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Analysis of Water Loss Rate and Irrigation Efficiency in Irrigation Canal at the Dong-Jin District
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Abstract

The purpose of this study is to evaluate the paddy irrigation efficiency using real-time water level monitoring data and intermittent irrigation model in
Gimjae, Dong-Jin irrigation district . For this study, the real-time water level data in Gimjae main canal and other secondary canals were collected from
2012 to 2014 and converted to daily discharge using rating curve in each canal. From intermittent irrigation model in paddy, irrigation water requirement
was estimated and irrigation efficiency was calculated. The average amount of irrigation water supply per unit irrigation area was 1,011 mm in Gimjae
main canal for 12,749 ha irrigation area, 1,011 mm in the secondary canal of upper region and 1,470 mm in the secondary canal of lower region. The
median irrigation loss was 43 % in Gimjae main canal, 25 % in secondary canal of upper region and 35 % in the secondary canal of lower region. The
larger irrigation area is, the irrigation loss rates tend to decrease in secondary canals. Monthly median irrigation losses in upper region were 10 (June) -
40 % (September) and those in lower region were 25 (May) to 40 % (April, June, August, and September). The results of canal management loss can be
available as the basic data for irrigation water management and estimating guideline of optimal irrigation water supply to improve agricultural water use

efficiencies.
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Table 1 Irrigation scheduling and irrigation area of secondary canals in Gimjae irrigation area

Secondary canal ‘ Day of water supply | Irrigation area (ha)

Secondary canal ‘ Day of water supply | Irrigation area (ha)

Upstream Downstream
Whaho (WH) Thus,—Sun, 416 Juksan (JS) Mon,—Thus, 576
Daepyong (DP) Thus.—Sun, 1,008 Jongshin (JH) Mon,—Thus, 332
Gamgok (GG) Fri.—Mon, 823 Bukjuk (BJ) Mon,—Thus, 449
Shinyong (SY) Fri—Sun. 213 Daemok (DM) Mon,—Thus, 275
Shinpyong (SP) Fri—Sun. 153 Wolmi (WM) Mon,—Thus, 73
Yongsung (YS) Thue.—Fri, 683 Gohyeon (GH) Mon,—Thus, 102
- - - Jinbong (JB) Mon,—Thus, 2,015
SHo7] whso] 5H9)0] A ankE 4 g5k gl Agolch <7 ; T
(Kim et al., 2005; Lee et al., 2008). 7] Ztjoll A A Ad3e] i ° o A
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Fig. 1 Location map of surveying sites in the Gimjae irrigation
area (Hong et al,, 2015)

£ Aol PHsRo) gl oiet JarEel o4
2 9J5to] ShHs ol R BALY FE GG AntEE A A

(smarter water management system, http://dongjin.uirri.kr)
Ajle) Qgko 2 FAI7 o FAREAe] FEEo] ol A}
B4 A 2R AR U Al2E AR S 285
Atk (Fig. 1). Fig. 2= A W =8 2 $917A157] A
o] 91719} PARAG Lepl Aolo, LA A e
AERO 2 97) G414 (3HE, T, 713, A1, A1, 84
AL T4, 55 AR, 67 S A (54, B



Gimjae main canal (12,749 ha, 25 cumec)

o
Whaho canal (416 ha, 0.826 cumec)
—oO
Daepyong canal (1,008 ha, 1.925 cumec)
[—©O
[ ]
Gamgok canal (823 ha, 1.572 cumec)
—0
Shinyong canal (213 ha, 0.423 cumec)
—o0
Shinpyong canal (153 ha, 0.305 cumec)
[ ]
Yongsung canal (683 ha, 1.356 cumec)
Pogyo pumping station —p]
BY0 pumping Gimjae canal (2,691 ha,3.746 cumec)
(4
Honam station > Jooksan canal (576 ha, 1.145 cumec)
—oO
Jongshin canal (332 ha, 0.634 cumec)
—O
®
Bukjuk canal (449 ha, 0.858 cumec)
—o0
Daemok canal (275 ha, 0.526 cumec)
—oO
®
Neungjae canal (209 ha, 0.399 cumec)
. . ) —oO
station Jinbong canal (2,015 ha, 4.004 cumec)
@ Location of change of cross section | [0
Gwanghal canal (812 ha, 1.677 cumec)
All direct outlet has discharge l—o0
capacity of 0.03 cumec

