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1 590  

 

 

3
 

 

(Potential evapotranspiration 
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rate) (Actual evapotranspirartion rate)

 

90%

( )
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(relative transpiration)
(transpriation coefficient)

 

 

3.4  

 

(Field capacity, FC) (Permanent wilting point, PWP)
 



39 

3-1 pF 3-1
 

 
3-1 pF  

 

3-1  

       

(%) 2.2~3.5 3.5~8.5 8.5~16.0 13.0~22.0 18.0~28.0 25.0~36.0 

(%) 1.2~1.7 1.5~3.5 3.5~7.0 5.0~10.0 7.5~15.0 14.0~22.0 

(%) 1.0~1.8 2.0~5.0 5.0~9.0 8.0~12.0 10.5~13.0 11.0~14.0 

2011  

56 (FAO 
Irrigation and Drainage Paper No.56: Crop Evapotranspirartion)

(Total Available Water, TAW) (3-2)
 

(Readily Available Water, RAW)

 
 

 
 

 
 

 

 

pF 
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(p) TAW
(3-3) ( )

3-2 (p)
3-2  

3-2  

 
FAO Irrigation and Drainage Paper No.56  
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3-2  

(RAW)
(p)

(IoT) App
 

………………………………………………...…(3-2) 

TAW (mm) FC ( %) PWP
( %) As Rz  (mm)  

…………………………………………….….…(3-3) 

RAW (mm) TAW (mm) d
(mm) p  (%)  

(TAW)
(d) (3-4)~(3-7)  

(θ)  

………………………………………………..…….…(3-4) 

1/2  

1/2
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1/2 (TAW) (3-3) p 1/2  

………………………………….….…(3-5) 

1/4   

1/4
3/4 (TAW) (3-3) p 3/4  

……………………………..…………(3-6) 

3/4   

3/4
1/4 (TAW) (3-3) p 1/4  

……………………….…...………(3-7) 

(Soil water characteristic curve)
pF ( )

 

RETC
(3-8)  

……………………………………..….………..(3-8) 

 

3-3 RETC
10cm 30cm 40cm 60cm
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10  

 
30  

 
40  

 
60  

3-3  

3.5  

1. 1972  

2. 1980  

3. 1984
 

4. 1985  

5. 1994
42(1):38-44  

6. 2000 46(4): 
33-47  

7. 2002
 

8. 2003
p670-681  
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4.1  

120~122 22~25 3.6

  

500
45 660 17%

312
3,000 4,000  

4-1
107

79.07
27.15 16.98 10.17

7.53  

4-1 ( 97~107 ) 

  
 

 
 
 

 
 

 
 

97  822,364  252,292  148,333  103,959  57,402  
98  815,462  254,590  151,338  103,252  58,303  
99  813,126  243,862  139,941  103,922  57,249  

100  808,294  254,255  153,405  100,849  60,924  
101  802,876  260,762  156,662  104,101  57,535  
102  799,830  270,165  162,869  107,296  60,660  
103  799,611  271,051  166,602  104,449  70,566  
104  796,619  251,861  146,597  105,264  72,149  
105  794,005  273,837  168,872  104,965  76,489  
106  793,027  274,677  169,819  104,859  77,836  
107  790,680  271,506  169,789  101,717  75,313  
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17 4-2 105
17

36.78
46.2%

 

4-2 17 ( 105 ) 

\  
 

      
103  373,096  241,104  32,197  22,161  48,892  28,742  
104  368,575  237,167  32,091  14,180  56,625  28,513  

 367,847  236,612  31,998  14,157  56,554  28,526  
 18,551  18,551  - - - - 
 5,299  4,307  992  - - - 
 466  - - - - 466  
 627  440  - - - 187  
 22,677  22,677  - - - - 
 12,085  12,085  - - - - 
 6,033  6,033  - - - - 
 9,504  9,504  - - - - 
 26,283  21,602  44  - - 4,637  
 12,412  11,854  558  - - - 
 44,416  40,683  519  - - 3,214  
 63,577  13,943  6,047  13,811  21,634  8,142  
 74,434  22,951  9,179  346  34,920  7,038  
 19,736  10,583  9,153  - - - 
 25,076  17,720  4,743  - - 2,613  
 14,173  11,567  763  - - 1,843  
 12,498  12,112  - - - 386  

2016  

4.2  

4.2.1  

4-1 1981~2010
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22℃
25℃ 29℃ 15℃

20℃

 

 
4-1 (1981 ~2010 ) 

 
20

(Intergovernmental Panel on Climate Change, IPCC) 2013 5
1880 2012 0.85

10 (2003-2012) 19 (1850-1900)
0.78 4-2

6 1915~2014
6 (

) 100 50
30 30

50
1990  

(climate change) 4-3

19 2 17 9  

12 3
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4-2 (1915~2014 ) 

 

 
4-3  
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4.2.2  

5 10
11 4

 

2,510mm

78% 5 10

9 1 4-4
2016 2016

1180 14% 165.5
78% 5 10

60% FAO 2014
13 2017

19 4-5  

 
4-4  

4-3
90-100 179

71.5%
60.8% 18.8% 8.8%  
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4-5  
2016  

4-3  

 
 

% % % %
90 18,486 13,012 70.4 11,479 62.1 3,734 20.2 1,740 9.4
91 18,701 13,410 71.7 11,764 63.6 3,525 19.1 1,766 9.6
92 17,601 12,434 70.6 10,780 58.3 3,559 19.3 1,608 8.7
93 17,790 12,604 70.8 10,795 58.4 3,532 19.1 1,654 8.9
94 17,958 12,882 71.7 11,137 60.2 3,532 19.1 1,545 8.4
95 17,412 12,238 70.3 10,549 57.1 3,598 19.5 1,576 8.5
96 18,577 13,359 71.9 11,667 63.1 3,573 19.3 1,644 8.9
97 17,985 12,960 72.1 11,212 60.7 3,357 18.2 1,668 9.0
98 18,118 13,197 72.8 11,782 63.7 3,370 18.2 1,551 8.4
99 17,072 12,205 71.5 11,089 60 3,264 17.7 1,603 8.7
100 17,225 12,435 72.2 11,310 61.2 3,238 17.5 1,552 8.4

17,902 12,794 71.5 11,233 60.8 3,480 18.8 1,628 8.8
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4.2.3  

(evapotranspiration)

 

(evaporation pan) (atmometer)
A 4

10 7~8
6

(pan evaporation) (pan coefficient)
20 24

30
 

(relative transpiration) (transpriation coefficient)
 

1,200~1,300mm
1,600mm 2,000mm 1,700mm 7

2 4-4  

36atm
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1.

 

2.

  

3.

 

4.

 

4-4  
mm 

 1  2  3  4  5  6  7  8  9  10  11  12  

 62.1 61.1 81.4 100.7 126.9 139.7 173.5 173.3 146.8 114.7 84.1 64.8 

 73.9 67.1 83.7 104.1 139.4 151.0 193.6 180.5 155.6 147.2 108.7 85.3 

 55.7 56.8 75.8 91.0 108.6 123.3 171.1 161.1 127.2 83.5 58.1 50.6 

 95.2 91.6 110.7 125.6 152.5 150.6 175.7 163.2 155.4 154.3 117.1 98.0 

 79.8 76.1 94.3 108.7 130.1 142.1 189.1 175.4 149.8 128.4 98.0 86.7 

 94.8 98.7 130.9 149.3 166.0 143.8 152.8 142.3 143.9 138.7 107.4 91.4 

 114.1 110.2 128.1 139.4 156.6 165.3 187.5 173.8 155.9 152.3 131.1 116.8 

 137.9 139.8 171.0 186.1 210.1 173.7 185.0 171.8 170.3 169.5 143.6 132.1 
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4.3  

70%

 

7
2 2000m

4-5
1876

2,598 1,390

27.2%
59%  

4-5  

 
(3-5 ) (6-8 ) (9-11 ) (12-2 ) 
(hr) (%) (hr) (%) (hr) (%) (hr) (%) 

 122.5  31  193.3  47  112.9  32  54.7  17  
 141.9  38  229.3  56  193.0  55  119.0  36  
 185.0  48  221.6  55  214.2  61  178.7  55  
 137.7  36  171.5  43  135.9  37  129.6  40  
 220.0  57  234.7  58  215.2  61  195.1  59  
 201.4  52  195.7  48  189.1  50  175.8  53  
 229.9  60  226.4  57  209.0  60  194.4  58  
 137.3  35  235.8  58  157.7  44  105.2  32  
 113.4  35  224.2  55  136.9  39  77.6  24  
 110.5  28  207.9  51  120.2  34  74.9  23  
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4.1m/s 3.0m/s
1.7m/s 10m/s

80  

4.4  

1. 1972  

2. 1980  

3. 1984
 

4. 1985  

5. 2011 -
 

6. Allen, R.G., Smith, M., Perrier, A., and Pereira, L.S. 1994. “An update for the 
definition of reference evapotranspiration”, ICID Bulletin, 43(2):1-34. 

7. Allen, R.G., Pereira, L.S., Raes, D., and Smith M., 1998. Crop 
Evapotranspirartion, FAO Irrigation and Drainage Paper No. 56,Rome, Italy. 

8. Bouman BAM, Humphreys E, Barker R, Tuong TP, 2006, Rice water. Adv 
Agron, 92:187-237. 

9. Cuenca, Richard H., 1989, Irrigation System Design, Prentice-Hsll Inc., New 
Jersey.  

10. Hansen, V.E. Israelson, O.W., Stringham G.E., 1979, Irrigation Principles and 
Practice. John Wiley & Sons, Inc. 

11. Jensen, M.E., Burman, R.D., and Allen, R.G.,1990. Evapotranspiration and 
Irrigation Water Requirements. ASCE Manuals and Reports on Engineering 
Practices No. 70., New York, NY. 

12. OECD. 2014. Water and Agriculture: Towards Resilient Systems, OECD 
Studies on Water, Paris., France. 
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5.1  

 

 

(Coefficient of evapo-transpiration)  

…………………………….......…..(5-1) 

(Consumptive-Use)

(Evapotranspiration) /
/ / /  

 

 

( + –
)÷ …………………………….………..(5-2) 
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…………..……...….(5-3) 

5.2  

 

A.
B.

C.
 

5.2.1  

 

Briggs
Shantz

5-1  

5-1 (Briggs & Shantz) 

  

 0.89 

 0.86 

 0.84 

 0.35 

 0.93 
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5.2.2  

 

 

 

 

( )
5-1

 

 
5-1  

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3

(M
M

)

56 56
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5.3  

5.3.1  

 

 

30 30
2 3

1. 2.  

1.

1/2

 

2.  

2 19
6 6 5-2  

(Lysimeter) 
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5-2  

1.  

5-3

1  

 
5-3  

 

15 25 35
50

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4

(M
M

)

 
 

(10 ) 
(10 ) 

(10 ) 
 

( 4 ) 
2  1  

 

 

 
1.5-2  

0
1  
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+ + ………...…..(5-4) 

2.  

5-4 30cm×50cm

 

(mm) (kg)/ (m2)…..…..…..…(5-5) 

 

 
5-4  

 

1.  

(conveyance losses)

 

 

 

   40cm 

10cm 

10cm 

30cm 
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(1)  

0.2 0.5ha
0.5 1.0m

5-5 (Hook gauge)
5-2  

 
5-5  

5-2  
100  20 1  
100 300  50 1  
300  100 1  

(2)  

(farm ditch)
( )

 

 
 

 

 
 

 
 

 

   
  

 
15cm 115cm15cm

20cm 
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( 5-6)

55cm 50 60cm 1m 50 60cm
1m 15 20cm  

(
)

 

(B) (A) 

(A) (C) 

(C) 

 
5-6  

2.  

 

(1)  

W R+Fv FH ET…………………………………….….……(5-6) 

R Fv FH

ET W  

R Fv FH W ET

50-60cm 

15-20cm 

(A) (B) (C) 
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Fv W

 

(2)  

 

5.3.2  

(FAO) (ETcrop)
 

1. ETo

 

2. (Kc) ( )
 

3. (ETcrop) (5-7)  

ETcrop Kc×ETo ………………..……………….……….……………(5-7) 

ETcrop (mm/day) ETcrop 30 10
Kc  

 

FAO 1984 Modify 
Penman Modify Blaney-Criddle Pen Evaporation Method Radiation

ICID 1994 Penman-Monteith Method  

1.Modify Penman 

Penman 1948 Penman
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1952 1956 1963

FAO
 

ET0 c [ W×Rn+(1 W)×f(u)×(ea ed)]…….….……………….……(5-8) 

W Rn (mm/day)
f(u) ea (mb) ed

(mb) c  

2.Penman-Monteith(ICID,1994) 

1994 ICID
1984 FAO a.

CGS SI
(International Standard Units) b.

(Crop Canopy 
Resistance) (Aerodynamic Resistance)

(Monteith, 1981, 1980)  

…………….…………………..…….(5-9) 

Rn (mm/day)
(KPa/℃) γ (KPa/℃) U2 2 (m/s) T

(℃) ea ed (KPa) S (MJ/m2/day)  

3.Modified Blaney-Criddle  

Blaney-Criddle 1945 1950 1970

FAO 1984
 

ET0 c[p(0.46T+8)]……..…………….………………...……………(5-10) 

p T (℃) c
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4.Radiation  

Radiation Method Makkink 1957
FAO 1984

 

ET0 c(W×Rs)………..………………………...………..……………(5-11) 

Rs Ra(0.25+0.50n/N)………………….…..………...………….……(5-12) 

Rs (mm/day) W
c Ra

(mm/day) n/N  

(Rs)
(Ra) (n)

(N) (W)
c

W×Rs
 

5.Pan Evaporation  

 

ET0 Kp×Epan……….…………………..……...……………………(5-13) 

Epan (mm/day) Kp  

 

(Crop coefficient,Kc) 
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(Kc )  

1975 FAO

 

1.  

Kc

Kc  

(maximun water requirement) FAO Kc
(water distribution schedule)

Kc Kc 15 20%
Kc 5-3  

5-3 Kc  

 1-15 16-30 31-45 46-60 61-75 76-90 91-105 106-120 

   
 

 
 

 
 

 
 

 
 

 
 

 
 

 0.5 0.8 1.2 1.3 1.3 1.2 1.0 0.7 

 0.9 1.2 1.5 1.6 1.5 1.3 1.0 0.6 

1979  

2.  

