AEFIKEES) KB RE HEO MWEt HR

A Study on the Estimation of Watter Loss Rates in Irrigation Canals:
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Ja Woong Koo, Ki Chun Lee, Jae Young Kim, Jae Young Lee

Summary

This study was carried out in order to estimate water losses in irrigation canals, whi-
ch may be used to evaluate the water requirement for irrigation projects. The conveya-
nce losses were measured by the inflow-outflow method, the seepage losses were meas-
ured by the ponding method, and the operation losses in the course of irrigation were
calculated by comparing the two kinds of losses.

The results obtained in this experiment were as follows:

1. Conveyance losses per unit area of wetted perimeter by the main irrigation canal,
the secondary irrigation canal and the tributary irrigation canal, were 1.399x10-%
m3/sec/m2, 5.154 x10-% m3/sec/m2, and 2. 670 x10-5 m3/sec/m? respectively in the Goo-
ng-sa area. And they were 1.934x10-5 m3/sec/m?, 2,149x10-5 m3/sec/m?, and 4. 558 X
10-5m3/sec/m? respectively in the Seong-dug area.

2. Seepage losses per unit area of wetted perimeter by the secondary irrigation canal
and the tributary irrigation canal, were 2.180x10-¢ m3/sec/m? and 2.168x10-¢ m3/
sec/m? in the Goong-sa area, 1.150x10-¢ m3/sec/m? and 1.084x10-% m®/sec/m? in the
Seong-dug area respectively.

3. Operation losses per unit area of wetted perimeter by the secondary irrigation canal
and the tributary irrigation canal, were 4.936x10-5m3/sec/m? and 2.453 xX10-° m3/sec
/m? in the Goong-sa area, 2.034x10-% m3/sec/m? and 4.450x10-5 m3/sec/m? in the
Seong-dug area respectively.

4, Conveyance, seepage and operation losses in the Goong-sa area were 6.7%, 94.6%,
and 14.0% more than those in the Seong-dug area. Operation losses amount to about
17 times as much as seepage losses in the Goong-sa area and about 29 times in the
Seong-dug area.

5. The seepage losses depend much on the soil texture, ranging from 7.437x10-7 m3/
sec/m? to 2.430 X10-°m3/sec/m?2.
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6. Water loss rates in the main irrigation canal, the secondary irrigation canal and the
tributary irrigation canal, were estimated as 8.49%, 37.27% and 9.81% respectively
in the Goong-sa area. And they were estimated as 15.10%, 32.67% and 13.78% resp-

ectively in the Seong-dug area.
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Fig. 2. Plan of Seong-dug experimental area

Table-1. Experimental canals in Goong-sa

area

i Length -
Canal \ Canal of \ Remarks
classification ]‘ type canal (m).
Main } ! Concrete lin-
irrigation canal ; GMIC1 2,000i ing canal
Secondary ‘ .
irrigation canal| GSIC 1 500; Unlined canal

” 1 GSIC 2 400 "

" ] GSIC 3 300 "
Tributary | ; i .
irrigation canall GTIC ]‘ 400 Unlined canal

i GTIC 2 460 1"

1/ GTIC 3 230i "

" GTIC 4| 420 "

" GTIC 5# 480 "

GMIC: Goong-sa main irrigation canal
GSIC ;: Goong-sa secondary irrigation canal
GTIC: Goong-sa tributary irrigation canal

Table-2. Experimnetal canals in Seong-dug

area
Length
Canal Canal
classification type cangg(m)‘ Remarks
e SMIC1 1, 800! Unlined canal

irrigation canal

pocondarY  anal| SSIC 1 450] Unlined canal

" SSIC 2 440, "

" SSIC 3 660 ”

” SSIC 4 340] Concrete lin-

ing canal

" SSIC 5 340} Unlined canal
i’l;ggggg canal | STIC 1| 400/ Unlined canal

" STIC 2 400 ”

" STIC 3 250 "

" STIC 4 250 "

" STIC 5 230 "

