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Return flow analysis of paddy field by water balance method
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Abstract

A water balance analysis was performed for a paddy field neighboring the Dongchang
stream, downstream of the Unmun reservoir, which is constructed for the urban water
supply.

Daily rainfall data were collected and irrigation water flow rate, drainage flow rate,
evaportranspiration, infiltration, and piezometeric head were measured in the field.

The flow rates were continuously observed by water level logger during the growing
season. The evaportranspiration and the infiltration were measured by N-type depletion
meter and cylindrical infiltrometer, respectively. PVC pipes with 12mm diameter were
used for piezometric head measurement,

Total Irrigation and drainage flows were 3,608mm and 1,170mm in 1999, and 3,971mm
and 1,548mm in 2000, respectively. The mean and range of the daily infiltration rate were
44mm/d and 3.4mm/d to 55mm/d in 1999 and 5.1lmm/d and 4.1mm/d to 6.5mm/d in
2000, respectively. The net ground water flow including the change of soil water storage
was 2,855mm in 1999 and 2,540mm in 2000. The evapotranspiration was 458.3mm in 1999
and 5535mm in 2000. The range of daily evapotranspiration rate was from 16 to
8.7mm/d. The return flow ratio was about 32% in 1999 and 39% in 2000 and three vear
average was 35% including previous study in 1997

The amount of irrigation water was much higher than design standards or references in
this study, This was caused by the inadequate water management practice in the area
where water was oversupplied on farmers’ request rather than following sound water
management principles.
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Fig. 1 Plan view and main canal system of the study
area
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Table 1 Monthly weather data during the growing season (1989-1998)

Category Month May June July August September

Mean 17.1 21.0 24.8 249 20.0
Temp. (C) Highest 308 327 35.2. 34.8 30.1
Lowest 3.6 9.9 16.0 16.0 76
Relative humidity (%) 62.5 70.6 76.0 75.4 716
Wind velocity Mean 19 1.8 17 16 14
(m/s) Highest 7.9 7.7 77 76 75
Rainfall (mm) 84.4 148.0 2202 236.0 103.6
Sunshine hour (hr) 200.4 158.6 1737 185.9 172.7

Table 2 Soil texture by depth 2 foEd &

(unit © %)
DepthCOntent Sand Silt Clay Soil texture
0- 20cm| 434 323 24.3 Clay loam
20- 60cm|{ 404 33.4 26.2 Clay loam
60 -100cm|{ 32.1 526 15.3 Silty loam

dEH, shds Folth Table 3& AlPATFY E

Aol dHE YeRf qdrh

Table 3 Land use of the study area

(unit : ha)
Paddy | Orchard { Upland {Greenhouse| Other | Total
62.2 344 6.6 6.7 11 1110
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Table 4 Effective rainfall during the growing season

1999 2000
Month dlo Rainfall | ifective Ratio Rainfall Effective Ratio
ay Rainfall Rainfall
(mm) (%) (mm) (%)
(mm) {mm)
M 22.0 175 795 305 224 734
May L 43.0 317 737 130 6.8 52.3
Sub-total 65.0 492 757 435 29.2 67.1
F 210 163 776 50 0.0 0.0
M 144.0 916 63.6 0.0 0.0 0.0
June L 65.5 48.0 733 82.5 63.2 76.6
Sub-total 2305 155.9 67.6 875 632 722
F 945 476 50.4 8.0 6.4 80.0
s M 120 8.7 725 1380 1065 772
L 2100 138.0 65.7 2035 116.0 57.0
Sub-total 316.5 194.3 61.4 3495 228.9 65.5
F 164.0 101.2 61.7 425 296 69.6
M 815 64.4 79.0 225 148 658
August L 2635 172.8 65.6 1295 100.8 778
Sub-total 509.0 338 4 66.5 1945 145.2 747
F 725 576 794 265 196 740
Sept. M 139.5 80.0 57.3 2805 184.0 65.6
Sub-total 212.0 1376 64.9 307.0 203.6 66.3
Total/Average 1.333.0 8754 65.7 982.0 670.1 682
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Fig. 4 Piezometric head in 1999

Table 5 Evapotranspiration and infiltration rates for each 10-day period

(unit : mm)

Evapotranspiration Infiltration

Month 10-day 1999 2000 1999 2000
Moy M 398 284 440 510
L 3738 50.3 480 510
F 323 425 440 460
June M 328 509 440 61.0
L 316 205 440 51.0
F 446 67.0 440 470
July M 415 39.6 420 57.0
L 3138 485 400 67.0
F 312 438 390 52.0
August M 415 50.4 440 47.0
L 237 483 53.0 480
F 371 390 530 430
Sept. M 326 243 44.0 430
Total 4583 553.5 583.0 664.0
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Tahle § Water balance in 1999

(unit : mm)

Mznt 10-day (S )] Qe REeg ET Gy-G1+4S
M 196.9 608 175 398 1138

May L 2806 915 317 378 183.0

F 357.2 2326 163 323 1086

June M 287.0 1653 916 328 1805

L 258.8 6738 480 316 207.4

F 3134 605 476 4456 255.9

July M 365.6 88.0 87 415 2448

L 3150 89.0 138.0 318 33222

F (183.0)* (70.0) 1012 312 183.0

August M (255.0) (740) 64.4 415 203.9
L (167.0) (71.0) 1728 237 2451

F 3210 (40.0) 576 371 3015

Sept. M 307.0 (59.0) 80.0 326 295.4
Total 3.608.0 1.170.0 8754 4583 2.855.1

. estimated values in the parentheses
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Table 7 Water balance in 2000

{unit : mm)
Monty 10-day Qi Qe REs ET Ga-G1+ 45
May M 1615 98.9 224 284 56.6
L 395.2 195.9 6.8 50.3 155.8
F 5525 196.9 0.0 425 3131
June M 366.1 116.3 0.0 50.9 198.9
L 338.2 1240 63.2 20.5 256.9
F 4727 1025 6.4 67.0 309.6
July M 2226 1244 106.5 366 165.1
L 2754 95.6 116.0 485 247.3
F 2472 82.5 29.6 438 150.5
August M 207.3 824 14.8 50.4 89.3
L 2373 151.0 100.8 483 138.8
Sept. F 362.4 14438 19.6 39.0 198.2
M 1084 326 184.0 243 2355
Total 3,9714 1,548.0 670.1 5535 2,540.0
Table 8 Return flow ratio for each 10-day period
1999 2000
Monty 10-day Irrigation Drainage Retum' Irrigation Drainage Returnl
(m?) (m?) flow ratio () (m?) flow ratio
(%) (%)
May M 122,493 37,789 30.9 100,439 61,504 61.2
L 174,563 56,901 32.6 245,828 121,830 496
F 222,197 144,700 65.1 343,672 122,484 356
June M 178,488 102,847 57.6 227,698 72,356 31.8
L 160,970 42,202 26.2 210,372 77,132 36.7
F 194,960 37,643 193 294,035 63,757 217
July M 227,426 54,732 24.1 138,475 77,390 55.9
L 195,953 55,359 28.3 171,324 59,461 347
F (113,701)* (43,788) (38.5) 153,772 51,312 334
August M (158,740) (46,316) (29.2) 128,911 51,269 397
L (103,802) (44,164) (42.5) 147,627 93,950 63.6
F 199,927 (24,752) (12.4) 225,394 90,080 40.0
Sept. M 190,955 (36,480) (19.1) 67,426 20,307 30.1
1.477,050** 532,173** 36.0**
Total (2244175) | (727.673) (32.4) 2A470.1% 962832 3.0
* ! estimated values in the parentheses
** ¢ Sum of May to July
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