WTO

FAO ( 5-4)  
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ETcrop 10 30
 

ETcrop (Kc ×ETO)….………..…………………………………(5-14) 

ETcrop (mm) Kc  

5-5 5-6  

5-4 Kc  

           

 
   
 

 0.4 0.5 0.7 1.0 1.0 1.3 0.75 0.8 0.5 0.6 0.85 1.05 

 0.4 0.5 0.7 0.8 1.05 1.25 0.8 0.9 0.65 0.7 0.8 0.9 

 0.3  0.4 0.6 0.75 0.95 1.1 0.85 1.0 0.95 1.1 0.8 0.95 

 0.3 0.4 0.7 0.8 1.05 1.25 0.8 0.95 0.6 0.65 0.85 0.95 

 0.3 0.4 0.7 0.8 1.05 1.2 0.7 0.8 0.35 0.45 0.75 0.85 

 0.3 0.4 0.7 0.8 1.05 1.2 0.65 0.75 0.2 0.25 0.8 0.9 

 
   

 0.4 0.5 0.7 0.8 1.05 1.2 0.85 0.95 0.7 0.75 0.75 0.9 

 0.3 0.5 0.7 0.9 1.05 1.2 1.0 1.05 0.5 1.1 0.8 0.95 

 0.4 0.5 0.7 0.8 0.95 1.05 0.8 0.9 0.65 0.75 0.8 0.9 

 0.3 0.4 0.65 0.75 0.95 1.05 0.9 0.95 0.85 0.95 0.85 0.9 

 0.4 0.5 0.75 0.85 1.05 1.2 0.9 1.0 0.6 0.7 0.8 0.9 

 0.4 0.5 0.7 0.8 0.95 1.1 0.9 1.0 0.8 0.95 0.7 0.8 

 
   

 0.4 0.5 0.7 0.8 0.95 1.1 0.75 0.85 0.55 0.6 0.75 0.8 

 0.4 0.6 0.6 0.75 0.95 1.05 0.95 1.05 0.95 1.05 0.65 0.8 

 0.4 0.5 0.7 0.8 1.05 1.25 0.8 0.95 0.6 0.65 0.7 0.9 

 0.3 0.4 0.7 0.75 1.0 1.05 0.77 0.8 0.5 0.55 0.75 0.9 

 0.3 0.4 0.7 0.75 1.0 1.05 0.77 0.8 0.5 0.55 0.75 0.85 

 0.4 0.5 0.7 0.85 1.05 1.2 1.0 1.15 0.95 1.1 0.8 0.9 

 0.5 0.65 0.8 0.9 1.0 1.2 1.0 1.15 1.0 1.15 0.85 0.95 

 0.3 0.4 0.7 0.8 1.05 1.2 0.65 0.7 0.2 0.25 0.65 0.7 
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5-5  
( mm) 

   
 

 
    

 

  
           

 

 427 445 491 514 545 327 473 455 517 458 

 440 452 500 527 547 351 485 474 545 473 

 471 491 536 571 574 377 522 508 578 506 

 427~536 514~571 545~574 327~522 455~578 458~506 

 

 757 664 728 863 832 755 897 833 883 696 

 573 632 690 793 781 772 868 808 861 621 

 518 570 636 741 740 737 846 800 848 571 

 518~757 714~863 740~832 737~897 800~883 571~691 

1. ( ) 
02 21 06 20   03 01 06 30  

03 01 06 30   03 01 06 30  

02 21 06 20   01 01 04 30  

01 01 04 30   01 01 04 30  

01 01 04 30   02 21 06 20  
( ) 

07 01 10 31   07 21 11 20  

07 21 11 20   07 01 10 31  

07 01 10 31   06 21 10 20  

06 21 10 20   06 01 09 30  

06 01 09 30   07 21 11 20  

2.
 

3.
 

( 1997)
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5-
6
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Blaney-Criddle A-pan
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Penmam-Monteith
Modify Penman

K

“k”  

 

5.4  

1. 1967 66  

2. 1970  

3. 1971 5  

4. 1971 19(2): 
7-29  

5. 1985  

6. 1974 15  

7. 1980  

8. 1980  

9. 1993  

10. 1999
 

11. 1994
 

12. 1977
 

13. 1996
 

14. 1993
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15. 1993
No.33  

16. 1995  

17.  1998  

18. 1998 (I)  

19. 1999 (II)  

20. 2001 (2/2)  

21. 
1998  

22. 2003  

23. 2012
 

24. 2013
61 3 pp. 98~107  

25. 2014
60 3 pp.82-91  

26. 2017  

27. 2017  

28. Brouwer, C., “ Irrigation Water Management Training Manual no. 
1-Introduction to Irrigation.”, FAO Land and Water Development Division, 
UN, 1989  

29. Brouwer, C., “ Irrigation Water Management Training Manual no. 2-Elements 
of Topographic Surveying.”, FAO Land and Water Development Division, 
UN, 1989  

30. Brouwer, C., “ Irrigation Water Management Training Manual no. 3-Irrigation 
Water Needs.”, FAO Land and Water Development Division, UN, 1989  

31. Brouwer, C., “ Irrigation Water Management Training Manual no. 6-Scheme 
Irrigation Water Needs and Supply.”, FAO Land and Water Development 
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6.1  

(unit block)
30%

30%

 

( )

 

 

 

(Evapotranspiration ET) (Consumptive use
Cu)

( / ) (
/ )  

(Water requirement WR) (Percolation
P)

 

(Field irrigation requirement FIR)
 

(Effective rainfall)
 

(Turnout requirement TR)
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(Delivery requirement DER)
 

(Diversion requirement DIR)
 

6.2  

6.2.1  

 

 

 

 

 

 

 

 

 

 

 

 

( 50 )  

(Rotation unit) ( 10 )  

6.2.2  

4  
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1. / (c.m.s m3/sec)
1 / (1 c.m.s 1 m3/sec)

 

2. (mm m)
( )  

3. (m3)  

4. (irrigation rate) / (ha/cms)
 

6.2.3  

 

1 6 7 8 150
 

 

1 0.001 1 10,000  

(1) 6 10,000 ×0.006 60 (m3) 

(2) 7 10,000 ×0.007 70 (m3) 

(3) 8 10,000 ×0.008 80 (m3) 

(4) 150 10,000 ×0.150 1,500 (m3) 

 

1 100  

 

100 /10,000 0.01 10 (mm) 

 

(24 )
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1 24 1,440 86,400  

1 / ×86,400 86,400 (m3) 

 

1 / 100
 

 

86400 ÷(100 ×10,000 / ) 0.0864  

86.4 (mm) 

 

100 0.5 /
 

 

86,400 ×0.5 / ÷0.1 432,000 43.2  

 

D QT/A  T DA/Q  Q DA/T  A QT/D………………………..(6-1) 

D (m) T (s) A (m2) Q
(cms)  

 

0.5cms 50 1  

 

D QT/A (0.5×50×60)/(1×10,000) 0.15 150  

 

0.2 8.4 0.02cms  
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T DA/Q (0.0084×0.2×10,000)/0.02 840 14  

 

100 0.02cms 2  

 

A TQ/A (2×60×60×0.02)/0.1 1,440 0.144  

 

8  

 

 

/cms 

 

6.3  

6.3.1  

 

 

1/25( 1/25
1/30) 1ha 25ha

 

 

1.  

A. 50ha  



80 

B. 50×1/25 2ha  

C. 40 20 25~30
 

D. 150mm  

E. 12mm/day 3 1 36mm
14 504mm 7 252mm  

F. 20%  

G. 8mm E 1,084ha/cms  

2.  

 

 

(150×2 504×2)/(8,640×40) 0.0038cms 

( 20%) (50×8)/8,640×0.2 0.0093cms 

0.0038 0.0093 0.013cms 

 

(150×2 252×2)/(8,640×20) 0.0047cms 

( 20%) (50×8)/8,640×0.2 0.0093cms 

0.0047 0.0093 0.014cms 

2~3
0.008cms

0.008cms  
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50ha  

1.  

A.  

B. 150mm  

C. (
) P 40% Wp 5.23%( )

40.0-5.23 34.77%  

D. 30mm  

E. 2

4.74 0.7 3.3mm/day 15mm/day  

2.  

( - ) (
)…..............…..(6-2) 

150 (40-5.23)/100 30 (3.3 15) 119mm 

 

 

 

1.  

( ) …..….(6-3) 

 

100
500mm 400mm
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15mm/day 85%
1.2  

500 1.2 600(mm) 

15 100 1,500(mm) 

400 0.85 340(mm) 

600 1,500-340 1,760(mm) 

1 1760/100 17.6(mm) 

2.  

 

A. (Water requirement in depth) 5.3.1  

B.  

6-1
AB CD E

F E F

 

 6-1  

C.  

5-5
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6.3.2  

 

300 400mm
320mm 600 700m

100 6 7mm 2 1  

 

6-1  

6-1 ( ) 

 
         
 

mm/day 
 

ha/cms 
 

mm/day 
 

ha/cms 
 

mm/day 
 

ha/cms 
(mm) 133.0 64.8 112.0 77.1 100.0 86.4 
 1  7.8 1107 6.4 1350 5.1 1700 
 2 7.1 1217 5.8 1485 4.6 1870 
 3 6.5 1328 5.3 1620 4.2 2040 
 4 6.5 1328 5.3 1620 4.2 2040 
 5 7.1 1217 5.8 1485 4.6 1870 
 6 8.7 996 7.1 1215 5.7 1530 
 7 8.7 996 7.1 1215 5.7 1530 
 8 7.8 1107 6.4 1350 5.1 1700 
 9 7.8 1107 6.4 1350 5.1 1700 

 

 

 

( )= ……………………..…….(6-4) 

48
3~4 7.5

2
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30 120
(unit block)  

 

 

6 1 8 1 10 1 15 1 5
1 60mm 45mm

6-2 6-2  

1. 1 6 1
7%  

2.15 1 6 30 35%
16%  

3.6 8 10
 

6-2 44 1  

 
 

 
 

 

(mm)  
% 

 

(mm)  
% 

 

(mm) % 

 
 
 

(mm) 

 

(kg/ha) % 

6  116 974.0 100 8.4 100 835.5 100 138.5 5623 100 

8  116 815.3 84 7.0 83 676.8 80 138.5 5861 101 

10  116 800.5 82 6.9 82 662.0 79 138.5 5125 109 

15  116 682.3 70 5.9 70 543.8 65 138.5 4722 84 

 116 1891.0 194 16.7 199 1752.5 210 138.5 5236 93 

6 1 100  



85 

 

 

P 86,400 1,000/( % I 36 10,000) 

240/( % I)(mm/day).………………………………….……(6-5) 

P mm/day I %
% 0.05mm  

6-3  
 % I (mm/day) 
 1.6 1.0 150.00 
 5.0 1.1 43.70 

     8.0 1.2 25.00 
 11.6 1.3 15.90 
 14.9 1.4 11.50 

     18.2 1.5 8.80 
 21.9 1.6 6.85 
 27.0 1.7 5.24 

     33.0 1.8 4.04 
   40.0 1.9 3.16 
   49.0 2.0 2.45 

6.3.3  

107
6-4  

60% 180mm 6-5  

6-6  

6-6  

1. 50ha
0.008cms 1.4mm/day  

2. 185mm  
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3.
9mm/day 10mm/day  

6-7  

6-5
6-8  

30%
6-9

 

6-4 ( 107 ) 

 
 

 
 

(ha) 
      

 
 

 18,551 - - - - 18,551 
 4,307 992 - - - 5,299 
 - - - - 481 481 
 440 - - - 190 630 
 22,677 - - - - 22,677 
 12,085 - - - - 12,085 
 6,035 - - - - 6,035 
 64,095 992 - - 671 65,758 

 
 

 9,504 - - - - 9,504 
 21,640 44 - - 4,408 26,092 
 12,085 558 - - - 12,643 
 40,310 517 - - 3,188 44,014 
 14,324 6,119 16,199 23,041 3,802 63,485 
 97,863 7,238 16,199 23,041 11,398 155,738 

 
 

 22,932 9,172 346 34,864 6,863 74,117 
 10,679 9,485 - - - 20,164 
 17,733 4,743 - - 2,616 25,092 
 51,344 23,400 346 34,864 9,479 119,433 

 
 

 7,963 1,191 - - 5,847 15,001 
 14,421 - - - 385 14,806 
 22,384 1,191 - - 6,232 29,807 

       235,686 32,821 16,545 57,905 27,780 370,737 

2018  
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6-5  
mm/  

 
 

11 12 1 2 3 4 5 6 7 8 9 10 
  41 44 53 83 103 100 128 178 149 169 139 71 
  180 146 83 81 72 70 120 127 87 117 150 180 
  16 20 28 58 64 95 112 147 110 142 96 15 
  8 14 19 31 54 62 125 176 143 142 80 16 
  10 10 10 17 25 39 98 180 180 180 97 19 
  31 10 10 14 12 25 86 180 180 180 159 69 
  46 24 21 23 32 43 87 126 172 163 166 83 
  82 44 46 49 60 67 115 110 139 137 180 146 

6-6  

 
         

(40 ) (20 ) (110 ) 
( ). ( ) 
( ) 

1 21 ~ 
2 28  

3 1 ~ 
3 20  

3 21 ~ 
7 10  

( ). ( ) 1 1 ~ 
2 10  

2 11 ~ 
2 28  

3 1 ~ 
6 20  

( ). ( ) 
( ) 

12 11 ~ 
1 20  

1 21 ~ 
5 31  

2 11 ~ 
5 31  

   
         

(40 ) (20 ) (110 ) 
( ). ( ) 
( ) 

7 11 ~ 
7 31  

8 1 ~ 
8 20  

8 21 ~ 
11 20  

( ). ( ) 6 21 ~ 
7 10  

7 11 ~ 
7 31  

8 1 ~ 
10 31  

( ). ( ) 
( ) 

6 1 ~ 
6 20  

6 21 ~ 
7 10  

7 11 ~ 
10 10  

6-7  
mm 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

( ) 
( ) 
( ) 

 14 42 275 270 270 270 90      1,231 

       28 275 270 270 180  1,023 

( ) 
 42 199 270 270 180        1,231 
      14 199 270 270 270   1,023 

( ) 
( ) 

 120 273 270 270 270       28 1,231 
      120 273 270 270 90   1,023 

( ) 
 120 293 300 300 300       28 1,341 
      120 293 300 300    1,113 

( ) 
 42 199 300 300 300 200       1,341 
      14 199 300 300 300   1,113 
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6-8  

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
( ) 

 0 0 172 170 142 92 0      576 
       0 106 131 199 139 0 575 

 
( ) 

 0 0 203 200 150 143 0      696 
       28 158 90 90 0  366 

 
( ) 

 0 0 211 175 158 123 0      667 
       8 133 174 255 164  734 

 
( ) 

 23 168 216 208 145 0       760 
      14 56 128 190 254   642 

 
( ) 

 110 256 245 231 172       18 1,032 
      0 93 90 173 71   427 

 
( ) 

 110 259 258 245 184       18 1,074 
      0 93 90 111 21   315 

 
( ) 

 99 270 268 257 213        1,109 
      0 121 137 134 17   409 

 
( ) 

 0 150 240 233 185 90       898 
      14 60 163 120 154   511 

6-9  
mm 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
( ) 

 0 0 224 221 184 120 0      749 
       0 138 171 261 181  751 

 
( ) 

 0 0 133 260 195 186 0      774 
       36 205 117 117 0  475 

 
( ) 

 0 0 274 227 205 160 0      866 
       10 173 226 330 214  953 

 
( ) 

 30 218 281 271 189 0       989 
      18 61 166 247 330 0  822 

 
( ) 

 143 133 319 301 224       23 1,143 
      0 122 117 225 92   556 

 
( ) 

 143 335 331 318 238       23 1,391 
      0 122 117 144 27   410 

 
( ) 

 129 350 348 334 277        1,438 
      0 157 178 174 22   531 

 
( ) 

  195 313 303 240 117       1,167 
      18 78 212 156 200   664 
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6.4  

 

 

6.4.1  

 

 

d (FC Mc) As D/100 …………………..……………….………....(6-6) 

1/2  

d 1/2(FC WP) As D/100 ………..…………...……...…………..…(6-7) 

1/4  

d 1/4(FC WP) As D/100 ……………….…………..………..…….(6-8) 

3/4  

d 3/4(FC WP) As D/100 ……………………….….………………(6-9) 

d (mm) FC (%) WP (%)
Mc (%) As D (mm)  

TRAM
1/2 3/4 3/4

40 60 20  

 

1.3 25 10
60  



90 

1/2  

d 1/2(25-10) 1.3 600/100 58.5mm 

15  

d (25-10) 1.3 600/100 78mm 

6.4.2  

(Irrigation interval)
 

 

( ) ….………..……………..….…..(6-10) 

 

(F.C.) 30%( )
20%( ) (As) 1.5 1m (1)

(mm) (2) 65% 0.12 cms
5ha (T) (3) 19%( )

10mm (AM) (IV)  

Sol (1) (d)=(30-20)/100 ×1.5 ×1000mm=150mm  

         (dg)=150mm/0.65 =230mm 

    (2)QT = Adg 0.12 T = 5 ×10000
 
m × 0.23 

         T = 95833 sec = 26.62 hrs 

    (3)AM =(FC-WP)/100 × As × D=30-19/100×1.5×1000=165 mm 

    (4) (I V) = 165/10=16.5=16days 

6.4.3  



91 

1-2
 

1.

1-3  

2.

 

a.  

b. 30 80  

c. ( 60-65 )  

d. ( 70-80 )  

3.

15 35 ( ) 80
( 15 )  

4.

35-45 ( )  

5.