" STIC 6 180 ”

" STIC 7 180 ”

" STIC 8 220 1"

" STIC 9 300 ”

" STIC10 250 "

" STICI1 160 "

SMIC: Seong-dug main irrigation canal
SSIC : Seong-dug secondary irrigation canal
STIC: Seong-dug tributary irrigation canal
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Fig. 3-a. Measaring velocity with a carrent
meter in a main jrrigation canal
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Table-3a. Meteorological data at Jeongeub
station

'wx Tempe-| Precipi- Relative Evapor-
| rature | tation | humidi-| ation
Month NS (mm) [ty (%)} (mm)
E 24, ¢ 150. 5 81.8 22.3
Jul, M 26.0 106. 9 78,7 37.3
L 28.1 8.0l 7.5 542
Average 26. 2‘ 77.3
E t 25.4 11890 77. 3i 37.5
Aug. M f 25.5 45.8 73. 9i 43.0
L | 23.8 167.0 75. 8‘ 33.8
Average ‘ 24.9 75. 7|
g | 218 744 738 314
Sept M l‘ 18,1 — 72,6 38.8
L

Tahle-3b. Meteorological data at Jeonju

station
Item | Tempe | Precipi-| Relative| Evapor-
ratur -| tation | humidi-| ation
Month °C) (mm) ty (%) | (mm)
E 25,0 177.1 80. 4 28.6
Jul. M 26.2 141.0 80. 0, 40.9
L 28.3 20. 8 73.0 59.3
Average 26. 5 ’ 77.9
E 25.5 136. 3 79.8 24,8
Aug. M 25.6 87.3 74.7 A7.4
L 23.7| 253, 4 78.3 34.3
Average 24,9 77.6
E | 229 e0.2 728 310
Sept. M 18.3 — 70.9 36.8
L
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Table-4. Soil texture of experimental canals

Sample Atterberg Limit (%) Gradation analysis(%) Speci'fic ’ Sloai;sificati on

LL | PL | PL | Sand | Silt | Clay | **"% | Textural [Unified
GSIC 1 NP | 2| 4 6 2.70 | Sandy loam  SM
GSIC 2 NP 64| 28 8 2.65 PR
GSIC 3 NP | 52| 3 12 2.63 oo
GTIC 1 NP 53 | 38 9 2,60 | Sandy loam| SM
GTIC 2 NP 62 | 30 8 2,62 " "
GTIC 3 NP 52 | an 17 2.71 " "
GTIC 4 NP 62 30 8 2.63 " "
GTIC 5 NP 52 38 10 2.72 " "
ssIC 1 37 18 19 | 5 40 9 2.71 | Sandy loam| SC
sSIC 2 45 21 24 | 28 50 2 2.69 | Clay loam | CL
ssic 3 25 22 30 31 44 25 2.68 " CH
ssIC 5 521 0?3 29 25 67 8 2.65 | Silty loam |
STIC 1 35 18 17 38 50 12 2.67 | Silty loam | CL
STIC 2 47 23 24 28 | 53 19 2.68 " "
STIC 3 | 38 17 21 43 38 19 2.69 | Clay Loam|
stic 4 | w7 18 19 42 46 12 2.68 |  Loam "
STIC 5 49 22 27 30 | 46 24 2.70 | Clay loam |
STIC 6 54 23 3 32 54 14 2.68 | Silty loam | CH
STIC 7 | 58 21 37 3 - 45 19 2.68 Loam CL
STIC 8 | 54 20 34 25 57 18 2.63 | Silty loam | CH
STIC 9 ‘, 38 18 20 43 W 8 2.60 Loam cL
STIC 10 | 45 19 26 33 1 55 12 2.68 | Silty loam |
sTIc m | 38| 21 | 7| 53, 33 14 2.72 | Sandy loam| SC

