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Return Flow Rate Estimation of Irrigation for Paddy Culture
in Chuncheon Region of the North Han River Basin
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Abstract
Return flow rate of agricultural irrigation for rice culture was investigated in the North Han

river basin. Two small paddy watersheds were chosen and irrigation, drainage, infiltration and

evapotranspiration were monitored and estimated during the irrigation season of 2002. The soil

texture of the watersheds was mainly composed of sandy clayey soil. Fast and delayed return -

flows and flow rates were calculated through the analysis of water balance when irrigation and

drainage were stabilized. The irrigation were 838.9 mm and 710.2 mm, the surface drainage 171.0

mm and 26.4 mm, the infiltration 362.0 mm and 381.3 mm and the evapotranspiration 305.8 mm

and 3024 mm, respectively. The 10-day return flow rates ranged from 50.9% to 152.3% and from
29.7% to 88.6%, and the monthly return flow rates from 60.9% to 91.5% and from 48.3% to
73.6%, respectively. The average return flow rates during the irrigation season were 63.5% and

57.4%, respectively.
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Fig. 1. Water balance when irrigation and
drainage were stabilized during a
dry period

D, - D, = ET-R+P+ 48 3)
o714 P AZAEH=G, - G) (mm)o|Th,
AT B9 487 glo] EREE HYE 0

ok A4S = 0, R=0°] H5] oo} 52l

Al (HZ g9k}

(D, -D,)-ET=P 4)
Z otAE koA T A muljF A
ojofj Al ZWAtERS Aot ASUEFE d=
th. 3 F40) AMYA] D, (R B 4143
szgoza 18 PAZHAEH = A3
sgroa 7k 4 Qluh A& &L 4 (6),
A ALL A (B)og oty FHPLS A&
38T A3 HES Tot Yol AFFY
o AL ¢4, €9 ¥ WL B¢ I
&< Fety
A= o] D2
A3 A& %) = o %100 (5)
e P
A A3 HER) = R X100 ©6)
1
I, St

238

20024 59 F<5E 98 St WL &
gtefl 238 AlFRAAN SHHAS. ABH
2 FYE £4A AT 1208 R E 134794
7HA 9] =(0)et AlFH )T FUE EUA A=
o e 312-14A At F&eH £
ABZ ()5t AAFNE ABRAR YA

AEGFIY fAHAL 71,267 molH RE
of B4 AHPEFCI Y HES 3R
e AHEeR BMEUY. Aswde &
2t £3YE SR ddR9e #9
14,850 nfolv} BES A2 AMIYE
o WG ARE =9 AU A

W47t AEE moolgle

m lo L

o

3l

O X ox

© o R
32 rlo

)=}

%
EGAETL g g Ao AHHS
E3429 A%

18 ox B Q9 O
2
)
Jo
18 o
o

AN
=2
$52 FU2, 852 WEY

-4 BAHE ol &3t RFOE
o HAAFANE Wl Rl 27
mm +E8 FRFFAE, =
2guta) AEE FFAS AA5e ofF ©
2 SHlEE SR

AgA T AAATY AFFH Fed2
Fig. 29} 22 ARYAL aeAAE A4S

FAO Penman-Monteith &4(Doorenbos
and Pruitt, 1977; Allen et al., 1998)& ©|&
sto] 2AA o] FASHARFS 731 o7



71

Fig. 2. Schematic diagram of circular 200—
mm infiltrometer and circular 300-
mm water—-depth measuring
apparatus
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Fig. 3. Measured daily infiltration and
evapotranspiration (ET) in Sindong

watershed
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Fig. 4. Measured daily infiltration and
evapotranspiration (ET) in Cheon
jeon watershed
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Table 1. 10-day FAO Penman-Monteith reference evapotranspiration (ET) and rice paddy ET
in both Sindong and Cheonjeon research watersheds (unit : mm)

Month Reference ET Rice Paddy ET
Mid 35.3 6.5
5 End 529 487
Early 47.0 48.9
6 Mid 41.8 46.0
End 472 54.3
Early 443 52.7
7 Mid 34.8 452
End 43.4 59.4
Early 30.5 42.4
8 Mid 288 : 38.6
End 32.9 431
Early 36.0 414
9 Mid 25.0 26.0
Total 499.9 573.2

Table 2, Analysis of water balance in Sindong watershed (unit : mm)