1/2 10
 

6.
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20 1/2  

7. 30
60

 

8. ( 35 ) (
60 )  

9. 20
 

10. 20 40 60 80  

11. 30 60  

12. 
(3 9 )

11 12 1 2 3
4 5 10  

6.4.4  

40mm
6-10 6-11 4

3
40mm 7 14 9

11
1-6 2-4

2-3  

6-10  
     ( ) ( ) ( ) ( ) 
       7 9 14 11 
     7 8 17 11 
       7 10 14 12 
       13 7 14 10 
       9 9 18 13 
      4 11 14 13 
      8 15 17 16 
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6-11  

     ( ) ( ) ( ) ( ) 

    4 14 18 16 

    5 12 15 13 

    5 23 37 30 

    5 23 31 27 

     4 17 27 21 

       3 14 15 14 

       3 36 37 36 

6.5  

5%

 

12
7 32 30 sec/l

1
1  
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6.5.1  

 

6-11   

…………………………………….……..……(6-11) 

L (%/Km) Qin (m3/sec) Qout

(m3/sec)  

 

500 1000

8 24
  

 

(6-11)

6-12  

6.5.2  
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6-12  

      
 

 
 

 
 

 20 15 10 5 38.80 3.06 41.86 
 13 20 17 15 42.23 8.67 50.90 
 12 12 12 15 31.85 9.88 41.73 
 25 22 -- 30 41.50 17.55 59.05 
 26 22 23 21 54398 9.54 64.53 
 25 20 20 15 52.00 7.20 59.20 
 16 8 14 14 33.81 18.53 52.34 
 10 8 7 20 23.00 15.40 38.40 
 6 15 20 25 36.08 15.98 52.06 
 20 18 -- 5 34.40 3.28 37.68 
 21 18 20 15 48.18 7.77 55.95 
 30 32 32 45 67.63 14.57 82.20 
 35 35 40 40 74.65 10.14 84.79 

% (II) 1996  

 

24

0.125m3/m2/day 24 0.125

24
 

6.6  
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6.6.1  

(effective rainfall)

 

 

 

 

6.6.2  

 

I R h ET P D…………………………………...…………(6-12) 

( ) Supply Demand( ) ( ) 

 

Re K×R…..……………………………………….……………..…..(6-13) 

I KR h ET P D   

K (ET P) (I-D) h /R  

Re (mm/day) K I (mm/day)
D (mm/day) ET (mm/day) P (mm/day) h

(mm) R (mm/day)  

K K×P  

(6-14) K
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K (ET P) 8,640(Qin Qout)/A /R………………….………(6-14) 

K ET (mm/day) P (mm/day)
R (mm/day) A (m2) Qin (m3/sec) Qout

(m3/sec)  

4  

1.

 

A. 
 

B. 
10mm/day

a  

C.  

D. 

 

E. 

( )  

F. (E)

 

G. 

(Bmax) 6-13 6-14  
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6-13 ( ) 

    
 
 

 
  

5.31   40    
6.1  10 30    
2 14.0 10 34 14.0   
3  10 24    
4  10 14    
5  10 4    
6  10 54  60 4 60-10 54 

7 36.0 10 60 16  
54 36 10 80  
36 (80 60) 16 60mm  

8 47.5 10 60 10  
60 47.5-10 97.5 
47.5 (97.5 60) 10 

9 11.2 10 60 10  
60 11.2 10 61.2 
11.2 (61.2 60) 10 

10  10 50    
11  10 40    
12  10 30    
13  10 20    

14 45.7 10 (40)55.7 (30)45.7  
20 45.7 10 55.7  
20 30 10 40 30mm  

15 62.3 10 60 (30)14.3  
60 (55.7 10) 14.3 
40 10 30 60 

16  10 50    
17  10 40    
18  10 30    
19  10 20    
20 16.6 10 26.6 16.6  20 16.6 10 26.6 
21  10 16.6    
22 27.1 10 33.7 27.1  16.6 27.1 10 33.7 
23  10 23.7    
24  10 13.7    
25  10 3.7    
26  10 53.7  60  

27 31.8 10 60 16.3  
53.7 31.8 10 75.5 
31.8 (75.5 60) 16.3 

28 5.4 10 54.4 5.4  60 5.4 10 55.4 
29  10 45.4    
30  10 35.4    

 297.6 300  175.4 120  

175.4/297.6×100 58.9  
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6-14 ( Bmax=40 a=0.5) 

     
  

 
 

 
  

62          
5      20.00    

 1 7.52  3.76 16.24    
 2 7.12  3.56 12.68    
 3 6.89  3.45 9.23    
 4 7.05  3.53 5.70    
 5 2.54  1.27 4.43    
 6 3.12  1.56 2.87    
 7 5.53  2.77 0.1    
 8 6.31  3.16 36.94  40.00  
 9 6.12 0.25 3.06 34.13 0.25   
 10 6.70  3.35 30.78    
 11 5.75  2.87 27.91    
 12 4.34  2.17 25.74    
 13 6.70  3.35 22.39    
 14 6.77  3.39 19.00    
 15 7.53  3.77 15.23    
 16 8.02  4.01 11.22    
 17 5.60 0.30 2.80 8.72 0.30   
 18 4.14 10.80 2.07 17.45 10.80   
 19 6.36 10.80 3.18 25.07 10.80   
 20 6.21  3.11 21.96    
 21 5.22 3.35 2.61 22.70 3.35   
 22 7.18  3.59 19.11    
 23 8.14  4.07 15.04    
 24 6.50  3.25 11.79    
 25 6.72  3.36 8.43    
 26 7.14  3.07 5.36    
 27 6.92  3.46 1.90  40.00  
 28 5.14 0.10 2.07 39.93 0.10   
 29 1.00 16.60 0.50 40.00 0.57   
 30 4.98  2.49 37.51    
 31 7.68  3.84     
     185.90 42.20 92.50 33.67 26.17 80.00  

26.17/42.20 62%  
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2. 30
30

78mm/30
2.6mm/day 2.6mm  

1  2  11  12  25  26   

25mm 5mm 18mm 5mm 7mm 18mm 78mm 

( )  

   6  7  8  9    

(mm) 78.0 62.8 99.9 64.3 305.0  

(mm) 2.6 2.0 3.2 2.1 2.5  

 

(1) 12mm/day  

(2) 25%  

(3) 2.5mm/day  

(4) 2  

(5) 7.5  

 

{8,640/[( ) (1
)]}×{1 ( )}………….………………….……….….(6-15) 

{8,640/[( ) (1
)]}×{1 } 

{8,640/[(12-2.5) (1 2/7.5)]} {1 0.25} 

930 ha/cms 

3. 20
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(1) 5mm  

(2) 5mm 30mm  

(3) (
) 30mm (

6mm)  

4.
60% 180mm
6-5  

6.6.3  

 

(pond)
 

6.6.4  

 

(Overflow)
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6.7  

1. 1967  

2. 1970  

3. 5 1971  

4. 19(2): 7-29
1971  

5. 1985  

6. 15 1974  

7. 1980  

8. 
1999 6  

9. 
1994 6  

10. 1996
 

11. 1993  

12. 1993  

13. FAO No.33 1993  

14. 1995  

15.  1998 6  
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7.1  

 

7.1.1  

(1) (2)
(3) (4)  

(Turbidity) 

 

1 mgSiO2/L 1 unit of turbidity (Silica)
 

(Jackson candle turbidmeter)

 

(fullers earth)
 

 

(Electric Conductivity) EC
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(EC)

 

( )
 

0.5 2μmhos/cm 2
4μmhos/cm  

50 500μmhos/cm 500
1,000μmhos/cm

10,000μmhos/cm  

( 7-1) 25℃
μmhos/cm25℃  

 
7-1  

(conductivity Classes)  

C1(0 250 mhos/cm)
 

C2(250 750 mhos/cm)

 

C3(750 2250 mhos/cm)
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C4(2250 4000 mhos/cm)
 

C5(4000 6000 mhos/cm)
 

C6( 6000 mhos/cm)  

( )  

SAR SAR  

……………………..…………………...……...……..(7-1) 

Na+ Ca++ Mg++ (meq/l)  

(SAR)  

S1 (SAR 0-2 2.5-10 )

 

S2 (SAR 2.5-10 7-18 )

 

S3 (SAR 18-20 11-26 )

 

S4 (SAR 11-26 30 )
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1. (Residual Sodium Carbonate RSC)
RSC

RSC
1.25 meq/ RSC 2.50 meq/ 1.25 2.50 
meq/  

RSC (CO3 +HCO3-) (Ca+++Mg++) 

2. (Boron)

0.75 meq/ 1.0 2.0 mg/
0.7 mg/  

3. (Sulfate)
 

4.
175 mg/  

5. (Detergent)
( ABS)

SAS( ) UAS( )
5.0 mg/  ( ABS )  

6.
5.0 mg/  

7. (Al)
pH 6.0 6.5 1 mg/  

8. (As) 1.0 mg/  

9. (Be)
(pH7 8)

pH 0.5 mg/
1.0 meq/

0.1 mg/  

(Cd) (Cr) (Co) (Cu) (Hg) (Li) (Mn) (Pb)
(Mo) (Ni) (Se) (V) (Zn) 7-1  
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7.1.2  

7-1
7-3  

 

 

 

 

 

7-1  
              

 (Co) mg/  0.05 (pH ) 6.0-9.0 
 (Cu) mg/  0.2  μmhos/cm25℃ 750 
 (Pb) mg/  0.1 mg/  100 
 (Li) mg/  2.5 mg/  175 

 (Mn) mg/  0.2 mg/  200 
 (Hg) mg/  0.002 mg/  3.0 
 (Mo) mg/  0.01  5.0 
 (Ni) mg/  0.2 mg/  5.0 
 (Se) mg/  0.02 (Al) mg/  5.0 
 (V) mg/  0.1 (As) mg/  0.05 
 (Zn) mg/  2.0 (Be) mg/  0.1 

 (SAR) 6.0 (B) mg/  0.75 
 (RSC)meq/  2.5 (Cd) mg/  0.01 
 ℃ 35 ( )(Cr) mg/  0.1 

1.  

2.  
3.

 
4. ℃ pH μS/cm25℃

meq/ mg/  
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7-2  

 
 
 

 

   

 
  

KCMN
N

aga

a 100

(meq/ ) 

30 60%
60%

 
30 75% 70 75% 

Boron 
(mg/ ) 

0.5mg/

1 1.5mg/
 

0.5 2.0mg/

3.75mg/
 

2mg/
1mg/

 
Cl-(mg/ ) 2 2.5 2 16 6 16 

SO4 (mg/ ) 4 11 4 20 12 20 

EC(25℃) 
( mhos/cm25℃) 

500
mhos/cm25℃

1,000
mhos/cm25℃

 

500 3,000 2,500 3,000 

(mg/ ) 700 350 2,100 1,750 2,100 

7-3  
 (1) (2) 

MPN/100ml 1,000(3) - 

(TDS)(mg/ ) 500(3) 1,500 
EC( mhos/cm25℃) 750(3) 2,250 

pH 7.0 8.5 6.0 9.0 

(SAR) 6.0(3) 15 

(RSC)(meq/ ) 1.25(1) 2.5 

 (meq/ ) 1.0 5.0 

 (meq/ ) 0.5(3) 2.0 

 (meq/ ) 100(3) 350 

 (meq/ ) 200(3) 1,000 

 (meq/ ) 0.1(3) 1.0 

1.
 

2.  
3. 20 30
20%  
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7.1.3  

 

 

(Hg)
(Cr) PCB( )

(O2)

 

(Thickening) (Dewatering) (Final disposal)

 

 

 

1.  

2.  

3.  

4.  

 

………….………………….…..…………….…………(7-2) 
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Q1 (m3/sec) Qs (m3/sec) C1

BOD(PPM) Cs
BOD(PPM) C2 BOD(PPM)  

 

(wasteway)  

 

 

1.
2.  

…….………..…………….……..…...…………...…….(7-3) 

Q1 (m3/sec Qs (m3/sec C1

BOD PPM Cs
BOD PPM C2 BOD PPM  

(conduit)
 

 

 

1.  

2.  
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7.1.4  

2015
3,036 911,817

17.5
398,104 56,575

2,563,125
7-4  

7-4  
 

   

 

 0( ) 
 0( ) 
 6,684,130 
 0 
 11,271,580 
 1,307,440 
 1,198,500 
 20,461,650 

 

 3,692,170 
 10,057,500 
 1,479,720 
 9,447,580 
 8,666,050 
 33,343,020 

 

 6,543,490 
 891,850 
 6,225,090 
 13,660,430 

 
 19,930 
 2,162,550 
 2,182,480 

 69,647,580 

0  
2015  
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80

BOD 200ppm
350ppm 1ppm

17
 

7.2  

(2000) 8,834,274,477 
m3( 88.07%) 799,988,002 m3( 7.98%)
396,816,392 m3( 3.96%)  

(dam)
 

 

7.2.1  

 

 

(water demand)



115 

 

 

(weir)  

 

 

1.  

118 24
2 ( ) 92

( 7-5)  

675 m3

(5 10 ) 526 m3 78% (11 4 ) 149 m3

22% 341 m3

90%
90%

134 m3 ( 7-6) 

2. ( )  

(1)
Q AV  

A. 
 

B. 
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7-5  

 
 
 

(km) 

 
 

(km2) (m3/s) 
 

 
 

(km) 

 
 

(km2) (m3/s) 
 13.75 50.80 1,030  31.91 124.88 1,960 
 158.7 2,726.0 20,000  20.70 105.23 1,740 
 30.73 214.67 2,850  26.81 132.50 2,140 
 36.70 81.59 1,460  7.75 15.90 325 
 24.17 77.83 1,420  7.64 7.94 159 
 45.45 250.10 2,400  19.30 98.35 1,630 
 63.03 565.94 8,380  73.0 978.0 8,400 
 22.98 48.41 720  25.29 113.36 1,510 
 54.00 445.58 4,720  18.13 50.46 880 
 58.30 536.59 6,340  8.83 29.65 593 
 32.50 110.53 1,800  48.40 311.73 3,690 
 95.76 758.47 7,000  48.20 561.06 9,000 
 124.20 1,235.73 8,780  55.0 616.30 5,910 

 119.13 2,025.60 21,000  24.45 123.32 1,950 
 186.60 3,156.90 24,000  15.40 76.40 1,090 

 49.85 109.26 1,790  11.40 42.16 632 
 82.0 645.21 6,100  57.28 1,507.09 16,600 
 75.87 426.60 3,490  16.98 82.99 1,240 
 80.86 474.74 3,580  81.15 1,790.46 12,300 
 65.0 379.0 2,380  10.46 27.23 387 
 138.47 1,176.64 9,190  23.11 150.33 2,230 
 41.30 339.74 2,920  84.35 1,603.21 11,400 
 61.20 339.20 4,000  20.50 88.0 1,580 

 38.0 137.07 2,070  37.80 174.70 2,470 
 20.60 115.51 1,860  39.25 198.45 2,700 
 171.0 3,256.85 23,500  36.27 217.53 2,880 
 44.0 472.20 4,040  28.82 151.94 2,250 
 42.19 343.97 3,240  23.60 133.41 2,050 
 22.30 89.61 1,560  19.85 109.52 1,793 
 25.67 125.48 1,970  31.18 101.60 1,530 
 20.32 102.50 1,710     
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7-6  

  
(km2) 

 
 

 
 

   50% 75% 90% 

 7,347 9524 5621 15145 9,259 7,305 4,986 3,613  

 10,507 11915 3453 15368 9,704 6,856 5,091 4,003 
 

 10,002 15629 1894 17523 6,623 3,260 1,920 1,466 

 

 8,144 12707 4264 16971 8,495 6,681 5,682 4,304  
 36,000 49775 15232 65007 34,081 24,104 17,607 13,386  

1. 5 10 11 4 2. (%)  

3.

 

4. ○ 106 6  

C. 

 

V 1/n×R2/3S1/2 ………..….………………………….………...……….(7-4) 

 

(2)
 

R C×P ………………………………………….…………….………..(7-5) 

R P C (Isekowsxi)
7-7  

7-7  
 
 

 
 

 
  

 
 

 
 

 
 

 
 

 
 

 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.70 
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3.  

 

7.2.2  

 

7-8  

( 7-8)  

1.  

2. 
 

3. (tunnel)
 

 

1.  

2. 
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1. 
 

2.  

3.  

4.  

5.  

6.  