Fig. 2 Water balance tree of surveying sites in Gimjae irrigation
area
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Table 2 The dry and wet year in Gimjae irrigation area from 1974

to 2013
Dry year Wet year

Period Annual Annual
Year precipitation Year precipitation

(mm) (mm)

1988 707 2003 1,860

1994 821 1985 1,732

Annual 1977 824 1987 1,682

1995 891 2000 1,637

1982 934 201 1,622

1988 560 2003 1,672

Buring 1977 651 2000 1,524

Imgation |™"q0, 665 1998 1,443

period
(Apr.—Oct.) 1982 666 1987 1,414
1995 759 1985 1,413

Table 3 Monthly precipitation during experimental periods

Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct
(mm)

2012 year| 52 32 7 300 | 406 | 209 59

2013 year| 89 90 106 | 350 | 278 86 23

2014 year| 80 40 89 223 | 356 88 101

Month
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REQ(t)+ PP(t) = ET,(t)+ DP(t) + SFO(t)

+AD(t) @)
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Fig. 3 Rating curve, reference level and water level monitoring data in Whaho secondary canal
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Table 4 Average, maximum and standard deviation of water level in Gimjae main canal and other secondary irrigation canal from 2012

to 2014
Gimjae Secondary canal in Upper region Secondary canal in Lower region
main
Name of canal | ;o0 | WH DP GG % SP YS Js JH BJ DM | WM GH JB
(cm)
Avg_” 21 21 25 27 15 14 26 25 21 - - - - -

2012 | Max’ 96 96 101 131 83 81 14 106 106 - - - - -

Std.” 28 28 28 40 23 12 28 33 32 - - - - -

Avg. 30 30 35 35 24 24 22 35 4 37 46 27 19 39

2013 | Max 96 96 101 133 92 78 91 107 124 98 13 92 72 116
Std. 32 32 33 42 31 23 25 37 42 33 34 26 23 42

Avg. 26 26 31 37 25 17 37 27 34 39 51 31 27 36
2014 | Max 94 94 99 123 81 63 107 92 106 104 m 88 105 108
Std. 30 30 30 39 27 12 25 28 32 28 28 25 28 34

Avg. 26 26 30 33 21 19 28 29 32 31 40 25 24 30
Total | Max 96 96 101 133 92 81 14 107 124 104 180 92 105 116
Std. 30 30 31 40 27 17 27 33 37 32 36 25 26 36

1) avg.: average, 2) max: maximum, 3) std.: standard deviation
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2,500 «’g 100 ﬂ:/ ;E‘
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(a) Main canal (Gimjae canal) (b) Secondary canal in Upper region (Whaho canal)
250 12,000
~=---0Obs. (2012) Obs. (2013) = Obs. (2014)

- (2012) (2013) (2014)
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(c) Secondary canal in Lower region (Juksan canal)

Fig. 4 Comparison of total water supply of irrigation canals during 2012—-2014

SaEgssi=EA Als7A A&, 2015 « 97



SRR gz &8 H Wiss EM

3,500
Apr. May Jun. Jul.

3,000 Aug. Sep. W Oct. —Average

~
w
e
S

g
o
S
S

=
w
3
S

I

‘Water supply per unit irrigation area (mm)

I

-
o
=
S
I
I
e

@
S
S

HARHHHIH

'12'13'14'12'13'14'12'13'14'12'13'14'12'13'14'12'13'1412'13'14 121314121314 "13'14'13'14"13'14'13'14 1314

WH DP GG sy sp ¥s I JH B) DM WM GH B

Gimjae Secondary canal in upper region Secondary canal in lower region

main
canal

Fig. 5 Monthly average and average of upper and lower region
water supply per unit irrigation area in Gimjae main and
secondary canals

Tl ST AL & AR

AR AR AR 35S 49 261.3 mm, 5 346.1
mm, 6 386.7 mm, 7€ 256.5 mm, 84 363.7 mm, 92 417.1
mm, 10 35.0 mm ©| It AT 7ol A= Hdt 4
32.4mm, 5% 258.7 mm, 64 246.0 mm, 7% 119.5 mm, 8
183.1 mm, 9 152.3 mm, 10€ 19.6 mm Fg=om, 5
FEHoAE=HH4Y54mm, 52 217.1 mm, 69315.7 mm,
7% 221.9 mm, 8 257.6 mm, 9 418.8 mm, 10 0.4 mm
SEE AT 4, 592 AFolA Fael o weteu 6Y
o|Foll = sh FaFol Wetow, 53] 99 Fa2 skt
Frol| A Aot vl mato] oF 2.7 vl =)t