Table-51. Velocity and discharge in the expsrimental canals lat Goong-sa area

| Cross-sectional area of

t(};;gal | Velocity (m/sec) flow (m?) w*w1’3_is<:harge (m?/sec)

i Inflow } Outflow Ji Inflow |  Outflow Inflow [ Outflow
GMIC 1 | 0.475 | 0.433 | 30.518 31,800 | 14.415 | 13.761
GSIC 1 0.276 0.321 0. 468 0.215 0.129 0.069
Gsic 2 | 0.178 0.278 0. 746 0.223 0.133 0. 062
GSIC 3 | 0.278 0. 243 0.223 0.140 0. 062 0.034
GTIC 1 0.088 0.131 0. 284 0. 099 0.025 0.013
GTIC 2 0. 086 0. 194 0.220 0.031 0.019 0. 006
GTIC 3 0. 074 0. 150 0. 046 0.014 0.003 0. 002
GTIC 4 0.095 0.191 0. 346 0. 068 0.033 0.013
GTIC 5 0.171 0.280 0.105 0.025 0.018 0. 007
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Table-5b. Volocity and discharge in the experimental canals at Seong-dug area

Canal Velocity (m/sec) %go;s-gg;:zt)ional area of I Discharge (m?®/sec)

type Inflow | Outflow Inflow | Cutflow | Inflow | Outflow
SMIC 1| 0.248 | 0.342 | 4.119 2.279 1 1020 | 0.798
S (o i 0.290 | 0.149 0.246 | 0. 381 0.071 ! 0.057
ssic 2 0.149 | 0.070 0.381 | 0.326 0.057 | 0.023
ssiIc 3 0.070 0.075 0.326 0.211 0.023 | 0.016
ssic 4 0. 156 0.132 0.515 0. 560 0.080 0. 069
ssic 5 0.132 0. 100 0. 560 0.474 0.069 0. 048
STIC 1 | 0.193 0.137 0.139 0.104 | 0.026 | 0.014
STIC 2 0. 249 0.085 0.084 0.037 0.021 | 0. 003
STIC 3 0. 189 0.117 0.122 0.109 0.023 | 0.013
STIC 4 0. 184 0.199 0.058 0.024 0.011 | 0. 005
STIC 5 | 0.494 0. 585 0.172 0.106 0.085 | 0. 062
STIC 6 0.158 0.105 0.038 0.019 0.006 | 0. 002
STIC 7 0. 824 0. 236 0.022 0. 050 0.018 | 0.012
STIC 8 0.093 0.167 0. 251 0.072 0.023 | 0.012
STIC 9 0. 081 0.181 0.163 0.048 0.013 | 0. 009
STIC 10 0. 082 0. 064 0.046 0.030 0.004 | 0. 002
STIC 11| 0. 401 0.063 | 0.017 0.044 0.007 | 0,003

Table-ga. Conveyance losses estimated by. inflow-outflow method at Goong-sa area

Total area

i Losses per unit

Canal E Length of wetted Discharge (m?/sec) Total area of wetted
type of canal perimeter ; R R logses perimeter
i (m) (m) Inflow | Outflow ‘ Diversion |(m®/sec) (m®/sec/m?)

GMIC 1 ] 2,000 ’ 48,733 14,502 13,761 ! 0. 059 I 0. 682 | 1.399x 10-5
GSIC 1 ; 500 878 0.129 0.069 | Q.034 0.026 | 2.961x10-#
GSIC 2 400 744 0.133 0. 062 0.011 0. 059 7.930x 10-%
GSIC 3 300 372 0. 062 0. 034 0.011 0.017 4,570 10-¢
Average | | 5.154%10-%

Table-gb. Conveyance losses estimated by inflow-outflow method at Seong-dug area

Losses per unit

Canal i Length| Total area of i Discharge (m?/sec) Total 8
type !of canal| wetted peri- " ‘ Lgsses ;g:?m?ai elv,v etted
! (m) meter (m*) | Inflow i Cutflow | Diversion |(m®/sec) (m®/sec/m®)