7.  

8. (spillway)  

9.  

10. ( )  

11.  

12.  

13.  

 

 

(Useful storage) (Dead storage)
(Normal pool level)
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(Valley or Channel Storage)
" "  

 

 

( )  

S CAH……………..…………………..……………...……..…….(7-6) 

S (m3) A (m2) H (m) C
 

7-9 C  

 

( )  

A C1H3/2………..……………………………..…………...……......(7-7) 

A H (m2) H (m)
C1  

 

S AdA 2/5 C1H5/2  …………………......……………….…..…(7-8) 

S H
 

S KHm……………………………………......……………….….…(7-9) 

K m  

 



126 

7-10 m  

 m  

 1.0 1.5 

 1.5 2.5 

 2.5 3.5 

 3.5 4.5 

 

log S log K+ m log H 

K m K S m
 

( )
 

1.
 

V 1/2(A1+A2)h   ………………….(7-10) 

2.  

3.  

4.
 

0.1
7-11  

(Area-Capacity Curve)
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7-11 - -  
 

m 
 

1,000m2 
V 

1,000m3 
 

1000m3 
 

m 
 

1,000m2 
 

1,000m3 
111 0      

112 1 0.5 0.5 138.0 471 3,396 

113 2 1.5 2.0 138.1 475 3,443 

114 3 2.5 4.5 138.2 478 3,490 

115 5 4 8.5 138.3 482 3,538 

116 7 6 14.5 138.4 485 3,586 

-- -- -- -- -- -- -- 

138 471 453 3,396 138.7 496 3,734 

139 507 489 3,885 138.8 499 3,784 

140 544 525.5 4,410.5 138.9 503 3,834 

141 581 562.5 4,973 139.0 507 3,885 

142 620 600.5 5,573.5 139.1 510 3,936 

-- -- -- -- -- -- -- 

7.2.3 ( ) 

( )
( )

 

(30 40 )
 

 

220

(2 6 ) 30% 70%
(7 10 ) 100% (
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)
 

( ) 3  

1. ( 7-2)(
) 180m

220m 180×220=39,600m2  

2.  

A. 5m  

B. 0.4
5m×0.4 2m( )  

C. 39,600 m2×2m=79,200m3  

3.
80% 79,200m3×0.8=63,360m3  

5 m

0.4
2 m

200 180 2
79,200

180 m

220 m

5 m

 
7-2  

7.2.4  

7-12
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7-12  

    
(Km2)  

(106m3) 
 

   

1.  380 150 30  

2.  1090 117 29  

3.  90 180 50  

4.  1180 379 34  
5.  1800 1,140 210  

6.  2520 553 163  
7.  1130 1,111 134  

8.  400 120 41  

9.  930 250 23  

    10,330 4,000 1,600  

( 2015)  

9375 4444 4741
98% ( )  

7-13  
 ( ) 

5.0HP  49.5 

5.0HP 10.0HP 38.3 

10.0HP 15.0HP 4.4 

15.0HP 20.0HP 1.2 

20.0HP 30.0HP 1.7 

30.0HP 60.0HP 4.7 

60HP  0.2 

 100.0 

90 10
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(Groundwater)  

(Free water)
(Gravitational water) 1m 1km

 

(Aeration Zone)
(Unsaturated zone) ( )

 

(Capillary fringe)

(Saturated Zone)

(Groundwater Zone)
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1.  

 

A. (Permeability of soil)

 

(m/day) (m3/day)÷ (m2)…………..…..…(7-11) 

1/20
0.82

 

B. 

 

C. 

 

D. 
 

E. 
 

2.  

 

(Water table)



132 

(Zone of aeration) (Zone of saturation)
7-3  

 

 

    

 

 

     

 

     

 

     

  

 

 

 

 

7-3  

A. 

(Pellicular water)

(Porched water)  

(Capillary fringe)
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B. 
 

(1)
 

(2)

 

(3)
 

 

 

1. (Seepage)

 

2. (Capillary movement)

 

3. (Ground water turbulent flow)

 

4. (Percolation)
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1893 (Hagen & Poiseuille)
1856

(Darcy law)  

V K×h/L …………………….……………………………..……..…(7-12) 

Q VA K×A×h/L………………..…………………………..…...…(7-13) 

V K h L A
 

K 1892 Allen 
Hajen K  

K cd2(0.7+0.03t)……………………….………….………….……..(7-14) 

c 1000 d mm t
℃  

 

1. (Headworks)

 

2.  

3.  

4.  

5.  

6.  

(Darcy)

 

 

Darcy V KI 
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 Q SVA SKIA………………………………………..…………(7-15) 

Q (cms) S (%)

I / K A
(influence circle) (m2)  

 

1.  

(1) (2) (Spring)
 

2.  

(1) (2) (3)  

 

 

1.

3/5  

2.

 

3.
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7.3  

1. 1965  

2. 1985  

3. 28 1978  

4. 1980  

5. 
1980  

6. 
1993  

7. 1986  

8. 1988  

9. 
1984  

10. 1997  

11. 1998 6  

12. —
85 —9.2— —19(1) 1996  

13. (III)
1997  

14.  
1988  

15. 1996  

16. 
1993  

17. 1994  

18. 1999  

19. 
1998  
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20. 1999
 

21. 
2000  

22. 2003  

23.  104 2015  

24. 2016  

25. 106  2017  

26. 
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8.1  

(irrigation methods)

(surface irrigation)
(sub-surface irrigation)

(sprinkler irrigation) (trickle 
irrigation)

80
8-1  

 
8-1  

surface irrigation

flooding irrigation

border irrigation

/

basin irrigation/
level border irrigation

furrow irrigation

furrow irrigation

corrugation irrigation

contour furrow 
irrigation

sub-surface irrigation

pipeline irrigation

sprinkler irrigation

sprinkler

perforated pipe

drip irrigation
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8.1.1  

(uncontrolled irrigation) (controlled 
irrigation)

(wild flooding)
(furrow irrigation) (corrugation)

(border irrigation) (basin irrigation)

 

5 7 m 100 200 m
(levee)

2‰-4‰ 1‰ 75‰
14 280 

l/sec

 

6 13 cm
(contour check)

 

2
 

1/4 1/5

10‰ 15‰
0.5‰ 3‰ 3‰ 6‰

100 200m
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4

(hydraulics of surface irrigation) 10 1.
(size of stream) 2. (rate of advance) 3.

(length of run and time required) 4. (depth of flow) 5.
(intake rate) 6. (slope of land surface) 7. (surface 

roughness) 8. (erosion hazard) 9. (shape of flow channel)(
) 10. (depth of water to be applied)  

8.1.2  

3m
2  

1.

 

2.

 

8.1.3  

 

 

 

PE
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8.1.4  

8-2  

( ) (
) ( )  

 

 
8-2  

8.1.5  

 

( )  

1.  

2.  

3.  

4.  
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( )  

1.  

2. 10 15  

3.  

4.  

5.  

6.  

7.  

8.  

 

( )  

1.  

2.  

3.  

4.  

5.  

6.  

( )  

1.  

2.  

3. (water logging)  

4.  

5.  
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6.  

7.  

( ) 

( )  

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9. 15  

10.  

11.  

12.  

13.  

14.  

15.  

( )  

1.  

2.  

3.  
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8.2  

8.2.1  

 

(
8-3 )

 

0.5%
0.05%

 

 

 
8-3  

8.2.2  
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0.5%
0.05%

0.5%

3%

 

 

( 110m)

 

 

0.5 /sec

3.0 /sec
8-1

 

 

 

 

 

 

8-4
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8-1  

(%) 
 
 

( /s) 

   
(mm) 

50 75 50 75 50 75 
0.0 3.0 100 150 60 125 30 45 
0.1 3.0 120 170 90 150 45 60 
0.2 2.5 130 180 110 150 60 95 
0.3 2.0 150 200 130 170 75 110 
0.5 1.2 150 200 130 170 75 110 

8-1

 

  

 
 

 

 

 

 

 
8-4  

8.2.3  

v
( 8-4)

 

 
8-5  
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( 8-4)  

 

5 10  

 

 
8-6  

 

8.2.4  

 

 

30 60cm
30cm 60cm

75 150cm

( 8-7)  

 
8-7  
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8.2.5  

 

8-8  

 

8-8  

 

( ) ( 8-9)  

 

8-9  

 



150 

 

 

1.  

2.  

3.  

 

 

 

( 8-10)  

 

8-10  

 

( 8-11)
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8-11  

( 8-12)
 

 
8-12  

 

8.2.6  

`` ``( 8-13)  

`` ``( 8-14)  
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8-15  

 
8-13  

 
8-14  

 
8-15  

( 8-16)  
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8-16  

(quarter time rule)  

( )

 

 

70mm 70mm
74

18 19 (74/4)
18 19

18 19
18 19  

 

t( )
Q( /sec) d(mm)

A(ha) t ( )
Q×t=A×d t  
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50mm 20 /sec
75×50m2  

1 ( )  

75×50m=3,750m2=3,750/10,000=0.375ha  

2  

  

  

2.6 (hr) =156 (min) 

156/4=39

 

8.2.7  

 

1.
 

2.  

3.  

4.  

5.
 

6.  
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8.3  

8.3.1  

8-17  

 
8-17  

100m
3 30  

 

0.05%
2%  
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8.3.2  

 

5cm 7cm
2cm 0.2 %  

60m
6cm/hr  

0.15 0.3 30m 0.4
0.5 6 10m 5

7m  

14 /s 7.5m
1.87 /s  

3  

1.  

2.  

3.
 

8-2
 

8.3.3  

 

( 8-18)
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8-2  

  
(%)  

(l/sec) 

 
(m) 

 
(m) 

 
 

25mm/hr 

0.2-0.4 
0.4-0.6 
0.6-1.0 

10-15 
8-10 
5-8 

12-30 
9-12 
6-9 

60-90 
60-90 

75 
 

 
10 25mm/hr 

0.2-0.4 
0.4-0.6 
0.6-1.0 

5-7 
4-6 
2-4 

12-30 
9-12 

6 

90-250 
90-180 

90 
 

 
10mm/hr 

0.2-0.4 
0.4-0.6 
0.6-1.0 

3-4 
2-3 
1-2 

12-30 
9-12 

6 

180-300 
90-180 

90 

100m
 

 
8-18  

( 8-19)

( 8-20)
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8-19  

 
8-20  

8.3.4  

 

I=f(Q, ta, L, W, d, S, M, G, V, N)……………………..…………………(8-1) 

I Q ta L
W d S M

G V N
 

8-1
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(Q) (L) 10m 1m
l/sec q(unit discharge) ta 10m
1m qta d d qta 10

G
M 0.2 0.3

50 V
D Ctin+1 d

8-2  

a

1+n
i

n

1+n
i

t
Ft=

6t
ct=q …..……………………………………………...…….(8-2) 

q 1 10
ti (Intake time)

ta F C 6 C
D Ctin+1  

(8-2) q ti ta

(multiple regression equation) q, ti, ta

(non-linear correlation) 8-3, 8-4, 
8-5  

b
a

a
i tFtq ……………………………………………………….………..(8-3) 

F α β  

2
YXXX

YXXXXYX

)(
212

2
2
1

2212
21 ………………………………......…………(8-4) 

2
YXXX

YXXXYXX

)(
212

2
2
1

12122
1 …………………………...………...………(8-5) 

21 xxyF  

x1= log ti ;  x2=log ta ;  y=-log q 

α β F
(8-3) q 4.493ti0.295ta 1.016  
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(8-3) (net 
irrigation water) (gross irrigation water)

(irrigation application efficiency)
8-21  

7.18 (Pw) 1.47
8-21A B C 1m

106mm 60 C D E
1m 179mm 0.4m 71.6mm  

 
8-21  

8-22 (8-3) q 4.493ti0.295ta
1.016 71.6mm 100m 80m

8-22 A B C 0.271/s/w/10m
B 44.4 5m 100mm

0.27×5×10 13.5 1/s 8-22
8-3

 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

10 

9 

8 

7 

6 

5% 

2
1
1
1
1
1
1
1
1
1

1

P
w

50 
 
60 
 
70 

80 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
mm 

200 
190 
180 

170 

160 

150 

140 

130 

120 

110 

100 
 

90 

 
80 
mm 

1.00 
 
 

1.50 
 

2.00 

45 
50 

60 

70 
80 
90 
100 

1

1As 

 

0

E
% 

 

A 

B

C

D

E
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8-22  

8-3  

      
   

    
(mm) 

    
(1/s/m/10m) 

     
* 

       80 0.30 80 
   85 0.35 80 
   75 0.30 80 
   80 0.33 80 

     78 0.32 80 
     100 0.40 90 
   90 0.35 90 

     90 0.42 90 
     81 0.40 90 
       110 0.60 90 
     105 0.50 90 

*
 

A B 
C 

130 
 

120 
 

110 
 

100 
 
 

90 
 
 

80 
 
 
 

70 
 
 
 

60 
 
 
 
 

50 

A
300 

 
 

200 
 

150 
 
 

100 
90 
80 
70 
60 
50 

 
40 

 
30 

 
 

20 
 
 
 
 

10 

B
150 
140 
130 
120 
110 
100 

90 
80 
70 

 
60 

 
50 

100 
90 
80 
70 
60 

50 

40 

30 

 

20 

0.200 
 
 

0.250 
 

0.300 
 

0.350 

0.400 

0.450 

0.500 

1

1

1

1

   (
) 

  D 

0

0

0

0
0

   (
) 

  ti 6

5

4

10
9
8
7

(
)

   (
) 

77  ta 
0
0
0
0

0

0

   (
) 

  L 

0

0

0

0

   (1/sec/w
/10m

) 
   (

q 
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8.3.5  

(rotational irrigation) “ ” ( )
( ) ( )

(continuous flow irrigation)
17 50

(intermittent irrigation)
 

( ) 

50
( ) 10

“ ”
“ ”  

( ) 

 

25 30m 100 150m
8-4  
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( ) 

 

1.
70 80

 

2.

 

 

8-4  

 (m) (m) 

(1/500 ) 100 150 25 30 

(1/100 1/500) 100 120 25 30 

(1/100 1/15 )  75 100 20 25 
 

8.4  

8.4.1  

6~13cm (contour check)
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1.  

2.  

3.  

4.  

24
 

8.4.2  

10
100 1,000 10,000m2 10 50 100cm

(
)  

8-5
 

1.  

2.  

3.  

8-5  
(%) (m) (m) 

0.2 45 35 55 
0.3 37 30 45 
0.4 32 25 40 
0.5 28 20 35 
0.6 25 20 30 
0.8 22 15 30 
1.0 20 15 25 
1.2 17 10 20 
1.5 13 10 20 
2.0 10 5 15 
3.0 7 5 10 
4.0 5 3 8 
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8-6

 

8-6  
m2 

( /sec)     

5 35 100 200 350 

10 65 200 400 650 

15 100 300 600 1,000 

30 200 600 1,200 2,000 

60 400 1,200 2,400 4,000 

90 600 1,800 3,600 6,000 

8.4.3  

 

8-23

(
)  

 
8-23  
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1.  

( )  

2.  

30 60
8-24

 

 
8-24  

3.  

8-25

 

4.  

8-26
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8-27

8-28  

  
8-25  

 
8-26  
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8-27  

 
8-28  

8.4.4  

8-29  

1
 

11,4,1987 24(m)×15(m)=360(m2)
45 mm  
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8-29 5m  

2 5 10m ( 8-29)
( 2)  

3 ( 8-30)  

4
(1—6) ( 3)  

5 ( 4)  

6
( 5)  

7 ( 8-30)(
6)  

1 
 

2 
 

(m) 

3 
 

4 
 5 

 
(min) 

6 
 

(mm) 
 

(hr  min) 
 

(min) 
 

(hr  min) 
 

(min) 
1 0 11 00 0 11 50 50 50 65 
2 5 11 04 4 11 50 50 46 63 
3 10 11 08 8 11 50 50 42 61 
4 15 11 11 11 11 51 51 40 60 
5 20 11 20 20 11 52 52 32 56 
6 24 11 30 30 11 54 54 24 46 
           59mm 
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8  

(mm)
(mm) 100%  

 

 ( 65 + 63 + 61 + 60 + 56 + 46 ) / 6 = 59 mm 

45 mm 

(%) = 45 / 59 ×100 = 76 % 

59 45 = 14 mm 

(m)

(mm)

 
8-30  

8.5  

8.5.1  

8.1.5  

1. 
1/5,000 1/10,000 1.0 2.0m
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2. PH

1 10 ha 20cm
 

3. 

