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Hydraulic Studies on the Irrigation Canal

—Hydraulic Properties of the Yonekawa Canal—

Akito NakAzAKI
(Laboratory of Construction Engineering, Faculty of Agriculture)

The author has analyzed the relation between the hydrograph of the upstream side and that of the
downstream side in the open channel of which the width and the discharge decrease, and has
presented the theoretical formulas formulating how fast the wave propagates downstream and how
much the wave gets deformed as it propagates downstream. '

In this paper, the case is only described, that the outflows from the channel are through the pipes
buried under the dike and the width of the channel decreases linearly.

The assumptions for analysis are made as follows :

1. Thefutﬂow discharge per unit length of the channel through the pipes buried under the dike -

is ah?, ’
where

EDZ\/ 2g
a=¢ n——AN T
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c=coefficient due to the opening rate of the inlet of pipe
n=number of the pipes per unit length of the channel
D='\/D12+D22+m +Dm2
m
D1, Da,-- » D,,=diameter of each pipe
g=acceleration of gravity
f=coefficient of friction loss
[ =mean length of the pipes buried under the dike
h=water depth in the channel )
2. The acceleration terms in the equation of motion are negligible.
3. The water surface slope for a comparatively short time and for a comparatively short length of

the channel, has a constant value.
4. The width of the channel, B, is represented Bo(l1+ gz).
where -
Bo=width at the origin of the channel
x=distance from the origin of the channel
5. A cross section of the channel is a broad rectangle.
The resultant equations are as follows :
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where
w=propagation velocity
ho=water depth at z=¢20 at the origin of the channel
h=water depth at t=to+z/0 at x=x
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y=CI* ¥
C= coefﬁclent of Chézy’s formu]a
I=water surface slope
The author applies these theoretical formulas to the Yonekawa canal which is the irrigation canal
of the Kyuhin peninsula, and recognizes that the theoretical values calculated by the theoretical
formulas agree well with the observations.
And the author recognizes that, with the observation values, the ratios of the acceleration terms
of the equation of motion to the water surface slope are less than 1% by the absolute value.
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Fig. 1. Location of the Yonekawa Canal
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a) at Hamahashi

(b) at Yomishinden

" Fig. 2. Cross-section of the Yonekawa Canal
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Table !. Locations and diameters of the pipes buried under the dike
(Location * Distance from the recording water-gauge set at Hamahashi)

Right side bank Left side bank
Location | Diameter || Location | Diameter || Location | Diameter || Location | Diameter || Location | Diameter

(m) (m) (m) (m) (m) (m) (m) (m) (m) | (m)
27 0.20 | . 1,247 0.18 2,222 0.12 67 0. 40 1,479 0.10
115 0. 09 1,273 0.10 2,256 0.09 222 0.12 1,578 0.10
181 0.10 1,314 0.20 2,327 0.17 273 0.34 1,661 0.10
214 0.12 1,346 0. 10 2,351 0.09 " 348 0.10 | 1,686 0.10
270 0.30 1,378 0.20 2,382 0.10 380 0.10 1,719 0.10
368 0.15 1,401 0.12 2,437 0.09 465 0. 10 1,818 0.30
408 0.23 1,420 0.12 2,492 0.12 523 0.16 1,853 0.15
448 0.10 1,451 0.12 2,580 0.12 592 0.15 1,916 0.10
588 0.12 1,540 0.12 2,614 0.12 632 0. 40 1,982 0.12
622 0. 20 1,549 0.24 2,644 0.15 710 0.09 2,275 0.12
632 0.12 1,584 0.10 2,666 0.10 804 0.32 2,319 0. 30
667 0. 15 1,631 0.10 2,686 0.22 933 0.22 2,364 0.10
847 0.15 1,658 0.12 2,698 0.12 960 0. 06 2,382 - 0.10
885 0.20 1,802 0.12 2,717 0.12 1,012 0.18 2,469 0.15
916 0.10 1,853 0.12 2,744 0.18 1,072 0. 20. 2,492 0.12
955 0.10 1,917 0.09 2,763 0.12 1,218 0.10 2,544 0.10
1,005 0.06 1,995 0.12 2,778 0.13 13233 “0.10 2,582 0.12
i, 027 0.20 2,077 0.09 2,820 0.09 1,257 0. 30 2,639 0.12
1,096 0.18 2,108 0.12 2, 840 0.09 1,302 0.15 2,668 0.25
1,135 0.24 || 2,144 0.12 2,862 - 0.12 1,335 0.20 2,701 0.12
1,166 0.20 2,171 0.12 1,378 0.20 2,763 0. 30
1,205 0.15 2,196 - 0.12 1,383 0.30 2,823 0. 05
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Table 2. (a) Observed values of the water-level and the depth
at Hamahashi and Yomishinden (8/5~6)