3. e 28 M2

= e FagS AR T8 07
YHILA (MAF, 1999); ol A = B -& EHES B+ 23
%2 FASHHE & AtolMe Al EAE (canal
management/system loss) S 20 %= 715k 7o) =
B2 2.g310] 2|41 TR0 B2 5484 (net water
requirement) 2! Z-8<2F (gross water requirement)2 AH4
Shaick A48 SAES APIEL] Slste] A48 2840
3} A1) B ulamsto] 2141 g awe) 540 o)
Sfo HAI5teIT Fig. 62 AA| T 83 et 418 20
%5 71 7eh) w3 o] 3 vl AToleh. 17
ZH5] A TR A 12,749 haoll K] 48820 % 714
S A8 Ask AAH A48 2 B
AT} Tl 9L FAFE 1,077-1,337 mm2, A7) AT
AFROA FE 8T (1,900 mm)2-20 % oo &4

24} 5

E

98 « Journal of the Korean Society of Agricultural Engineers, 57(2), 2015, 3

M Ovserved O Simulated

bl
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Fig. 6 Comparison of observed water supply and simulated water
supply considering 20 % conveyance loss in Gimjae main
and secondary canals
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Fig. 7 Comparison between irrigation area and conveyance loss
of secondary canals in Gimjae irrigation area
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Fig. 8 Monthly and total average conveyance losses of Gimjae
main and upper and lower secondary canals

o
.

d
= =

fhg o2 4o oY Sugol itk WHESE 22
71 B8] AHE DA 590 ol fAshor
of, Wasepo] Mol U 4:9] oJAhE § A5

ok Bk 99e: 22 S ebiA] fidsol =
Arre FEshAe, 23 BAUAT Ba
b1 9lstel o e §48 T el &
Bk

(O
p
1T
o Mo

j
ol

Of
-
s

O]
o
D=

w )y W
s
|
I

flo
r o

M of
o
Hir' of
flo
pav)
i

¢

v. 2 E

H AgE FAAE ATA = SRS gz
2012-2014 3\U7F A= AIE7] AAZE =9 ZYEH
Abw 9 7l g g-8ato] AP AR U F8
AA HAE ek ASHaL A A H YW = To)8
FEES HrNe

AR AQE Hat 29126 cm, F o] 9]+ 96 cm
o|glom, AH BWANHEA 12,749 haol Ht 242,402 10° m’
(1 FAHHE AT 1,900 mm) 7087 AP A2
SEEH AL A AR 8 A Hd == 19 (4
)33 () cm, 3 58 XA Hat =91=24 (A1F)-40
(%) em o]} o, AATHA AR Fot T8
2 1,011 mm, 3745 1,470 mm o] itk P THe|8~F
TS A EH, AT AR A=19.6 (109) - 258.7
(5€) mm, sHFF0lA4=0.4 (109Y) - 315.7 (6¥) mm ¥
ATt 4, 5L Ao A agTFo] Wekol,, 69 o]
o= 35 SEgTo] ARt wtch

7wy 9 AR S3gwe E8ste] JAIRE
AR} A A SAES ARSIt AA| S5

—L
H
A A3 AR AL, SR, s S e A4l

=

£
o
2

e Hr

s otsl=ry Al57A A%, 2015 © 99



STXF 8z £4E &

cho A gl 2%t WAlE TETEOl Bot SAE A
Al Al Ikt AAIREA ARl A AAIZAL A o
%] 12,749 haol| 3% WS AR ELES 43 %
o|lem, HAIM A T8RN EUE TSI 25 %,
SHFTE TR A4 EUE FYRZ35 % o130tk AAIRMA
AR A S EE T AR S A Adof A 2] 4=
2EAY, Ao 2o i & 52 aLefsto] bR HE
7HA Ssfof 3h7| wiZell A sk e AT &
S v st B2 oFe WS EEHAL EUE
© 2o Zlo R ghbE
Aukg o 47]1\11@

Y r

5% Ao 3Tk 991 o} Al fosol] L
HA NS 2 WA 5557 flelA] 2o
o|Ato] 842 FH3H Ao & weheEth

2 Aol Aak= i, L/ﬁ AN SAES AR

2 5 = BASS HATFY AON glo] 5Ug B
elel 71t ARG 7kl slo 2 st wek A

U AR5, S ol el B B

R T T

A A}

B AL ol 2T FolEATUY “§HAT A
2 G4 g e A LAV R E B 3] e 1
202 Pl AT FFO 2 25T

REFERENCES

1. Aly, AM., Y. Kitamura, and K. Shimizu, 2013. Assessment of
irrigation practices at the tertiary canal level in an improved
system—a case study of Wasat area, the Nile Delta. Paddy
Water Environment 11: 445-454.