8-7
 

8-7  

 
% As 

 
(Fc) 

% 
(Wp) 

% 

 
(Pw) 

% 

 
(Pr) 

d=30  
(D) 

mm 

 38 1.65 9 4 5 8 25 

   43 1.50 14 6 8 12 36 

 47 1.40 22 10 12 17 50 

   49 1.35 27 13 14 19 58 

 51 1.30 31 15 16 21 64 

 53 1.25 35 17 18 23 69 

(1).Pw=Fc Wp (2).Pr=Pw As (3). dAs
100
PwD  

4.

8-8
 

8-8  
   

 19 25 mm/hr 13 mm/hr 
 13 19 mm/hr 9 mm/hr 
 13 mm/hr 8 mm/hr 

 10 mm/hr 7 mm/hr 
 8 mm/hr 6 mm/hr 
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5.

 

6.
 

7.
 

(1)
(2) (3) (4) (5)
(6) (7) (8) (9)

 

8.5.2  

8-31  

1.

 

2.
 

3.  

4.  

 
8-31  
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1. Sm  

2.
Sl  

3. ( )
Dm  

 

1.
 

2.  

3.  

4.  

5.  

6.  

7.
 

8.  

9.  

10.  

11.
  

12.  

13.  

14.  

15.
 

16.
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Christiansen (Uniformity Coefficients) 

Christiansen
 

…………………….………..…………………(8-6) 

UC Christiansen ( ) Xi i
(mm) X (mm) n  

(application rates) 

(gross application rate)  

( )×100%...(8-7) 

 

 

Tad Tam×Ad×Dr………………………………………………….…..(8-8) 

Tad (mm) Tam (mm/m)
Ad ( ) Dr (m)  

Tam Fc Pwp ……………………………………………..……...…..(8-9) 

Fc (%) Pwp (%)  

 

Ti Tad Etp…………………………..………………...…..………..(8-10) 

Ti (day) Etp (mm/day)  
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67% 50% 33%  

 

 

Q 2.778×ig×A/(Nop×Top)……………………….………….………(8-11) 

Q (l/s) ig (mm) A (ha) Nop
Top n Q / q (q )  

8.5.3  

 

8.5.3.1  

(Tdh) 

Tdh Hop Hf Hfp Hz ………….……………..……………(8-12) 

Hop (m) Hf (
)(m) Hfp (m) Hz

(m) ( )  

Tdh

(booster pump)  

 

( Critical )
 

Hm Ha [ 0.75(Hf He) Hr ] 9.807…………………..….………(8-13) 
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Hm (kPa) Ha (kPa) Hf
(m) He (Critical) (m) Hr

(raiser) (m) 0.75  

8-9  

8-9  

  

cm in cm in 

1.27 1/2 7.6 3 

1.90 3/4 15 6 

2.54 1 30 12 

7.6 3( ) 90 36 

8.5.3.2  

+/-20% +/-10%
(critical)  

HL (θ×Ha He)/L…………………..………………..…….(8-14)  

HL (m/m) θ Ha
(m) He (m) L (m)  

3  

A.  

B.  

C.  

Hazen-Williams  

87.4

852.1

D
)C/Q(Lkhf ……………………………………….....….…..(8-15) 

hf k L Q C
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Hazen-Willian D  

Hazen-Willian  

hac F(hf)………………………………………………….…………(8-16) 

hac (m) F Christiansen’s  

Christiansen’s
(S1)  

2

5.0

N6
)1m(

N2
1

1m
1F ………………………..……….………..(8-17) 

N m
Scobey m 1.9( 8-11 ) Hazen-William m

1.852( 8-11 ) Darcy-Weisbach m 2.0( 8-11 )  

(0.5 Sl)  

2

5.0

N6
)1m(

1m
1

1N2
N2F ……………..………..…….…………(8-18) 

8.5.4  

40 7m×4m
 

1.  

(
1,200mm Fc=10% Wp=4.25% As=1.6 %

(10-4.25)×1.6=9.2% d=9.2×1,200/100=110.4mm)
40%( )

110.4mm( )  

mm16.44
%100

%40mm4.110
 

2.  

70%( )  
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mm9.30
%100

%7016.44
 

3.  

95 (1) (2)
(3)

90  

mm3.34
%90

%100mm9.30
 

4.  

 

7
mm4.4

)mm9.30  

5.  

1
6  

6.  

7 6  

ha/m57day/mm72.5
6

mm3.34 3  

7 4.9mm 6 5.72mm
 

7 ×4.9mm/ 34.3mm 

6 ×5.72mm/ 34.3mm 

7.  
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mm9.4
7

mm3.341
 

8.  

10
mm×ha→m3  

 

 

9.  

40ha×10×4.9mm×7 13,720m3 6
×95.3m3/h×24hr 13,723m3  

10.  

7m 4m 28m2  

11.  

 

12.  

×ha 34.3×10,000m2 343,000 /ha 

13.  

/liter960
ha/357

ha/000,343
 

14.  

//137
7

/960
 

15.  
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hr12
hr/80
ha/960  

16.  

12
hr12

hr24/6  

12 ( 12 ) 

17.  

( × /100%)=(28m2×70%/100%)=19.6 m2 

18.  

( /0.875)1/2 (19.6m2/0.875)1/2 5m 

19. ( catalog ) 

DN-881C (1) 15m (2)
30m (3) 4.9m (4)

5m (5) 80 /hr  

20.  

2
2 m/49

m6.19
hr12hr/80  

21.  

/2
6

12
 

22.  

ha33.3
12

ha40
 

(check 1: n Q / q 3.33ha×357 /ha×80 /hr
95,105 /hr 95.1 m3/hr 95.3 m3/hr) 

(check 2 (8-11) 2.778×34.3×40/24×6 26,468 /sec×3,600
95.285 /hr 95.3 m3/hr) 
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23.  

40ha×357 /ha 14,280  

24.  

80 /hr 28 m2

2.9 mm/hr 29 m3  

hr/mm9.2
m28

hr/80
2  

25.  

 

hr/mm1.4
m6.19
hr/80

2 5-2 O.K. 

26.  

(1) 40 ha (2) 7 (3) 6 (4)
80 /hr (5) 95.3 m3/hr (6) 4.9mm

(7) 34.3mm (8) 1.2m (9) 70% (10)
12 (11) 19.6m2 (12) 29m3/hr  

8.6  

8.6.1  

2 20 /hr
( 8-32)

( 1 3 )
 

1.
2. 25 50% 3.

4.

5.  
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8-32  

 

1.  

2.  

3.  

4.  

5. ( )  

6.  

7.  

1971
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8.6.2  

( 8-33)
 

1.  

2.  

3.  

4.  

5.  

 

PVC

13 32 mm

 

 
8-33  
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30%
8-34

 

 
8-34  

 

 

 

Uc (1.0 1.27×Cv/n)×(Qmin/Qavg)×100%…………………...……(8-19) 

Uc ( ) n (Point Source)
(Line source) ( / Cv

) 1.0 Cv Qmin
( / ) Qavg (

/ )  
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Uc 75% 95%
Uc

Uc 8-10  

8-10  
   Uc 

 > 4  (<2%) 90-95 

  (>2%) 85-90 

 < 4  (<2%) 85-90 

  (>2%) 80-90 

 < 4  (<2%) 80-90 

  (>2%) 75-85 

8.6.3  

 

1. ( fully turbulent) 

5.0)gh2(Co)A(6.3q …….………………………………..…….(8-20) 

q ( /hr) A (mm2) Co g
(9.807 m/s2) h (m)  

2. ( laminar) 

Lf
gHD2A11384.0q ……………………………………..…..…….(8-21) 

f L (m) (
fully turbulent)  

5.0

Lf
HgD2A11384.0q …………...……….………..….……..(8-22) 

 

Darcy Weisbach
F( 8-11)  
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8-11  
  

N 1.852 1.900 2.000 

1 1.004 1.003 1.000 

2 0.639 0.634 0.625 

3 0.534 0.529 0.519 

4 0.485 0.480 0.469 

5 0.457 0.451 0.440 

6 0.438 0.433 0.421 

7 0.425 0.419 0.408 

8 0.416 0.410 0.398 

9 0.408 0.402 0.391 

10 0.402 0.396 0.385 

11 0.397 0.392 0.380 

12 0.393 0.388 0.376 

13 0.390 0.384 0.373 

14 0.387 0.381 0.370 

15 0.385 0.379 0.367 

16 0.382 0.377 0.365 

17 0.381 0.375 0.363 

18 0.379 0.373 0.362 

19 0.377 0.372 0.360 

20 0.376 0.370 0.359 

22 0.374 0.368 0.356 

24 0.372 0.366 0.354 

26 0.370 0.364 0.353 

28 0.369 0.363 0.351 

30 0.367 0.362 0.350 

35 0.365 0.359 0.348 

40 0.363 0.357 0.346 

50 0.361 0.355 0.343 

100 0.356 0.350 0.338 

1.853 Hazen-William  
    1.900 Scobey  
    2.000 Darcy-Weisbach  
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hf 6.377(F)f(L)Q2(1/D)5………………………………….………….(8-23) 

hf (m) L (m) f F
Q ( ) D (mm)  

(f) Moody Diagram  

(laminar flow) f 64 / R   1/ f 2 log (D/ε) 1.14 

R (Reynolds Number) D (mm) ε
(mm)  

(equivalent length)  

Le 1.0 3.0 m 

Le 0.1 0.6 m 

8.6.4  

30 10mm 1.0m
1.0m 10.0m

q  2.813 H0.63 P 10m
12  

1.Total Q 30×q 30×12 360 /hr 

273.1
)1000/(4/)10(

)1000/1()3600/1(360A/QV 22  m/s 

2.Rn VD/1,000 1.273×10/1,000/1.0×10-6 12,730 > 10,000 

Fully Turbulent Flow 

1/ f 2 log (D/ε) 1.14 

for e 0.003 mm 

1/ f 2 log (10/0.003) 1.14   f 0.0149 

3. hf 6.377×f×L× 5

2

D
Q  
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    6.377×0.0149×30× 5

2

10
360 3.69 m 

m 2, N 30 Chistiansen’s friction factor F 0.350 

Head Loss 3.69×0.350 1.29 m 

Emitter 10 1.29 8.71 m 

q 2.813 (8.71) 0.63 11 /hr 

q (12-11) / 12×100% 8.3% 

PS. Coeifficient of Variation Cv 0.08 2 em 

 Uc (1.0 1.27×Cv/n)×(Qmin/Qavg)×100 

 (1.0-1.27×0.08/2)×(11/12)×100 87%( 8-10 ) 

4. Point source, uniform slope, close crop spacing Uc 85 90%  

8.7  

8.7.1  

(intake rate)
( mm) 15 mm

15 mm/hour  

 
(basic intake rate) 1/10

Ib

8-12 (
) ( )

( 8-35)
(2kg) (75×75×400) 100

30 cm 60 cm (mm)  

( 8-36 )

( )  
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8-12  

 (mm/hr) 

     30  

 20-30 

     10-20 

  

8-35  

1. ( instantaneous intake rate, Iinst)
 

nKtI …………………………………………………………………(8-24) 

I mm/min mm/hr K
t n

0 n -1  

(8-24)
 

2. (accumulated depth) (8-24) (8-25)
 

1n1nn Ctt
1n

KKtID ………………………………………(8-25) 

D mm C
1n

K  

(8-25) ( )  

3. (average intake rate, Iave) D t
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Iave  

n
1n

t
1n

K
t

t
1n

K
t
DIave ……………………………..….………(8-26) 

(8-24) (8-26) I Iave  

1n
IIave ……………………………………………………….……(8-27) 

4. (basic intake rate, bI ) 1/10

(8-24) bI  

n1nn Kt1.0nKt)Kt(
dt
d

dT
dI  

n=0.1t or t=10n( )  or t=600n( )….…....….(8-28) 

(8-28) (8-24)  

n
b )n600(kI ………………………………………………...….…….(8-29) 

(cylinder method)
(inflow and outflow method) (ponding method) 8-36

8-13  

 
8-36  
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8-13  

   

 

 
  

 
 

 
 

  
 

(
)  

 
  

 

8.7.2  

1 30 cm 15 cm

12 cm  

2 60 cm 30 cm
 

3 70 100 mm

 

4  

5 1 2

 

6
( 1 2 )

( 20 30 )
8-14 8-15  
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8-14  
 

 
 

 
 

(in mm/min) ( )÷ ( )  
60  

 

8-15  
                           

1 
 

(hr min sec) 

2 
 

(min) 

3 
 

t 
(min) 

4 
 5 

 
(mm) 

6 
 

(mm/min) 

7 
 

(mm/hr) 

8 
 

D 
(mm) 

 
(mm) 

 
(mm) 

14 05 0 0 0  100    0 

14 07 0 2 (0+2) 2 92 100 (100-92) 8 (8/2) 4.00 240 (0+8) 8 

14 10 0 3 (2+3) 5 93 99 (100-93) 7 (7/3) 2.33 140 (8+7) 15 

14 15 0 5 (5+5) 10 89 101 (99-89) 10 (10/5) 2.00 120 (15+10) 25 

14 25 0 10 (10+10) 20 84 100 (101-84) 17 (17/10) 1.70 102 (25+17) 42 

14 35 0 10 (20+10) 30 89 102 (100-89) 11 (11/10) 1.10 66 (42+11) 53 

14 45 0 10 (30+10) 40 95 101 (102-95) 7 (7/10) 0.70 42 (53+7) 60 

15 05 0 20 (40+20) 60 92 100 (101-92) 9 (9/20) 0.45 27 (60+9) 69 

15 25 0 20 (60+20) 80 91  (100-91) 9 (9/20) 0.45 27 (69+9) 78 

8.7.3  

8-15 3
8 8-37

( 3 ) ( mm 8 ) 
8-37 70 74 mm  

8-14 7 mm/hour
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27 mm/hour 60 69
69mm 60 27 mm/hour 120

(2 ) 69 + 27 = 96 mm( ) 3
96 +27=123 mm

 

 

 
8-37  

8.7.4  

(8-25) 1nCtD log  

tlog)1n(ClogDlog  ....................................................................... (8-30) 

Dlogy Cloga0 1na1 tlogx (8-30)
 

xaay 10  ........................................................................................... (8-31) 

(least square method) 0a 1a
(simultaneous equations)  
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2
10

10

xaxaxy
xaNay  .......................................................................... (8-32) 

(8-32)  

Clog
)x(xN

)xy)(x()x)(y(a 22

2

0  

22

2

)tlog()t(logN
))Dlogt(log)(tlog())t(log)(Dlog(  ................................ (8-33) 

1n
)x(xN

)y)(x(xyNa 221  

22 )tlog()t(logN
)Dlog)(tlog()Dlogt(logN

 ................................................. (8-34) 

8-14 3 8 (8-33) (8-34)
8-16  

8-16  
(3) 

 

(8) 

 

(9) 

x=logt  

(10) 

x*x  

(11) 

y=logD  

(12) 

x*y  
t D x=logt x*x y=logD x*y 
2 8 0.301030 0.090619 0.903090 0.271857 
5 15 0.698970 0.488559 1.176091 0.822053 

10 25 1.000000 1.000000 1.397940 1.397940 
20 42 1.301030 1.692679 1.623249 2.111896 
30 53 1.477121 2.181887 1.724276 2.546965 
40 60 1.602060 2.566596 1.778151 2.848705 
60 69 1.778151 3.161822 1.838849 3.269752 
80 78 1.903090 3.621751 1.892095 3.600826 

 10.061452 14.803914 12.333741 16.869993 
 0.838454 1.233659 1.027812 1.405833 

 

2328.101)8039.14(8
)87.16)(0615.10()8039.14)(3337.12(a0  

Clog7471.0
1984.17
8494.12

1984.17
7375.1695869.182  
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C=5.587( anti log) 

1984.17
)3337.12)(0615.10()87.16(81na1  

1n632.0
1984.17
8645.10

1984.17
0955.12496.134  

n=-0.368 

(8-24) (8-25) (8-26)
 

  

  

  

8.8  

1. 1983 ” ”  

2. 1978 “ ”  

3. 1984  “ ”  

4. 1984 ” ”  

5. 1984 “ — ”  

6. 1995  “ ”  

7. 1999 ”
— ”  

8. 1999 ” —
”  

9. 1985  

10. Israelsen, O.W. and Vaughn Hansen, “Irrigation Principle and Practice.” New 
York, John Wiley and Sons, 1962. 

11. Kay, M. “Surface Irrigation: System and Practice.” Bedford, UK., Cranfield 
Press, 1986. 

12. Smith, Stephen W. “Landscape Irrigation—Design and Management. “, New 
York, John Wiley & Sons, Inc., 1997. 
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13. Walker W.R. 1989. Guidelines for designing and evaluating surface irrigation 
systems. Irrigation & Drainage Paper 45. FAO, Rome, Italy. 

