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Estimation of Return Flow Rate of Irrigation Water in Dagpyeong Pumping District
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ABSTRACT

Return flow rate of irrigation water was estimated by water balance method. Daegpyeong pumping digtrict to irrigate 75.8 ha of
rice paddy in the Geum river basin was sdected to ingtdl gauging instruments to collect data such as weather, water leves,
infiltration rate and evapotranspiration during irrigation season (May 27 to Sept. 20) in 2003 and 2004. Irrigation and drainage
discharge were calculated from the rating curve and evapotranspiration was estimated both by the modified Penman formula and by

the lysmeter. The results were as followed :

1. Tota amounts of pumping water during irrigation season were 1,076,000 m® in

2003 and 1,848,000 m® in 2004. Tota amounts of rainfall were 1336.0mm and 1003.0mm respectively during the irrigation season
in 2003 and 2004. 2. It was surveyed that the amount of infiltration was 196.5 mm (2.2 mm/day). The gauged evapotranspiration
was 311.0 mm (3.5 mm/day) and the calculated evapotranspiration was 346.0 mm (3.9 mmv/day) during irrigation period in 2003. It
was surveyed that the amount of infiltration was 169.9 mm (2.4 mm/day). The amount of gauged evapotranspiration was 377.3 mm
(5.3 mnV/day) and the cadculated evapotranspiration was 454.5 mm (6.6 mm/day) during irrigation period in 2004. 3. The rates of
quick and dedlayed return flow were 524 % and 17.7 % respectively, and so return flow rate was 70.1 % in 2003. The rates of
quick and delayed return flow were 454 % and 16.1 % respectively, and so return flow rate was 61.5 % in 2004. It means that
average return flow rate in the Dagpyeong pumping district was assumed to be 65 %.
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I 1
‘g‘ Drainage canal

Yater table before irrigation

Delayed return flow

Fig. 1 The concept of return flow in the paddy
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Fig. 3 Rating curve of irrigation canal at Daepyeong in
2003 and 2004
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Table 1 Rating curve equations to obtain the discharges

Sites Stage-discharge equation Year
o Q= 0.4939H* + 0.7789H - 0.0173 (R*=0.999) 2003
Irrigation canal 5 =
Q= 1.0295H% + 0.4732H + 0.0132 (R*=0.999) 2004
, Q=5.5794H - 0.2193H + 0.0370 (R*=0.999) 2003
Drainage canal
Q= 2.8235H% + 0.7043H - 0.0087 (R*=0.987) 2004
Inflow from | Q= 15.125H®! (R?=0.971) 2003
apartment unit | Q= 15.988H**'% (R*=0.992) 2004
‘ Q= 2.3464H*™ (R*=0.994) 2003
External inflow T
Q= 4.6443H*°* (R*=0.964) 2004

Table 2 Amount of Irrigation and Drainage Depth during
non-rainfall

Rainfall (mm)

2003 2004 2003 2004 2003 2004

Irrigation (mm) Drainage (mm)

Month| 10 days

B n n n n n n
May | M - - - - - -

- 20| - 466 | - 278

00| 120 - | 1823 - 66.1

Jwe | M 370 | 2630 | - | 1105 | - 29.8

1950 | 890 | - L7 | - 380

2581 | 1160 | - 158 | - 198

July M 155.0 | 1450 0.00 19.4 17.2 31.3
233.0 0.0 9.16 | 205.1 54 87.7

40.0 490 | 40.69 | 1116 13.1 484
Aug. M 66.0 | 159.0 | 55.76 96.1 25.8 41.7
1104 20.0 0.00 98.3 14.8 39.2
136.0 21.0 0.00 | 1280 10.5 414

Sept.
M 740 | 117.0 - 7.5 - 6.5
o o] ol TaEAl = A A At durEel

i"*%ﬁﬂ o]§-E5Ao] = VEhd Zos wehErt,

WhFe §EA-N 4" 4 ARERE fgos
ﬁ&*‘}o}w} FASA BAES APt E 75 T Al
A st SAct.