SMIC 1| 1,800 nses | 100 | 0798 | —0.002 | 0.224]  1.934x70
SSIC 1 ! 450 830 | 0, 071 0. 057 — 0.014 1. 687 x10-8
SSIC 2 440 750 i 0. 057 0.023 — 0. 034 4.533x10-%
ssic 3! 640 1,033 | 0.023 0.016 — 0. 007 6,776 10-*
SSIC 4 ] 340 740 l 0. 080 0. 069 0. 005 0. 006 8. 108 x 10-¢
SSIC 5 | 340 692 | 0. 069 0. 048 — 0. 021 3.035%x10-®
Average 1 | 2,149 x10-¢
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STIC 1 | 400 406 0,026 0.014 | -- 0.012 2.956x10-°
STIC 2. 400 2648 0,021 0. 003 — 0.018 6,716 %1078
STIC 3 250 213 0. 023 0.013 — 0. 010 4,695x10-8
STIC 4 | 250 131 0.011 0. 005 — 0. 006 4.580x10-®
STIC 5 230 245 0.085 0. 062 o 0.023 9.388x10-°
STIC 6 180 81 0. 006 0. 002 — 0. 004 4,938x10-*
STIC 7 | 180 16 0.018 0.012 — 0. 006 5.172x 10-¢
STIC 8 | 220 227 0.023 0.012 — 0.011 4,846 10
STIC ¢ 300 281 0.013 0. 009 — 0. 004 1,423 x10-¢
STIC 10 250 145 0. 004 0. 002 —_— 0. 002 1.379x10-°
STIC 11 160 99 0.007 0. 003 — 0. 004 4,040 10-®
Average } 4,558x10-®
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Table-8 @ Fig. 44 ¢4 & ute} o] 54
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Table-7a. Seepage losses estimated by ponding method at Goong-Sa area

Canal | Lengih Toml Gl Averate | TORTAIE | Totl secpage | Sotha o So
type | canal | level during water perimeter ogses wetted perimeter
' (m) ' 24hrs (m) | surface (m)| (m?) | (m?/sec) (m?/sec/m?) texture
GSIC 1 250 ; 0. 145 1.74 246, 1 6,710x 10— 2.726x10-¢ | Sandy loam.
GSIC 2 v | 0.211 1.80 331.2 1.014x 10 3.061x10- "
GSIC 3 " 0.080 1.30 368.0 2.768x10* 7.523%x10-" Lining
Average 2.180x10-¢
GTIC 1 30 0. 140 1.26 27.45 6.124x10-° 2.231x10-* | Sandy loams
GTIC 2 " 0. 149 1.65 31,80 5,415x10-¢ 1.703x 10~ "
GTIC 3 " 0,130 1.15 34,50 8,124 x10-° 2.355%x10-* "
GTIC 4 1 0.167 1.25 33.00 7.250x 10~ 2.197x10- ”
GTIC 5 ” 0.175 1.28 33.00 7.765%10-° 2.353x10-¢ ”
Average 2,168x10-
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Table-7b. Seepage losses estimated by ponding method at Seong-dug area