14. Wynn R. Walker. “Surface Irrigation: Theory and Practice.” N.J., Prentice 
Hall, 1987. 
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9.1  

9.1.1  

(water management)
 

 

 

 

 

(
)

(farm) farm

farm field farm
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(tertiary unit) field

(plot lot)  

9.1.2  

 

9.2  

9.2.1  

 

(Water conveyance efficiency)  

(
) (Distribution efficiency)

(Division efficiency)  

(Water application efficiency)  

(Project 
efficiency)  

(Consumptive 
use efficiency)  
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(Water storage 
efficiency)  

(Water 
distribution efficiency)  

(Operational efficiency)  

(Economic irrigation efficiency)  

33
20 35

 

9.2.2  
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75
5~10

 

9.3  

 

(off-farm) (on-farm)

( ) (off-farm) ( )
(on-farm)

 

(conveyance system) (distribution 
system) (field)

( )
off-farm

( ) (conveyance system)
( ) (distribution system)

(field)  

( ) ( )
( )

 

9.3.1  
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Wr ( ) Wt Wf
Ws

9-1  

(Water Conveyance Efficiency) 

 

………………………………………………….….….(9-1) 

Ec Wt ( )
Wr  

(Distribution Efficiency) 

( )  

……………………………………….……….….....….(9-2) 

 
9-1  

ED Wf Wt

( )  

(Water application efficiency) 
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…………………………………….…….…………..….(9-3) 

Ea Ws

Wf  

(9-3) Ws  

……………………………………..……....(9-4) 

Ma Mb (
) As d

 

……………………………………….….….……...(9-5) 

Rf Df (9-4) (9-5)
(9-3)  

 

………………………….…….…..…...…..(9-6) 

(Irrigation System Efficiency) 

 

………………………..………………..…………..(9-7) 

EI Wf

Wr  

(Tertiary unit Efficiency) (Water-use 
Efficiency) 
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( )

(
) Wt Wf (

Irrigation Efficiency)  

……………………………..………..(9-8) 

Eu Wu Wt

Wf  

(Overall or Project Efficiency)  

  

…………………….………………………..……..(9-9) 

Ep Wu Wr

( ) (9-8) Wu

 

…………………………………………..….……..(9-10) 

(9-1) (9-2) (9-7)  

……………………………………………………..(9-11) 

(9-12)  

…………………………….………..(9-12) 

9.3.2  
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(Water-storage Efficiency) 

100%
 

………………………………...……….….……..(9-13) 

Es Ws

(9-6) Ma Wn

(9-3) Ma

(Field capacity)  

Es Ea 
 

(Water-distribution Efficiency) 

 

…………………….…………………….……..(9-14) 
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Ed y
d  

 

 

(Consumptive-use Efficiency) 

50%
: 

……………………………….…………….…..(9-15) 

Ecu Wcu Wd

 

 

50~60%
 50%  75%  

9-2
 

(a)(b)(c) (d)(e)(f) (g)(h)(i)
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(h)
(a) (b) (c) (d) (e)

(f) (g) (h)
(i) (g) (i)  Ed

100%

 

 
9-2  

9.4  

9-1  

 

   

Ea=100% Es=80% Ed=80% 
(a) 

Ea=80% Es=90% Ed=85% 
(b) 

Ea=60% Es=100% Ed=90% 
(c) 

Ea=100% Es=50% Ed=75% 
(g) 

Ea=60% Es=100% Ed=95% 
(i) 

Ea=90% Es=90% Ed=85% 
(h) 

Ea=100% Es=60% Ed=70% 
(d) 

Ea=85% Es=80% Ed=75% 
(e) 

Ea=75% Es=100% Ed=80% 
(f) 
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9-1  

  
 

 
 (m) (mm) 

 
 

(mm) 

 
 

(%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

116.0 
117.5 
136.5 
114.0 
97.0 
70.0 
70.5 

100.0 
143.0 

71 
71 
26 
26 
26 
117 
90 
97 

100 
120 
90 

100.8 
100.8 

88 
100.8 
100.8 
145.0 
158.0 
51.0 
51 

114.5 
100.0 
160.0 

34 
34 
34 
34 
51 
51 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
43 
45 
45 
45 
45 
45 
45 
45 
45 
42 
45 
45 

62.9 
62.9 
43.9 
54.4 
63.9 
29.0 
58.5 
82.0 
91.8 
81.2 
81.2 
52.1 
52.1 
52.1 
49.2 
31.4 
63.9 
77.6 
96.6 
58.9 
77.0 
56.4 
59.8 
49.5 
51.7 
30.4 
49.5 
24.2 
37.9 
96.3 
79.8 
45.6 

54.1 
54.3 
77.4 
62.5 
79.8 
100.0 
76.9 
54.9 
49.0 
55.4 
55.4 
86.4 
86.4 
86.4 
91.5 
100.0 
70.4 
58.0 
46.6 
76.4 
58.4 
79.8 
75.3 
90.9 
87.0 
100.0 
90.9 
100.0 
100.0 
46.7 
56.4 
98.7 

F.C.=22.67%,PwP=6.99%, A.M. As=1.44 

30cm 45cm 40cm 40cm 40cm  
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9-2  

9-2  

 
(%) 

 
(%) (%) 

(%) 

1.  
 (a)  
 (b)  
 (c)  
2.  
 (a)  
 (b)  
 (c)  
3.  
 (a)  
 (b)  
 (c)  
4.  
 (a)  
 (b)  
 (c)  

 
60 

40-50 
- 
 

70-75 
50-60 

- 
 

65 
46-50 

- 
 

60 
40-50 

- 

 
40-50 

35 
20-30 

 
65 
55 
35 
 

50 
35 
30 
 

65 
55 

34-45 

 
45 
30 
20 
 

55 
45 
35 
 

45 
35 
30 
 

50 
45 
30 

 
70 
- 
- 
 

70 
- 
- 
 

60 
- 
- 
 

60 
- 
- 

9.5  

1. 1996  

2. 1980  

3. 1994  

4. Bos, M.G. 1979. Standards for Irrigation Efficiencies of ICID. ASCE Journal 
of the Irrigation and Drainage. Division 105 (1) 

5. Hansen,V.E. 1960. New Concepts in Irrigation Efficiency, Transactions of the 
ASAE. Vol 3, No. 1, pp. 55-61. 
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6. Heermann, D.F., Wallender, W.W., Bos, M.G. 1992. Irrigation efficiency and 
uniformity, Management of farm irrigation systems Chapter 6. Hoffman, G.J., 
Howell, T.A. and Solomon, K.H. (ed). 125 - 149  

7. Howell, T.A. 1988. Irrigation Efficiencies. In Handbook of Engineering in 
Agriculture; Brown, R.H., Ed.; CRC Press: Boca Raton, FL, Vol. I, 173–184. 

8. M.G. Bos and J. Nugteren. 1990. On irrigation efficiencies. ILRI publication 
19. 

9. W. Wolters. 1992. Influences on the efficiency of irrigation water use. ILRI 
publication 51. 
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10.1  

10.1.1  

  

 

10.1.2  

 

 

10.1.3  
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10.2  

10.2.1  

66 1 12

( ) ( )  

(regional drainage)
 

 

 

 

 

10.2.2  

 

 

1.

 

2. 150
50
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---  

3.
100

 

4.

10-1  

 
10-1  

 

1.

( )
( )
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2.

10-1 10-2  

10-1  

 

10.3  

10.3.1  

 

50~200

2~3 10~20 1~3
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10-2  
 

2 5 25

 

( )  

……………………….……………….….(10-1) 

Q (cms) R (mm)( 1 2 3
) A (km2) F 0.7 N

( )  

A 1km2 ( )  

(1)1 1  

…………..…...…….(10-2) 

(2)2 2  

 
 

 

 
30,751m 

   
212,570m 

   
419,746m 

   
462,527m 

 
5,789,627m 

 

   

 ………  
 ………

 
 ………

 
 …………

 

 ……  

 ……  
 ........  

  

 ……  

  

 …  

 ……  
( )  ......  

( ) ...  

( ) 
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…….….……...…(10-3) 

(3)3 3  

q3 = 0.0027 R3(cms/km2)………………………………….….….…(10-4) 

R1 R2 R3(mm) 1 2 3 q1

q2 q3(cms/km2)  

( )  

………………………………………...……….(10-5) 

Q (cms) R (mm) 3 D
(mm) 150mm d (mm)

50 mm A (km2) N 3 (
10-3 147 15

)  

~
~

 

 

 

Q=1/3.6 C×I×A.………………..…………….………….….…….……(10-6) 

Q (m3/sec) C ( 10-4 10-5)
I (mm/hr)

10-6 A (km2)  
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10-3 15  

   ( ) 
200 100 50 20 10 5 2 1.11 

1  

 317 288 260 224 197 169 127 86 
 504 445 391 324 276 231 169 113 
 539 486 434 368 319 269 196 125 

 4,137 3,851 3,562 3,170 2,859 2,523 1,990 1,390 

2  

 412 372 334 283 245 205 146 87 
 609 545 483 405 347 290 207 128 
 707 628 553 460 393 327 235 150 

 3,691 3,536 3,369 3,126 2,918 2,676 2,246 1,678 

3 ( 1 )  

 423 379 337 284 244 204 147 91 
 561 503 447 376 323 271 195 122 
 581 528 476 407 354 301 221 139 

 3,222 3,084 2,941 2,738 2,570 2,379 2,052 1,638 

4  

 495 468 439 401 369 335 280 216 
 739 694 694 588 540 487 404 310 
 1,088 994 902 781 688 591 444 291 

 6,616 6,329 6,030 5,609 5,260 4,867 4,196 3,350 

5  

 292 277 262 239 221 199 163 118 
 412 391 370 338 312 828 231 165 
 485 460 433 395 363 327 263 183 

 3,216 3,206 3,191 3,154 3,105 3,017 2,750 2,112 

6  

 284 275 265 248 233 214 178 124 
 399 381 363 336 313 287 241 183 
 414 402 388 367 348 324 277 208 

 3,743 3,710 3,666 3,581 3,485 3,341 2,981 2,269 

7 ( 1 )  

 302 282 261 233 211 188 151 110 
 525 477 430 370 324 277 208 139 
 655 586 521 438 378 318 232 151 

 3,318 3,193 3,059 2,862 2,691 2,491 2,129 1,637 

8 ( 1 )  

 400 397 392 381 367 344 284 169 
 635 619 598 563 529 483 387 241 
 814 776 734 670 615 549 429 274 

 4,506 4,475 4,432 4,352 4,261 4,125 3,783 3,084 

9 ( 2 )  

 370 340 310 272 243 213 169 124 
 570 514 460 391 340 288 214 142 
 706 629 557 465 399 334 242 156 

 3,629 3,492 3,344 3,129 2,944 2,727 2,336 1,809 

10  

 619 579 536 473 419 357 252 132 
 804 760 710 634 566 486 343 174 
 934 872 806 709 626 532 373 195 

 3,962 3,941 3,908 3,836 3,742 3,585 3,143 2,195 

11 ( 1 )  

 768 697 627 536 466 394 285 176 
 1,197 1,065 937 774 654 533 361 201 
 1,216 1,095 977 820 701 579 398 220 

 2,713 2,694 2,628 2,536 2,446 2,328 2,078 1,659 

12  

 1,139 992 855 680 556 436 274 135 
 1,561 1,351 1,153 908 743 566 344 160 
 1,593 1,389 1,194 951 776 605 374 178 

 3,936 2,870 2,799 2,688 2,589 2,469 2,238 1,892 

13  

 753 693 630 543 473 397 276 149 
 1,346 1,164 995 790 646 508 327 173 
 1,326 1,165 1,012 821 684 549 363 197 

 3,748 3,563 3,371 3,100 2,877 2,626 2,202 1,677 

14  

 1,058 940 827 680 572 463 307 163 
 1,745 1,506 1,280 1,002 804 615 365 162 
 1,754 1,524 1,308 1,037 844 656 404 190 

 3,894 3,717 3,530 3,263 3,039 2,784 2,342 1,778 

15  

 324 294 264 227 199 170 128 87 
 526 463 404 332 282 233 166 107 
 539 487 436 371 321 270 195 120 

 3,270 3,070 2,866 2,585 2,359 2,112 1,710 1,242 
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10-4 ( ) 

(mm) 20 40 60 80 100 120 140 160 180 200 

 0.06 0.2 0.25 0.28 0.30 0.30 0.37 0.41 0.47 0.49 
P181  

10-5  

     

 0.30~0.35 0.35~0.45 0.45~0.55 0.55~0.60 
P182  

 

1. Ai(km) Ci  

2. 10 1 24 r24(mm/day)  

3.  

LAB (km) 

LBC ( LBC=0)(km) 

HAB (km) 

HBC ( HBC=0)(km)  

4.  

Rziha  

………..……………..…..………...……..….…(10-7) 

……..………………….…….……..….….……(10-8) 

……..….………………….…….…………...…...(10-9) 

WAB (km/hr) WBC

(km/hr) TAC A C (hr)  

5.  
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……………………….…..…...………....……..……..(10-10) 

6. TAC (mm/hr)  

………………....………………..……..…….……..(10-11) 

7.  

Q=1/3.6 C×I×A………………....………………..……..…….…..(10-12) 

10.3.2  

62

1/2 2/3  

62

62
74 2 5

74

10

93 96

10 1 1
96 102

5 10
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103
10

1 1
10-6  

10-6  

  ( ) 

1  62  

2 2 5  62 74  

3 10  75 93  

4 10 1 1  93 96  

5 5 10  96 102  

6 10 1 1  103  

2016  

(
cms/ha) 10 1 1

74
6 P.27

10  

……………………………………………………(10-13) 

………………………………………………..…….…(10-14) 

hq (cms/ha) TR T (mm)
t (day) 1 F

0.7-0.9 hA (ha) hQ (cms)
1,000 1m 1,000mm 10,000 1ha 10,000m2 86,400

1day 86,400sec  
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………………….…………………..…....….(10-15) 

………………………….…………………….…..……(10-16) 

vq (cms/ha) C (

10-7) i (mm/hr) vA (ha)

vQ (cms)  

10-7 C  

   
 

  

 0.75~0.90 0.70~0.80 0.50~0.75 0.45~0.60 0.75~0.95 

 

 1.00 0.95 0.95 0.90 1.00 

 0.95 0.90 0.90 0.85 0.95 

94  

10.4  

 

 

10.4.1  

 

1. 
(unit block)
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2. 

 

3. (irrigation group)
 

 

1. 

 

2. 

 

3. 

 

4. 

 

5. 
 

A.
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(tide barrier and drainage gate)

 

B.

 

10.4.2  

 

 

1.  

2.  

3.  

 

1.
 

2.
 

3.

 

4. (settling basin)
( )

 

5.
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30

( )

 

 

 

10.4.3 ( ) 

 

  

1. 10.3  

2.  

……………….………....……………………..…………….(10-17) 

D (mm) Q (m3/min) V
1.5 3.0 m sec

 

3.  

A. 
  