HjpeRe vieRdTA g o R REAE 0]Q]9 ™S (ofg}
ERY, 59, Ageleid A ol fdEE e
11]940}01 AEgslsdTh 2003W 20040 ARsEl Wl @
Hj5=2RS Table 29} Zth
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Table 3 Water depth of Infiltration and Evapotranspiration

during non-rainfall (Unit: mm)

10 2003 2004

Month davs Infiltration | Evapotrans— | Infiltration | Evapotrans—
’ (mm) piration (mm) (mm) |piration (mm)

May L 4.8 14.6 7.4 19.2

F 28.5 515 14.7 41.3

June M 18.9 316 14.0 40.8

L 14.1 28.1 13.8 304

F 2.3 3.7 3.7 9.6

July M 9.2 181 5.7 184

L 19.5 30.1 32.1 49.0

15.3 34.4 174 45.6

Aug. M 25.9 34.8 12.6 36.8

20.2 20.7 24.8 36.9

Sept. 12.5 17.7 18.2 38.9

M 255 25.8 5.5 10.5

Total 196.5 311.0 169.9 3774
B2 olgato] St Table 3& AP (5/27~ 9/20)
& ASA R 7|7 20039 ASHER 1965 mm
(YH+ 2.2 mm) o‘.ﬂj_“\ 2 311.0 mm(¥HE+F 3.5 mm)O]3l

I, 20049 A=AEES 169.9 mm(YBF 2.4 mm) ZLAF
2k hoz|

F2 377.3 mm(YB+t 5.3 mm)o|UTt,

g0l gk AR Ao R Je| AeE=
Penman 2] (Doorenbos and Pruitt, 1997)< 0151’0‘}01
3t 4 Penman 3412 SARIYA] Fga} 37]
o} fRko® HdE|glen Al(3)x Zt

_19.. —iN' OJ..

ET,=C[W: R, +(1-W) - f(u) - (ea—ed)]} 3

ET,=K - ET,
7|4, ETox AAISHARE, Ce Fobe] 7ARAE BAst
7 S 3 W Tl B AR ot S
(e o5 AAE <, eas B9 E3ReFT]
1:1, eds= Exﬂ 7]?:]'()]{:]‘

ETce A& FiEos AT (ETo)ol =44
(K& st ARt 4 Penman2l9] Al (K=
MsE8 AR SR IA (MAF, 1999), 8 A=2E o]
iy

3918 Aol A= SEbdleRs ARgShH ERNE 5 o
A & FA B4 7 = JEE 4 PenmanHOE
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Table 4 Observed and calculated depth of evapotranspiration
during non-rainfall (Unit: mm)

Table 5 Water balance analysis during non-rainfall in
2003 (Unit: mm)