Length | Total fall | Average Total area Seepage losses
Canal of in water width of of wetted Total seepage 1 per unit area of Soil texture
type canal | level during| water perimeter losses (m?/sec) wetted perime-
(m) 24 hrs (m) | surface (m) (m?) | ter (m®/sec/m?)
SSIC 1 30 0.185 1.68 | 55.27 1.079 x 10~¢ 1.952%10-¢ Sandy loam
SSIC 2 30 0.107 1.73 56.70 6.430%x10-® J 1.134x10-¢ | Clay loam
SSIC 3 30 0.071 1.63 53.74 3.993x10-5 | 7.437x10-7 1"
SSIC 4 30 0.052 1.85 60, 35 3.361x10-8 | 5.578%10-" | Lining
|
SSIC 5 30 0,128 1.78 58. 24 7.921x10-% | 1,360 10-¢ | Silty loam
Average i 1.150x10-¢
| —
STIC 1 20 0. 086 1.25 27.65 | 2.486%x10-® 8. 998 10-" | Silty loam
STIC 2 20 0.107 1.17 25. 81 2.909 % 10-¢ 1,127 x10~¢ "
STIC 3 20 0.062 1.20 26,44 1.727 X 108 6. 537 x 107 Cilay loam
STIC 4 20 0. 094 .15 25,30 l 2.512x10-® 9.935%10-" | Loam
STIC 5 20 0. 068 1.23 27.00 1.947 x10-¢ 7.251x10~" | Clay loam
STIC 6 20 0.073 1.18 26.17 1.984x 10 7.581x10-" | Silty loam
STIC 7 20 Q. 161 1.16 25. 65 4,327 x10-¢ 1. 687 x 10~¢ Loam
STIC 8 20 0, 095 1. 21 26, 63 2. 674 x 103 1.004x 10-* | Silty loam
STIC 9 20 0.139 1. 14 23.82 3.668x 10~ 1. 540 10-¢ Loam
STICI10 20 0.119 1.06 23.56 2.910x 10-8 1.231x10-¢ | Silty loam
STICI 20 0.124 1.26 27.68 ] 3.615x10-* 1.306x 10-¢ Sandy loam
Average J 1.084 x 10-°
Table-8, Seepage and Operation loss2s in experimental canals
Conveyance losses Seepage losses Operation losses
Area Canal type (m?®/sec/m?) (m®/sec/m?) (m?®/sec/m?)
GSIC 5.154x10-¢ i 2.180% 10-¢ 4,936 10
Goong-sa GTIC 2.670x10-5 ' 2. 168 X108 2.453x 10-¢
Average 3.912x10-8 ) 2.714x10-¢ 3.695x10~*
| ssic 2,149 %10-5 | 1150108 2.034%10-°
Seong-dug STIC 4,558 10-* j 1. 084X 10~ 4, 450 10-5
Average 3,354 10-° E 1.117x10-¢ 3.242x10-%
Table-9. Conveyance and seepage losses for soil texture
Soil classification Conveyance Seepage
Canal type losses losses
Texture { Unified (m®/sec/m?) (m®/sec/m?)
Sandy loam ‘ SM GSIC 1, GSIC 2, GTIC 1-5 3.483x 105 } 2,430 x10-¢
12 SC SSIC 1, STIC 11. 2.864x10-¢ i 1.629 x 10-¢
Loam I CL STIC 4, STIC 7, STIC ¢ 3.725x 105 | 1.407 x 10-¢
Silty loam CL STIC 1, STIC 2, STIC 10 3.684x10-3 1.086x10-¢
" ~CH SSIC 5, STIC 4, STIC 8 4,273%x10-° 1.041x10-°
Clay loam CL SSIC 2, STIC 3, STIC 5 6.205x10-% 8.364x10-7
1 CH SSIC 3 6,776x10°"8 7.437 X 10~
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Table-10. Rate of water losses in experim ental canals

Area

Canal| Total Average Total area | Conveyance los-| Total | Irrigation | Rate
(benifited length of | wetted of wetted | ses per unit area| conve- | water of

area) type | canals(m) | perimeter perimeter | of wetted peri- jyance |requirement| water
(m) (m?) meter (m®/sec/m?) losses | (m®/sec) losses

[(m?/sec) (%)
GMIC 3,610 24,374 87,991 1.399x10-% 1.231 14, 502 8.49
Goog-sa GSIC 9,729 1. 800 17,515 5.15410-% 0. 903 2.423 37.27
(251ha) GTIC| 11,885 1.206 14,333 2.670%10-3 0.383 3.930 | 9.81
Total 55.57
SMIC 3,548 6.280 | 22,280 1.934%10-¢ 0.431 2.854 15.10
Seong-dug | SSIC 4,294 3.920 16, 831 2. 149 10-% 0.362 1.107 | 32.67
(321ha) STIC 16,789 2.286 38,385 4.558x10-8 1.750 12. 694 13.78
Total 41.55
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