B. 
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1. (Water Horse Power , WHP) 

…………………………………………………….…..(10-18) 

WHP KW 1HP 0.736KW Q
(cms) H  (m) r 1000kg m3  

2. (Shaft Horse Power , SHP) 

……………………………………….…….…….(10-19) 

np  

3. (Required Horse Power , RHP) 

………………………………………...……..….…(10-20) 

0.1 0.2 0.2 0.25

t t
0.9 0.95

t
0.92 0.95

t
0.95 0.97

t
0.90 0.95  

10.5  

8 (95 102 )
55 (95 7 -97 6 )

12.6 (97 99 ) 20 (100
102 ) 22.4 409

743 6 (103
108 ) 14.8

(103~104 ) 5.28 (105~106 ) 4.76
(107~108 ) 4.76

(103~104 )
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10.6  

1. 1965  

2. 
1967  

3. 1970  

4. 5 1971  

5. 1971  

6. 1985  

7. 15 1974  

8. 28 1978  

9. 1980  

10. 1980  

11. 
1980  

12. ( )
1981  

13. 1982  

14. 
1982  

15. 1986  

16. 1988  

17. 
1984  

18. 
1998  

19. Brouwer, C., “ Irrigation Water Management Training Manual no. 
1-Introduction to Irrigation.”, FAO Land and Water Development Division, 
UN, 1989  

20. Brouwer, C., “ Irrigation Water Management Training Manual no. 2-Elements 
of Topographic Surveying.”, FAO Land and Water Development Division, 
UN, 1989  
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21. Brouwer, C., “ Irrigation Water Management Training Manual no. 3-Irrigation 
Water Needs.”, FAO Land and Water Development Division, UN, 1989  

22. Brouwer, C., “ Irrigation Water Management Training Manual no. 4-Irrigation 
Scheduling.”, FAO 

23. Land and Water Development Division, UN, 1989  

24. Brouwer, C., “ Irrigation Water Management Training Manual no. 5-Irrigation 
Methods.”, FAO Land and Water Development Division, UN, 1989  

25. Brouwer, C., “ Irrigation Water Management Training Manual no. 6-Scheme 
Irrigation Water Needs and Supply.”, FAO Land and Water Development 
Division, UN, 1989  

26. Brouwer, C., “ Irrigation Water Management Training Manual no. 7-Canals.”, 
FAO Land and Water Development Division, UN, 1992  
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11.1  

(farm land consolidation)
(standard lot) (farm road)

20 (ecological method)
 

106 4 25

 

 

11.1.1  

1949 1951
1953   

 

11.1.2  
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20%

 

0.05

 

50%
 

20%

 

1958

1959 87
50

9 817
1960

11 3,225
1961 10

11-1  

11.1.3  
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1980 12 19
1982 3 12 ( 11-2 )

( 11-3 )  

11-1  
( )   

1949  
37.5%  

1951  
 

1953  
 

1958  
 

1987  
 

1988 
(

) 

1971 2.5-3
4

 
 

11-2  

  1  

1930.06.30  2005.06.15 

1973.09.03  2003.02.03 

1975.10.01  2005.06.10 

1980.12.19  2000.11.08 

1982.03.12  1999.11.02 

2000.01.26  2002.12.11 

2002.03.06  2009.06.03 
2005  
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11-3  

  

1946.10.31  

1962.02.16 

1999.12.24 

 

 

1962.02.16 

1999.12.24 

( )  

 

1999.11.09  

2004.06.30  

2000.01.25  

2000.07.25  

2003.02.10  

2017.03.00 ( ) 

2005  

11.1.4  

( )

 

1. ( )  

2.
( ) ( )  

3. ( )  

4.  

5.
( )  

11.2  

( 11-1 11-2)
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( 11-3 11-4)
(drainage system)

 

  
11-1 1 11-2 2 

  
11-3 1 11-4 2 

 

11.2.1  

( )
 

1.  

2.  

3.  

4.  

5.  

6.  
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( )

 

11.2.2  

 

 

1.   

2.  

3.  

4.  

5.  

6.  

11.2.3  

(land readjustment)

1ha 1.5ha
 

(lot) (farm block)
(water management)

( )
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( 11-5 11-7)  

 

 

1.
(drainage canal)  

2. 10 25 30
3 5 ( 11-8) 

3.  

(1) 0.25 100 ×25  

(2) 0.50 100 ×50  

4. 10  

5. (substitute lot)  

  
11-5 1( ) 11-6 2( ) 

 
11-7 3( ) 11-8  
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11.2.4  

1971
2.5 3

 

1.  

(1) (trunk line road)
7  

(2) (main farm road) 6  

(3) (inter-farm road)
4-5 11-9  

2. (1985)
12 15

(CBR )

 

3. 200 600
(field block) 3-4 300

100-130
12

 

4.

5 11-10 6 ( )
11-11 6 ( ) ( )

11-12

11-13 11-16
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11-9 5  

11-10 5 6  

 
11-11 6  

 
11-12 6  

/  

11-17 11-18
( )
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11-13

 
 

11-14
 

  
11-15  11-16  

 

  
11-17  11-18  

 

11.3  

 

11.3.1  
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11.3.2  

10 cm  

1.  

(1)  

(2)
 

(3)  

2.  

(1) 1.5  

(2)  

(3)
 

11.3.3  
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(E)
ha/cms  

 

…………………………………………(11-1) 

Q (cms/ha) A
(1ha=10,000m2) P (0.15m) N (15 ) T

(86,400sec) E ( 720ha/cms) L
(25%)  

15 720 25
0.0034  

 

11-19  

 
11-19 ( )  
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fc wp

100
………………………………………(11-2) 

d (mm) Pfc (%) Pwp

(%) sγ D (mm) 2/4~3/4
2/4 3/4( 2/4

1/2 3/4
1/4 )  

…………………………………….……(11-3) 

Q (cms) A (ha) d
(mm) t (hr) L 5%

 

11.4  

 

 

1.  

2.  

3.  

4.  

5.  

11.4.1  

1.
2.

3.
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11.4.2  

 

(Hazen Method)
 

T= 2N or 1…………………………..…………………………(11-4) 

T= N= m= P=
CV CS

 

Q  

……………………………………………………(11-5) 

Q (cms/ha) R (
) N (1 ) C ( 0.80 0.95)  

(
)

11-20
 

11.4.3  

(Manning 
Formula)  

…………………………………………………………………(11-6) 

…………………………………………………………(11-7) 

Q= (cms) V= (m/sec) A= (m2) n= R=A/P
(m) P= (m) S= (%)  

 

 …………………………………………….……………(11-8) 
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 ………………………………………….……………(11-9) 

d= (m) θ= A= b=  

 
11-20 ( )  

 

11.4.4  
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( 11-21 11-22)

( 11-23)
( 11-24) ( )

( )

PVC
( 11-25 11-26)  

  
11-21

 
11-22 -
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11-23 ( )

 
11-24

 

  
11-25 ( ) -

 
11-26 -

 
 

11.5  

1958
1959

9 817
1961

2018 60
812 ( ) 393,628

880,000 44.73%
11-4 1962 1971

25  

( 11-5)  
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11.5.1  

( )
( 11-27 11-28)

1,050
650 70  

(1963) (1964)
(1963 ) (1968 )
(1968 )  

 
11-27  

 
11-28  

11.5.2  

86% 20%
26% 98% 28%

99%( 11-29) (
1997)  

0

10000

20000

30000

40000

50000

60000

70000

80000

0

20

40

60

80

100

120

140

160
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11-29  

 

20  

 

 

30
 

 

 

 

 

0

20

40

60

80

100
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11-4  

/ ( )  (ha) 
 

 (ha) 
(1958 ) 2 525 0 0 

(1960 ) 9 817 0 0 
(1961 ) 11 3,225 0 0 

 
(1962 1971 ) 446 251,687 181 53,813 

 
(1973 1974 ) 26 3,694 1 139 

 
(1977 1980 ) 42 18,647 1 1,228 

 
(1981 1985 ) 99 61,310 0 0 

(1986 1991 ) 87 31,066 0 0 

 
(1992 1997 ) 43 13,172 0 0 

 
(1998 2001 ) 16 3,924 0 0 

1
(2002 2004 ) 8 2,289 0 0 

2
(2005 2008 ) 9 1727 0 0 

3
(2009 2012 ) 11 1292 0 0 

4 (2013
2016 ) 2 170 0 0 

5
(2017 2018 ) 1 83 0 0 

 812 393,628 183 55,180 
2018  
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11-5  

  ( ) 
(ha) 

 

  
(1982) 2,092 

 
(1969) 3,155 

  

(1997) 333 
 

(2003) 65 

  
 

(1987) 126 
 

(1968) 101 

  (1986) 930  

  
(1967) 1,289 183  

55,180  (1965) 546 

  (1997) 130  

  
(1967) 378 

- 
(1991) 150 

 - 
(1970) 143 

- 
(1969) 129 

  

( ) 
(1984) 263 

- ( ) 
(1986) 362 

 

11.6  

1. 2003  

2. 2005  

3. 2003  

4. 2019 https://www.land.moi.gov.tw/  

5. 2019 107  
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6. 2000
 

7. 2004
( ) 

8. 2011
( ) 

9. 2011
( ) 

10. 107 2019  

11. WTO ( ) 2006  

12. 
2002  

13. https://www.coa.gov.tw/index.php 2019  

14. 
2013  

15. 
2007  

16. WTO 2002  

17. 
2004  

18. 15: 21-37
2013  

19. ( ) 2005  

20. 
1995  

21. ( ) 2008  

22. 1985  

23. 1997  
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12.1  

 

 

(land leveling 
or grading) (leaching requirement)

(pumper or pumping)
(return flow)

 

12.2  

(laser land leveling)

 

12.2.1  

 

1. 
 

2. 
 

3. 
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4. 
 

5. 
 

6. 

 

12.2.2  

 

1.
 

2. 10m 10m
(grid system)

100ft 100ft(
30.5m 30.5m) FAO(1989)
10m

5%  

12.2.3  

4  

1. (plane method)

 

2. (profile method)
 

3. (plan-inspection method)
 

4. (contour-adjustment method)
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4 (least 
squares) (linear regression fit)

FAO(1989)  

12.2.4 -  

(X Y) (12-1)  

E X,Y =AX+BY+C………………………………………….………..(12-1) 

E (X,Y) A B X Y
C (0,0) A B C  

1
(12-2)  

θij=
Aij………………………………………………………….….……(12-2) 

θij= i j Aij=(i,j) As=
 

2 (12-3)  

Ei
θijEij

N'
j=1

θij
N'
j=1

Ej
θijEij

N"
i=1

θij
N"
i=1

…………………………………...…..(12-3) 

Ei Ej Eij (i,j)
N’ N”  

3 (centroid of the field) (12-4)  

X
θjXj

N'
j=1

θj
N'
j=1

  Y θiYi
N"
i=1

θi
N"
i=1

……………………………………….…..(12-4) 

X Y X Y Xj Yi
j i θj= θij

N"
i=1 θi= θij

N'
j=1  

4 X Y
(12-1) A B (12-5)  

A=
XjEj

N'
j=1

Xj
N'
j=1 Ej

N'
j=1

N'

Xj
2N'

j=1
Xj

N'
j=1

N'

  B=
XiEi

N"
i=1

Xi
N"
i=1 Ei

N"
i=1

N"

Xi
2N"

i=1
Xi

N"
i=1

N"

……….……..….(12-5) 
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5 EF
EF (12-1) C  

6
 

7 (cut/fill ratio) = V (12-6)

(swell) (shrinkage)
1.1 1.5

(FAO 1989) C
D (12-7) (trial and error)

Execl (genetic 
algorithms)(Hamid Raeisi Vanani, et al. 2017)

 

VC AmCm
NC
m=1   VF AnCn

NF
n=1 ………………...……..………(12-6) 

D= R' VF VC

Aj R'NC
j=1

………………………………………………..…...…….(12-7) 

VC VF (m3) VC
(prismoidal formula) (average end area 

method) (four corners method)
USDA(1970) FAO(1989) Cm Fn m n
(m) Am An m n (m2) NC NF

R'= NC=  

12.2.5  

FAO(1989) 20mX20m
12-1 1/2 12-1

(i,A) 400m2 500m2

375 m2  

1 (12-2) θiA=400/400=1 A~E
i~vii 1 θiF=500/400=1.25 ii~vii 1.25

θviiiA=300/400=0.75 B~E 0.75 θviiiF=375/400=0.938
A~F 7.75 7.75 7.75 7.75 7.75 9.688 i~viii

6.25 6.25 6.25 6.25 6.25 4.688  
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12-1 -  

2 (12-3) 12-1
 

3 (12-4) X=72m Y=87.743m  

4 (12-5) X Y A B
0.000373 -0.002746( )  

X=
7.75× 20+40+60+80+100 +9.688×120

5×7.75+9.688
=72m 

Y=
6.25× 20+40+60+80+100+120+140 +4.688×160

7×6.25+4.688
=87.743m 

5 (12-1) X Y A B
EF =1.557( 12-1 ) C  

C=1.557-0.000373X72-(-0.002746X87.743)=1.7711m 

6 A B C (12-1)  

E X,Y =0.000373X-0.002746Y+1.7711 

7
12-2

(12-6) vi =-0.01 400+(-0.01)
400+(-0.02) 400=-16m3 =400 (0.11+0.03)+(0) 500=56m3

VC=627m3 VF=1007 m3

= V 1.1 1.5  
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12-2 -  

 
12-3 -  

8 R'=1.3 23 17
400m2 2 500m2 4

300m2 (12-7) D=0.033m  

D=
1.3 1007 627

 

9 (i,A) * -0.21
* -0.24 12-2

 



257 

10 (12-6) R= VC

VF
= 959

708
=1.35

R'=1.3
 

12.2.6  

12-2

(tractor)
(scraper)

  

1.  

2. (transmitter)  

3. (receiver)  

4. (control box)  

5. (hydraulic system)  

(laser beam)

 

12.3  

12.3.1  

(salts)
(sodium) (chlorine) (boron)

(salinization)  
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3 1.
(saline soil) 2. (alkali/sodic soil) 3. (saline alkali soil) 12-1

 

12-1  
     

1973  EC 4  EC > 4  EC < 4  EC > 4  
 ESP 15 ESP 15  ESP > 15  ESP > 15  

1973  
 

EC 2  
SAR 15 

- 

EC > 2  
SAR 15 
pH < 8.5 

EC 2 
SAR > 15 

8.5 > pH > 10.0 

EC > 2  
SAR > 15 
pH < 8.5 

Soil Science Society of America(1973)  
EC:dSm-1 ESP:% SAR: meq/L  

12-1 1973
(Electrical Conductivity, EC)

4 dSm-1 (Exchangeable Sodium Percentage, ESP) 15%

2 4 dSm-1 (Sodium Absorption 
Ratio, SAR) ESP (Soil Science 
Society of America) 1973

2 dSm-1 15 meq/L pH<8.5   

(salinity)
EC

EC=750 μmho/cm25℃(micromhos per centimeter at 
25℃) EC

dSm-1 EC=750 μmho/cm 25℃ 0.75 
dSm-1(decisiemens per meter)  

12.3.2  

(salt tolerance)

(salinity management)
/

(leaching)
(salt balance)

Salinity Laboratory Staff(1954)  
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LF= Dd
Da

ECaw
ECd

……………………………………………………....(12-8) 

LF (leaching fraction)
Dd Da ECaw ECd

/ / /  

(leaching requirement, LR)  

LR= ECaw

ECd
* = ECaw

ECt-ECaw
……………………………………….………(12-9) 

LR LF
LR

LF LR LF LR
ECd

*

(steady state)
(transient)

ECd
* FAO(1994)

ECd
*=5ECt-ECaw ECt (threshold)

 

12.3.3  

1 40% 30% 20% 10%
ETcrop 800 mm/ ECaw 1ds/m

ECaw 3.6ds/m 90% ( 10% )
ECt 2.5ds/m ECaw 1.7ds/m E=80%

ECd 6.7ds/m

 

1 (12-8) LF= ECaw

ECd
0.15  

2
ETcrop

E
LF

800
80%

mm  

3 40%
LF40%= Dd

Da 1176
0.66 EC40%= ECaw

LF40%

1 =1.5 ds/m

30%  
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LF30%= Dd

Da

-0.3(1000)
776

0.61 EC30%= ECaw

LF30%

1.5
0.61

2.5 ds/m  

20% LF20%
-0.2(1000)

476
=0.58 EC20%

2.5
0.58

=4.3 ds/m  

10% LF10%
-0.1(1000)

276
=0.64 EC10%

4.3
0.64

=6.7 ds/m
EC 1 ds/m

EC 1 1.5 2.5 4.3 6.7 ds/m

6.7 ds/m  

4 ECsw= 1.0+1.5+2.5+4.3+6.6
5

3.2 
ds/m (soil salinity)ECe

(soil-water salinity)ECsw ECaw

3.2 ds/m
LF 15-20% FAO(1994)
ECaw ECe ECsw  

ECsw 3 ECaw ………………..…………………………..…….......(12-10) 

ECe 1.5 ECaw…………………………..……………………..…....(12-11) 

ECsw 2 ECe………………………..…………………………….....(12-12) 

5 LR (12-9) LR= 1.0
5(2.5)-1.0

  

6
90% ETcrop

1-LR
800

1-0.09
880mm/ 1176 

mm/ 296mm(=1176-880) 1176mm
 

7 90% LR= 3.6
5(2.5)-3.6

ETcrop

1-LR
800

1-0.4
1333mm/ 1333-1176

1176
13%

x% ECaw 3.6x+1(1-x) 

=1.7 x=0.27 27% 73%  

2 20 200 m 1.0 m
(soil moisture deficit) 100 mm

0.001m3/sec 12 1.
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(water application efficiency) (deep percolation 
ratio ) (tail water runoff ratio) 2.