10 2003 2004 10 | Irrigation | Drainage Evapotrans- |Infiltration
Month K Month | qvsl @) | @ | P |piraon €D @ | °°
days Observed Estimated Observed Estimated avs ! 2 piration
May L 1075 146 173 19.2 133 May | L 46.7 26.4 20.3 14.6 4.8 0.9
50/ |~ RE R 1~
o[ | e e e e e e
Jue | M |106] 316 37.3 408 426 e e 10 T 00
109 281 314 304 303 o A e e s
117 37 6.2 9.6 107 S e - - - - -
July M | 1.39 18.1 25.6 18.4 174 L 9.9 41 51 6.0 30 239
153| 301 39.9 49.0 98.4 330 | 39| 11 186 58 | -233
1.8 344 426 45.6 60.0 Aug. | M| 557 171 386 24.3 170 | -27
Aug. | M | 147 34.8 48.3 36.8 37.9 L - - - - - -
142 20.7 27.6 36.9 52.5 F - - - - - -
Sept.
1.32 17.7 14.7 38.9 42.1 M - - - - - -
Sept
M 25.8 - 10.5 -
Total 3110 346.0 377.4 4544 Table 6 Water balance analysis during non-rainfall in
2004 (Unit: mm)
= %_1?2]./‘\—]_0 g —%@—8}93\3]’ }\a]é‘?_]' %_%].,}— Eok_ﬂ]- _%Xc-)lt"i_} %_1?:_1./& Month 10 | Irrigation |Drainage Di-D, Evapotrans- |Infiltration AS
o B N N days| (D) (Do) piration (ET) (P)
e vluet A= Table 49 Ath 24 SUAE] A5 May | L | 466 | 278| 188 19.2 74 | 18
SHPARFRCE 11 %, 20 % A Yeptnz SHREES A= F| 1823 | 661] 1162 41.3 147 | 602
3] 9o Ao o]2 wEsle] 2Asl= Ao] Zt}. Jwme | M| 1105 | 298] 807 | 408 140 | 259
L 31.7 38.0 -6.3 30.4 13.8 -50.5
= F 15.8 19.8 -4.0 9.6 3.7 -17.3
4 3|72 AR
#lg &3 My | M| 194 | 313] -119 18.4 57 | -360
It oMo ZAK| 2051 | 77| 174 | 490 321 | 363
- F 111.6 484 63.2 45.6 174 0.2
A A= B7EO x|oul S=3i%] Q) o IheF v
o ]j: = ; l sziT 10110 Q:f b= Unj’ o f °1}j Mg | M| 961 | 417| 544 3.8 126 | 50
=2 _ =4 ol ore.
T 0, Tmo ) PR=N A =] ]O_O]—%\I:]‘- ToTT ]E]‘ = T L 98.3 39.9 59.1 36.9 24.8 -26
A7 5 mm oJslQl A5 oufglit}, =AY 5] & ) 128.0 14| 866 389 182 295
t.
AL et A BEe glovt Eoke] AMubAel & o] PIM 75 | 65| 10 105 55 | -150
ol thgt olsiE flst] Fastlon, 8 FAA] =0
Ao BEAANS A 5 2tk 29 AR AMRHE e 615 %2 2003 Hlslel ch Asieh. ol H7AE =
FA] =olA B 438 2003, 2004¥e] Ai= Table AF17F (59279 ~ 992050 7E92ko] 2003Eolls 1336.0
5, 63 Atk mm2E| 2004do= 1003.0 mmz AL Ao 3k ujzl A
oz weh,
Ll S8 3Hg &4
IAES vie2E Sof ueY Fsks AL3AE 1S C} 7|1= oi7Ainjelo| Him
£E &l AAs] sk AMYAER U= = Utk Al YA sPHe ARSAEIRAL W SRR R AP ILA
3| A& Rl oSt HAAl AsEulaeeFe] vIE R, A3 (MOCT, 1998)°ll= 7], qot 9l =2 #4=x]u] 371 A

FEL Wk iz ASUTF HlER Aostal tiE
FAAFNA 2003~ 20049 FFEE EXETH= 242} Tabl
7, 83} Zk 20039 I A4S 52.4 %, AA3HE
17.7 %2 AASHEL 70.1 %= ARSI 2004 B
717 ALSAEE 454 %, ARAIAEL 16.1 22 A3
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Table 7 Calculation of return flow rate at Daepyeong district during non—rainfall in 2003

Month 10 o @ ' ® ' @ ' @=b/@ ©=0/@ O=D+©
days | Irrigation depth (mm) | Drainage depth (mm) Infiltration (mm) Quick return rate (%) |Delayed return rate (%)| Return flow rate (%)
May L 46.7 26.4 4.8 56.4 56.4 10.3 10.3 66.7 66.7
F 150.5 56.7 25.3 31.7 16.8 54.5
June M 96.6 66.9 144 69.2 51.3 14.9 16.0 84.2 67.3
53.5 30.5 8.4 57.0 15.7 72.7
July M - - - - 45.0 - 32.8 - 77.8
9.2 4.1 3.0 45.0 32.8 71.8
33.0 319 5.8 96.5 174 113.9
Aug. M 95.7 17.1 17.0 30.7 55.1 30.5 25.6 61.2 80.8
Sept. " - - - - - - - - -
Total 445.2 233.5 149.5 52.4 17.7 70.1
Table 8 Calculation of return flow rate at Daepyeong district during non-rainfall in 2004
Month 10 o @ ' ® ' @ ' @=b/@ ©=0/@ O=D+©
days | Irrigation depth (mm) | Drainage depth (mm) Infiltration (mm) Quick return rate(%) |Delayed return rate (%)| Return flow rate (%)
May L 46.6 27.8 7.4 59.8 59.8 15.8 15.8 75.6 75.6
F 182.3 66.1 14.7 36.2 8.1 44.3
June M 110.5 29.8 14.0 26.9 41.2 12.7 13.1 39.6 544
31.7 38.0 13.8 119.8 43.5 163.3
15.8 19.8 3.7 125.3 23.3 148.6
July M 194 31.3 5.7 161.2 57.8 29.4 17.3 190.7 75.1
205.1 87.7 32.1 42.8 15.7 58.4
111.6 484 174 43.4 15.6 59.0
Aug. M 96.1 41.7 12.6 43.4 42.3 13.1 17.9 56.5 60.2
98.3 39.2 24.8 39.9 25.2 65.0
128.0 414 18.2 32.3 14.2 46.5
Sept. 35.3 17.5 52.8
M 7.5 6.5 5.5 86.6 73.6 160.2
Total 1,052.9 471.7 169.9 45.4 16.1 61.5
ATeA e AHES AT 47H‘j* 2ok oF AR Al Al BE=AE (Chung et. al, 1997; Chung
AA AR REAR SAsIleH, SR % N and Seung, 2001914 5984 HAES _1_/\]'01-93\31‘_ W
A ) BEY AR olgalel 1T SRS AT S e ARapIst e Sdsion S

