963 56.42] 0.883| 36.95 0.578 0.600
140 | 6615 70| 1,058 363 0.962 58.33 0.882] 38.25 0.578 0,601
150 | 68.09 72.0| 1.057 65.45 O.%]! 60.0} 0.881] 39.56| 0.581) 0.604
175 | 72.24) 76 | 1,052 69.09\ 0.956! 63,33 0.877| 42.60 0.5 0.616
200 | 75.47] 79 1,047| 71.82) 0.952 65.83 0.872] 45.90| 0.608 0.639
225 | 77.88  81.3 1,044 73.90 0.949 67.75} 0.870| 48.80, 0.627] 0.660
250 | 80.0| 83.20| 1.04 75.64 2,946 ¢9.33 0.867| 51.50] 0.644| 0.680
= — —Jie.o13l  —|17.282)  —15.843 = —| 24.183] 24.535
n 0 — 18 — 18 —l18 |18
X — —{ 1.056 —| 0.960 — 0.880 —| 1.343] 1.363
on —|  —loo0379 —|o0.0343  —|0.0318 —| 2.027] 1.910

ﬂ:l:

OC : Complex
hydrograph
OF : Flood Irr.
Method (F=0, 0)
OF : ditto
F=0.1
OF, : ditto
(F=0 2)
HH : Monthly
Runoff Eq
(f=1.4)

Fig. 3. coefficient of runoff uresus rainf-
all.

ERo] 9l= Bfi& 10.0mme] A 8 60mm7tA &
Werigse] Wikl 70mmpl L3-8 & wigsls gt
ole MR WEEC HWES %04 Wk A
100~200mm>} ATtz FESHA @ Eol

(2) #RKFEYN QRFREE

EEE commAA e ERE 9 el #deh
o BERIEC] WM A mtige] |tz 60mm
7A L e A2 FELlEe ARmEEC KT
HEse] Mok¥EEY WHEd AEHER F=0.10
oo gt AL —FEH.

=3 Table-128} o] GRMEEECZ #HEYR
WA EokiEEe s BES MHESE A B—
3 FEES ez AT RHEARE SR
BEE == WKkEES BEE A Ad FEE
gler #KEEReS ARMEESEY kil HiRA 8
Sedgo] ¥ S HumiRkEEe] el BEHES T
deorz PKEEY] WEEAR R ARMEER

— 107 —



WEBETBEE B8 455 19824 128

stk o A84e) gk

=9 GRS el e dibge] B A
£ EEY wELE RWEY Ml gl
EREC —EATE Be 48 FEC sz B
BE =z gkEme] HHRARC KA o EAS
Tz Bl

V. & W

1. MHELARY 28EETiase] Hkps
9.6~42.5% A9 BRHMERLTYE 11~30.56% =+ #k
AOEREL BHES —9.1~1.3% WSl Yx=
22 HREY o A ‘

2. WMIREAR, BEKEER, BREEEE ENE
-9 3MAME FHMLE-S WS o $okEEke] B
fEs} —15.0~5.2%, SEMEEES 3~21% 94
2] ZEolm MHEARE BWMES 18~26% SR
BEET 36~45%1 222 EokEEREC] v AEmM
o]t}

3. B WH BFE 10~250mme] #s] Bk
¥, MHEAR, SHRREREZeZ HET FBE
2] FEHHRRE oS A% RHEARE KR
EE: R OREOKEET A4 ARk den Pk
B ERREEEL BB v #3 kERk
(F=0.100+ BEEEEES REEL A9 B
g}t

2322 WkEE] K9 FHEAL(R= g
'Tli—mt—sn(n+1)+(n+1) (P,—S—E7))

B n=—5-(P,—S—Er)dl 15 Efi(infeger)
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