EC 1000μS/cm 25°C EC 3000μS/cm 25°C (
)   

 

(m) 10 50 90 130 170 

(mm) 160 155 140 130 120 

1 V(m3)=Q(cms)*T(sec)=0.001*12/24*86400 =43.2m3

V(m3)=200*1*(160+155+140+130+120)/5/1000=28.2m3

V(m3)=200*1*(160+155+140+130+120-5*100)/5/1000=8.2m3 =
+ =43.2-28.2=15m3 =
- =28.2-8.2=20m3  

=20/43.2=46%  
=8.2/43.2=19%  

=15/43.2=34%  

2 DP= -
(12-9) LR DP LR LR
DP 10
50m LR DP

90 130 170m  

 

12.4  

12.4.1  

( ) ( )

Q=0.001cms
           ECaw=1000 ECd=3000

(m) 10 50 90 130 170 - -
(mm),Da 160 155 140 130 120 705 141

(soil moisture deficit),smd 100 100 100 100 100 500 100

(mm),DP=D-smd 60 55 40 30 20 205 41
(mm),LR=(ECaw/ECd)*Da 53.3 51.7 46.7 43.3 40 235 47

,DP vs LR - -
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(pump)

 

(positive displacement type) (non-positive displacement type)
(reciprocating pump) (rotary pump)

(centrifugal pump)
 

 

12.4.2  

1. (centrifugal pump)

2. (reciprocating pump)

3.
(rotary pump)

 

( )  

A. (radial flow pump) (centrifugal pump)

12-4  

B. (mixed flow pump)

(Francis)
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12-5  

C. (axial flow pump) (propeller pump)

12-6  

 
12-4  

  
12-5  12-6  

( )  

  

A.  

(1)  
 
 

(2)  
(3)  
(4)  

B.  
(1)  
(2)  

C.  
(1)  
(2)  

( )  

A. (volute-type pump) 
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12-7

(check valve)
 

B. (turbine-type pump) 

(guide 
vane) 12-8

(turbine pump)
(diffusion pump)

 

 
12-7  

 
12-8  

12.4.3  

(capacity) Q m3/min
m3/s  

 

(efficiency)

( ) ( )
12-2  
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12-2  
(mm) 50 70 80 100 130 160 180 200 260 300 

(%) 45 50 55 60 65 70 72 73 74 75 

(mm) 400 500 600 800 1,000 1,300 1,500 

(%) 76 77 78 79 80 81 82 
 

(head)

12-9

Ha
H  

 
12-9  

(rpm) N

12-3  

12-3 60HZ  
rpm 

 2 4 6 8 10 12 14 16 18 20 

 3,600 1,800 1,200 900 720 600 514 450 400 360 

 3,450 1,750 1,160 870 700 580 500 430 390 350 

(specific speed)

Ns= N Q 1/2

H3/4

NS N rpm Q m3/min H

m 1m

1m3

NS100 NS250 NS1200

NS

 

Ns
Ns Ns

→ → 12-10  
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12-10  

( 1984) 

Q
H P η H-Q P-Q η-Q 3

12-11  

 
12-11  

12.4.4  
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12-12 60Hz

 

RS  MS,SS (2P 2 ) 

HWS  SP  

S  HDS,HDB  

L C  PS,PSW  

HS  VW  

HY  BHS  

SZ   

 
12-12  

70m3/min 5m 60HZ
 

12-12 4 ( C)
(HY) (HS) (HS)

Ns
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800mm Ns 1500 599rpm
585 rpm(12 )  Ns=1464 Ns 1464

 

800mm Ns 800 320rpm
6 8 320rpm

 

800mm Ns 600 340rpm Ns
1/2Q Q  

 

12.5  

12.5.1  

2,500 mm 970mm
2.6

4,400 m3 27,000 m3

0.16( 2018)
1/7 1,000 m3

 

56
1/100-1/120
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12.5.2  

(return flow)
(Wheeler 1987 Gronning 1989 Oad 1997 Horn

2002) ( 1972)

 

(1960)

48.36%  

(1969)
15.34mm

17.68mm 22.06mm
0.69cms

12 0.22cms
21%  

(1972)

10% 40%  

(1986)
282

10%
15% 40%  

(1991)
30.56  

(1996) 14 (
)

4 18 5 1 2%  

(1996)
13.61  
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(1997)
1996

51.897 63%  

(1997) Dupuit’s Assumption
24%

36.56%  

(1998) 1996
2.45 8  

(2003) 2000-2002 403

23,136cmsd( 666,331,468m3/ ) 1992-1998
10,397,022,961m3 6.41% (EC pH )

9,993cmsd( 287,800,800 m3/ ) 23,136cmsd 43%  

12.5.3  
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12.5.4  

 

 

 

 

 

  

12.5.5  

(
) 1825

(
)

12-13 12-15 ( )
106 107 108 1 12-4  

664 ha
( ) pH EC

( )
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12-13  
( 37 2 5 ) 

 
12-14  

( 107 8 1 ) 
12-4 (106 108 1 ) 

 
 

1 2 3 4 5
C.M.S

0.912 0.912 2.331 3.080 2.398 2.191 2.097 2.204 2.518 2.706 2.599 2.505 2.505 1.970 0.990 320.64 
0.420 0.540 0.600 0.600 0.670 0.560 0.280 0.700 0.700 0.700 0.630 0.560 0.210 0.420 0.127 77.48 
0.016 - - 0.027 0.014 - 0.011 - - 0.012 0.003 - 0.018 - - 1.01 
0.436 0.540 0.600 0.627 0.684 0.560 0.291 0.700 0.700 0.712 0.633 0.560 0.228 0.420 0.127 78.49 

- 5.9 - 1.1 4.4 9.3 109.4 - 12.4 - 96.3 30.4 48.5 72.7 30.9 421 

1 2 3 4 5
C.M.S

0.912 0.912 2.331 3.080 2.398 2.191 2.097 2.204 2.518 2.706 2.599 2.505 2.505 1.970 0.990 320.64 
- 0.120 0.357 0.380 0.680 0.480 0.600 0.600 0.600 0.600 0.540 0.300 0.450 0.600 0.600 69.67 
- 0.003 0.001 0.026 0.018 - 0.009 0.000 0.008 0.008 0.010 0.008 0.014 0.014 0.014 1.34 
- 0.123 0.358 0.406 0.698 0.480 0.609 0.600 0.608 0.608 0.550 0.308 0.464 0.614 0.614 71.01 
82.6 0.9 13.0 9.2 - 12.6 2.3 27.4 - - 14.2 - 29.8 - - 192 

6 7 8 9 10
C.M.S

0.128 0.240 0.267 0.461 0.705 0.809 0.824 0.824 0.824 0.824 0.824 0.728 0.469 0.169 0.024 82.86 
0.600 0.120 - - 0.180 0.600 0.300 0.240 - 0.480 0.600 0.480 0.360 0.600 0.600 52.80 
0.008 0.008 0.002 0.006 0.007 0.005 0.006 0.015 0.005 0.013 - 0.005 0.020 0.016 - 1.18 
0.608 0.128 0.002 0.006 0.187 0.605 0.306 0.255 0.005 0.493 0.600 0.485 0.380 0.616 0.600 53.98 

16.4 158.8 4.0 329.9 - 18.2 16.7 154.4 181.1 8.6 - - - - 0.5 889 

C.M.S
0.000 0.804 0.804 1.387 1.387 0.804 0.804 0.804 0.804 0.804 0.804 0.804 0.804 0.804 0.804 125.024
0.296 0.473 0.728 0.780 0.780 0.624 0.767 0.780 0.858 0.810 0.740 0.740 0.800 0.770 0.798 108.48
0.000 0.000 0.000 0.104 0.208 0.118 0.049 0.016 0.024 0.013 0.177 0.000 0.041 0.150 0.000 8.79
0.296 0.473 0.728 0.884 0.988 0.742 0.816 0.796 0.882 0.823 0.917 0.740 0.841 0.920 0.798 117.36

0.0 1.6 0.0 0.0 1.9 0.6 22.9 4.4 9.2 0.0 44.0 31.7 0.0 23.3 38.4 178 

6 7 8 9 10
C.M.S

0.660 0.856 1.539 2.546 2.724 2.537 2.491 2.491 2.491 2.491 2.491 2.247 1.550 0.813 0.486 289.64
0.470 0.236 0.632 0.776 0.800 0.590 0.640 0.533 0.853 0.800 0.802 0.800 0.800 0.640 0.880 104.85
0.000 0.000 0.004 0.014 0.008 0.000 0.002 0.006 0.004 0.000 0.016 0.000 0.009 0.003 0.005 0.71
0.470 0.236 0.636 0.790 0.808 0.590 0.642 0.540 0.857 0.800 0.818 0.800 0.809 0.643 0.885 105.56
537.2 521.7 29.3 48.1 9.9 287.8 28.6 0.0 58.4 37.5 0.0 0.0 0.0 56.4 0.0 1,615 

1/24
17.6 pH=7.37 EC=708

mm
4/10

25 pH=7.78 EC=776

mm
4/9

23 pH=7.72 EC=688
2/6

12 pH=7.77 EC=701

mm

0602
0613

mm

mm
7 28
7 29

8/20 8/8
26.7 pH=6.23 EC=514

10/6
30.1 pH=6.33 EC=703

108 1  

107 1 2  

106 1 2

2/14
21.2 pH=6.22 EC=659

1 2 3 4 5

4/11
25.1 pH=6.25 EC=680

0614 6/12
28.7 pH=7.37 EC=587 7 10

0823 8/3
30.2 pH=7.77 EC=608

10/2
28.6 pH=7.61 EC=666
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 infiltration 18 

  infiltration rate/intake rate 19,141,188 
/  instantaneous intake rate 189 

 
 

  

 substitute lot 235 
  soil profile 15 

 soil water characteristic curve 42 

 
 

  

 pores 15 
 reservoir 10 
 specific speed 265 

 horizons 15 
 capillary water 22 
 capillary fringe 130,132 
 ponding method 190 

 division efficiency 198 
 water distribution efficiency 199 
 irrigation group 5,6,222 
 conveyance losses 60 
 basin irrigation 139,140 

 capillary movement 133 
 delivery requirement 72 

 
 

  

 parent material 16 
 levee 140 
 field 197,198,201 
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 four corners method 254 
 plane method 252 

 unsaturated zone 130 
 ecological method 229 
 water-use efficiency 204 
 water management 197,234 
 water demand 114 
 inter-farm road 236 
 pan evaporation 51 
 main farm road 236 

 average intake rate 189 
 normal pool level 124 
 Scobey Formular 177,186 
 permanent wilting point 27,38 
 field capacity 27,38,205 
 water requirement 75 

 field irrigation requirement 75 
 readily available water 40 

 quarter time rule 153 

 
 

  

 groundwater 130 
 free water 130 

 surface irrigation 139 
 effective rainfall 75,96 
  groundwater zone 130 
 ground water turbulent flow 133 
 useful storage 124 

 porched water 132 
 sub-surface irrigation 139 
 maximun water requirement 66 
 controlled irrigation 140 
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 salinity 258 
 hygroscopic water 22 
 settling basin 223 
 tide barrier and drainage gate 223 

 crop coefficient, Kc 65 
 fully turbulent flow 187 

/  off-farm 201 
 consumptive use, CU 75 

 diversion requirement 76 
 Chistiansen’s friction factor 188 

 
 

  

 plot / lot 198,234 
 unit block 75,84,221 

 influence circle 135 
 pumper 251 
 wasteway 112 

 valley or channel storage 125 
 non-linear correlation 159 

 
 

  

 spring 135 
 application rates 174 
 cut/fill ratio 254 
 gravitational water 130 
 gravity water 23 

 relative transpiration 38,51 
 project efficiency/overall efficiency 198,204 
 gross irrigation water 160 
 water application efficiency 198,203,261 



278 

   
 irrigation application efficiency 160 

-  Hazen-Williams 176 

 intergovernmental panel on climate 
change, IPCC 

47 

 
 

  

 water logging 143 
 return flow 251,259 

 dead storage 124 
 climate change 47 
 corrugation 140 
 distribution system 201 
 water distribution schedule 66 
 distribution efficiency 198,202 
/  border irrigation 139,140 

 
 

  

 drainage 1 
 drainage canal 235 
 aeration zone 130 
 bulk density 24 

 land readjustment 234 
 regional drainage 212 
 drainage system 233 
 drainage facility 4 
 leaching fraction 259 
 furrow irrigation 139,140 
 gross application rate 174 

 basic intake rate 188,190 
 inflow and outflow method 190 



279 

   

 
 

  

 rotation unit 76 
 headworks 134 
 uncontrolled irrigation 140 
 farm ditch 61 
 field block 236 

 contour check 140,163 
 sodium absorption ratio, SAR 258 
 equivalent length 187 

 intermittent irrigation 162 
 least square method 193 
 residual sodium carbonate, RSC 108 

 
 

  

 conduit 112 
 overflow 99 
 farm 197 
 farm road 229 

 cylinder method 190 
 farm block 234 
 Reynolds number 187 
 electric conductivity 105 
 saturated zone 130 
 spillway 124 

 field drainage 4 
 farm land consolidation 229 
 laser land leveling 251 
 trunk line road 236 

 economic irrigation efficiency 199 
-  Darcy-Weisbach equation 177,186 
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 percolation 75,133 
 seepage 133 
 wild flooding 140 

 evaporation pan 51 
 atmometer 51 
 pond 101 

 operational efficiency 200 
 evapotranspiration, ET 51,55,75 
 consumptive use efficiency 199 
 transpriation coefficient 38,51 
 pan evaporation method 65 

 pan coefficient 51 
 actual evapotranspirartion rate 37 

 lysimeter 58 

 
 

  

 laminar flow 185,187 
 tertiary unit 198 

 sprinkler irrigation 139 
 rotational irrigation 162 
 standard lot 229 

 potential evapotranspiration rate 36,37 
 turnout requirement 75 

 tertiary unit efficiency 204 
 multiple regression equation 159 

 
 

  

 turbidity 105 
 tunnel 118 
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 land leveling or grading 251 
 conveyance system 201 
 water conveyance efficiency 198,202 

 
 

  

 pellicular water 132 
 water storage efficiency 199 
 net irrigation water 160 

 total available water, TAW 40 

 
 

  

 weir 115 
 continuous flow irrigation 164 

 
 

  

 irrigation 1 
 irrigation rate 77 

 irrigation methods 139 
 irrigation interval 90 
 irrigation canal 5 

 irrigation system efficiency 201 

 
 

  

 dam 114 
 salt tolerance 258 
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