AT 40.0 %, HHATE 38.1 %2 VFERITH (Kim et al. 1999)
A AR7A sk ARSAEIRAL E SRR A
AEIA (MOCT, 1999)°= ¥ MeA+F 4 G 54
ToA eSS 2ARIGL BEAT = oA w88

S 3l Stk AR 4 mm/day 2 7Pgse] 285t
AP 3Aee Tl 408 %, 55 51.2 %I HEdT

A
1997)0ll=

AR AL 9 PERAl S APE I (MOCT,
FrA] #15= ugAE (Cheong et al., 1998)
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Table 9 Comparison of return flow rate among the different watersheds

Watershed Young-san & Sum-jin river (1999) Nak-dong river (1997) Han river (1998) Geum river (1999)
Name of station Gae-dong Guem-pung Ma-sung Chung-do Bal-an Gi-chun So-hak Dae-pyeong
Return flow rate (%) 40.8 51.2 70.5 33.8 45.4 45.9 40.0 38.1
Average (%) 46 52.2 45.7 39.1

2 R ) l"‘%“g"rﬂ:ﬁ 2> 2003L%£L Al&3AE 41.9
%, AASPEL 35.6 B2 AABNALL 77.9 B2 ZAFEY
2004@5% AlE3F1E 454 %, xloﬂﬁ%q%% 16.1 %%
Zﬁlﬁﬂ 2 61.5 PE RAEYCE B AE3FE 43.6 %
= 1999L4£oﬂ A 22 Ao 4GS 38.1 %9t M
A FEUAE ofH BAol= Wit AH3AE 25.8 %
7F F7HR Ao tEn) AR IjFgo] Alolg Hol= A
< W] AEE, Ak AR, e B4 & 58 o
olo] 2 Aoz shrhe},

=2

—

Iv. &

sH4E A Al
= H%M S lé%*-% L
20039~ 2004 (717F © 59279 ~9¥20%) 247t
B9 AAEc
lﬂw Rk JX ato] FAl g Al
SHErIHES 4
1 = 75, 8ha°ﬂ Whsh| flet F%
m’, 20044 1,848,000 m*o] ik
2. 717 20039 HEHEHE 1965 mm (YBt
2.2 mm), A= ZFHARES 311.0 mm (Y8 3.5 mm), 3
2 SHARES 346.0 mm (YE 3.9mm/day)®]L, 2004
U ASHEFL 169.9 mm (YFH 2.4 mm), A FARF
77.3 mm (YFE+ 5.3mm), F4 z‘?jl"&%ko 454.5mm
(U 6.6 mm)oldch IN7IZE 2=k 20034 1336.0
mm, 20049_ 1003.0 mmo]3ict.
3. 2003¢oll= W77 F Al&G3HE2 52.4 %, A3
&2 177 %= AAHELS 70.1 %= A=A 200449

e W7t & A&3HES 464 %, AASAES 16.1 %

w

[e)
-

=2 Zﬁﬂﬁﬂ‘”*‘”‘ 61.5 @& APgE]o] Al o A+t
o] Hit 3L 65 %Ak
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