N . Infiltration

Month irrigation (D) | Drainage (D)) Di—D: ET (Go-G)
5 Mid 27.8 15.6 12.2 101 2.1
End 216.4 34.0 182.4 48.7 133.7
Early 130.4 6.3 124.0 46.1 77.9
6 Mid 545 3.7 50.8 20.6 30.2
End 67.0 1.1 55.9 31.9 241
Early 60.4 5.9 54.5 23.6 30.9
7 Mid 51.0 3.9 47 1 12.2 34.9
End 83.1 9.0 741 334 40.7
Early 39.3 5.0 34.3 10.6 238
8 Mid 418 18.7 23.0 20.5 - 2.5
End 7.8 3.4 44 3.4 1.1
9 Early 48.4 37.6 10.8 29.8 -19.0
Mid 1.0 16.8 -5.8 15.0 -20.7
Total 838.9 171.0 667.8 305.8 362.0

(Fast return flow rate)2 20.4%, A 93H& 719 B= FAE v G2 ] UAof @
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Table 3. Analysis of water balance in Cheonjeon watershed (unit : mm)

Month Irrigation (Di) | Drainage (D) Di—D: ET In(fgzt_r_zt‘;on
5 Mid 111.0 0.0 111.0 12.6 98.4
End 117.6 0.2 17.3 48.7 68.7
Early 103.0 0.0 103.0 461 56.9
6 Mid 42.4 0.0 42.4 20.6 21.8
End 453 0.0 453 31.9 13.4
Early 65.0 0.0 65.0 23.6 414
7 Mid 62.8 0.0 62.8 19.5 433
End 56.5 0.0 56.5 334 231
Early 275 0.0 27.5 10.6 16.9
8 Mid 63.8 23.9 39.8 205 19.3
End 15.3 2.2 13.1 34 9.7
9 Early 0.0 0.0 0.0 26.2 —26.2
Mid 0.0 0.0 0.0 53 -5.3
Total 710.2 26.4 683.8 302.4 381.83
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Table 4. Analysis of return flow rate when irrigation and drainage were stabilized during dry
periods in Sindong watershed

Month Irrigation | Drainage | Infiltration | Fast return |Delayed return) Return flow
(mm) (mm) (mm) rate (%) rate (%) rate (%)

M 27.8 15.6 2.1 56.1 7.7 63.8

> E 216.4 34.0 133.7 15.7 203 61.8 556 715 59
E 130.4 6.3 77.9 4.9 59.8 64.6

6 M 545 37 30.2 6.8 84| 554 | 525 | 622| 60.9
E 67.0 1.1 241 16.5 35.9 52.5
E 60.4 59 308 9.8 511 60.9

7 M 51.0 3.9 34.9 7.7 97| 684 | 547 | 761 644
E 83.1 9.0 407 10.9 48.9 59.8
E 39.3 5.0 23.6 12.7 80.2 | 729

8 M 418 18.7 2.5 448 | 305 6.1 307 | 50.9| 61.1
E 7.8 3.4 1.1 43.3 13.5 56.8
E 484 376 0.0 776 0.0 776

9 M 1.0 16.8 0.0 152.3 915 0.0 0.0 152.3 91

Total 838.9 171.0 362.0 204 432 63.5

Table 5. Analysis of return flow rate when irrigation and drainage were stabilized during dry
periods in Cheonjeon watershed

Month Irrigation | Drainage | Infiltration | Fast return |Delayed return} Return flow
(mm) (mm) (mm) rate (%) rate (%) rate (%)

5 M 11,0 0.0 98.4 0.0 01 886 | 731 886| 73.2
E 117.6 0.2 68.7 0.2 58.4 58.6

6 E 103.0 0.0 56.9 0.0 0.0 | 552 | 483 | 55.2| 483
M 42.4 0.0 21.8 0.0 514 51.4
E 453 0.0 13.4 0.0 29.7 297

7 E 65.0 0.0 41.4 0.0 0.0 637 | 585 | 637 585
M 62.8 0.0 433 0.0 68.9 68.9
E 56.5 0.0 23.1 0.0 40.9 40.9

8 E 275 0.0 16.9 0.0 2451 613 | 431 61.3| 676
M 63.8 23.9 19.3 37.5 30.3 67.8
E 15.3 2.2 9.7 14.4 63.5 77.9

9 E 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M 0.0 0.0 0.0 0.0 0.0 0.0

Total 710.2 26.4 381.3 3.7 53.7 57.4
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