2. Choi, J.K., J.G. Son, and Y.J. Kim, 2012a. Analysis of
agricultural water supply system at the Dongjin-River basin.
Journal of the Korean Society of Agricultural Engineers 54(1):
11-18 (in Korean).

3. Choi, JK., J.G. Son, J.T. Kim, and Y.J. Kim, 2012b. Flow

100 - Journal of the Korean Society of Agricultural Engineers, 57(2), 2015, 3

10.

11.

12.

13.

14.

characteristics of lateral irrigation canals diverted from Kimje
main canal in Dongjin irrigation area. Journal of the Korean
Society of Agricultural Engineers 54(5): 113-121 (in Korean).

. Hong, EM, W.H. Nam, J.Y. Choi, and J.T. Kim, 2014.

Evaluation of water supply adequacy using real-time water
level monitoring system in paddy irrigation canals. Journal of
the Korean Society of Agricultural Engineers 56(4): 1-8 (in
Korean).

. Hong, E.M, J.Y. Choi, W.H. Nam, and J.T. Kim, 2015. Decision

support system for the real time operation and management of

an agricultural water supply. /rrigation and Drainage, submitted.

. Irmak, S., L.O. Odhiambo, W.L. Kranz, and D.E. Eisenhauer,

2011. Irrigation efficiency and uniformity, and crop water use
efficiency. University of Nebraska-Lincoln Extension Circular
EC732.

. Kim, J.S., S.Y. Oh, K.Y. Oh, and J.W. Cho, 2005. Delivery

management water requirement for irrigation ditches associated
with large-sized paddy plots in Korea. Paddy Water Environment
3:57-62.

. Kim, U.S., Y.T. Kim, and Y.J. Lee, 2003. Feasibility Analysis

of the TM/TC System in Agricultural Water Management : A
Case Study of Chungju and Sangju. Korean Journal of
Agricultural Management and Policy 30(4): 640-666 (in
Korean).

. Koo, JW.,K.C. Lee, J.Y. Kim, and J.Y. Lee, 1982. A study on

the estimation of water loss rates in irrigation canals. Journal of
the Korean Society of Agricultural Engineers 24(2): 56-66 (in
Korean).

Korkmaz, N., M. Avci, H.B. Unal, S. Asik, and M. Gunduz,
2009. Evaluation of the water delivery performance of the
Menemen Left Bank irrigation system using variables measured
on-site. Journal of Irrigation and Drainage Engineering 135:
633-642.

Kumar, R., and J. Singh, 2003. Regional water management
modeling for decision support in irrigated agriculture. Journal
of Irrigation and Drainage Engineering 129: 432-439.

Lee, Y.J., P.S. Kim, S.J. Kim, Y .K. Je, and U.J. Joo, 2008.
Estimation of Water Loss in Irrigation canals through Field
Measurement. Journal of the Korean Society of Agricultural
Engineers 50(1): 13-21 (in Korean).

MAF (Ministry of Agriculture and Forestry Republic of
Korea), 1998. Design Standard of Farming Scale Improvement
Project-Irrigation Part 9. Ministry of Agriculture and Forestry,
Republic of South Korea (in Korean).

MAF (Ministry of Agriculture and Forestry Republic of
Korea), 1999. Comprehensive Report of Agricultural Water
Requirement. Ministry of Agriculture and Forestry, Republic
of South Korea (in Korean).



15. Nam, W.H., T. Kim, J.Y. Choi, J.T. Kim, and M.C. La, 2011. management. Journal of the Korean Society of Agricultural
Wireless Sensor Network Development using RFID for Engineers 55(4): 45-53 (in Korean).
Agricultural Water Management. Journal of the Korean 17. Unal, H.B,, S. Asik, M. Avci, S. Yasar, and E. Akkuzu, 2004.
Society of Agricultural Engineers 53(5): 43-51 (in Korean). Performance of water delivery system at tertiary canal level: a
16. Nam, W.H., J.Y. Choi, EM. Hong, and J.T. Kim, 2013. case study of the Menemen Left Bank Irrigation System, Gediz
Assessment of irrigation efficiencies using smarter water Basin, Turkey. Agricultural Water Management 65: 155-171.

Bl=mgelal =i Al57d A2, 2015 < 101