Hamahashi Yomishinden
Hour
Water-level (cm) Depth (cm) Water-level (cm) Depth (cm)
19 621.5 70. 3 528.2 53.17
20 626.0 - 74.8 527.9 53.4
21 630.5 1 79.3 529.4 54.9
22 632.5 81.3 532.9 58.4
23 635. 0 83.8 535.9 61.4
24 636.0 84.8 538. 4 . 63.9
1 636.5 85.3 539.4 64.9
2 636.5 85.3 540. 9 66. 4
3 636.0 84.8 541.9 67.4
4 636. 5 85.3 541.9 67.4
5 639.5 88.3 5424 67.9
6 639.5 88. 3 543.4 68.9
7 640. 5 89.3 544.4 69.9
8 640. 5 89.3 545.9 71. 4
9 640. 5 89.3 545.9 71.4
10 640.0 88.8 545.9 71. 4
11 639.5 88.3 - 545.9 71. 4
12 637.0 85.8 545.9 71. 4
13 635.5 84.3 544.9 70. 4
14 634. 5 83.3 ' 5434 68.9
15 633.0 81.8 541.4 66.9
Table 2. (b) Observed values of the water-level and the depth
at Hamahashi and Yomishinden (8/9)
Hamahashi Yomishinden
Hour

Water-level (cm) Depth (cm) Water-level (cm) Depth (cm)
3 596.5 45.3 514. 4 39.9
4 598.5 47,3 .- 515.4 40.9
5 600. 5 49.3 5169 42.4
6 602.5 51.3 518.9 44. 4
7 605. 0 53.8 521.9 47.4
8 606.0 54.8 524.4 49.9
9 606. 5 55.3 525.4 50.9
10 606. 0 54.8 525. 4 50.9
11 605. 5 54.3 524.4 49.9
12 605. 5 54.3 523.9 49.4
13 605. 0 53.8 " 523. 4 48.9
14 603. 0 51.8 1521.9 47.4
15 601.5 50.3 ©520.9 46. 4
16 600.0 . 48.8 519.9 45. 4
17 598.0 46. 8 518.4 43.9
18 596.5 45.3 516.9 42. 4
19 594.5 43.3 515.4 40.9
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Table 3. (a) Values of I, ——gl— . %—1;, —Z—— —% (—é— %——)‘/I.and
(% . %} / I (8/5~6)

v
Hour I 1, v oL (—;—aa’:)/li(?%)/z
g @ g > (%) (%)
;3 3.72X 107 7. 69X 107 —2.47X107 0.235 —0. 755
” 341X # 7.94X # ~3.09%X ~# 0.233 —0.906
7 3.43% # 312X # 322X # 0. 092 —0.939
2 3.40X # 2.84X # —3.04X # 0.083 ~0.894
2 3.36X # L.70% # ~2.88X 7 0. 051 —0.857
) 3.33X # —0.29X # 272X 7 ~0. 009 —0.817
) 3.29% # ~2.55X # -2.51X # ~0.078 —0.781
3 34X # 0.29% # 234X # 0.010 —0.722
; 3.23X L.70X # —2.29%X # 0. 053 —0.709
: 3.28%X # 454X # ~2.49% # 0.138 —0.759
p 3.30%X # —0.29% # —2.62X # ~0. 009 ~0.794
] 3.29% # 1.42% » ~2.55X # 0.043 —0.775
g 3.26X # 0 —2.44X # 0 —0.748
9 3.23X # 0 —2.30% # 0 —0.712
10 3.23X # —~1.99%1077 —2.23%X # ~0. 062 ~0.690
1 3.20X # —0.29% # ~2.18X # ~0.009 ~0.679
12 3.16X # —5.10X # —1.97X # 0. 161 —0.623
13 311X~ —1.70X # —1L.72% # —0.055 ~0.553
u 310X~ ~1.70X # —1.74X —0. 055 —0.561
s 3.12% # —L13X # ~1.83% # ~0. 036 ~0.587

Table 3. (b) Values of I, —é—-%—':, % % (% %’; )/Iand

(—Z— : _‘;.Z_)/I (8/9)

Hour I L 9w AL (—;— _38—1:—)/1 (% Z: )/1
& ¥ g %= €)) %)
j 2.82X10™* 3.40%X1077 —5.56X107 0.121 ~0.197
5 2.85%X # 2.84% —6.63% # 0.100 -0, 233
y 2.86X # 312X # —6.79% # 0. 109 -0.237
; 2.84% 3.96X # ~6.28% ~# 0.139 ~0.221
5 2.81X # 113X » —5.56X # 0. 040 —0.198
) L 2.78X 7 0 —4.54X # 0 —0.163
10 2.71% # —0.29X107 ~3.83X ~# ~0.010 -0.138
i 271X # —1L13X # —4.03% # ~0.041 —0.145
12 2.78X # —0.58X # —4.18% 7 —0.021 —0.150
” 2.79% # —0.85% # —4.90% ~# ~0.030 ~0.176
" 2.78X # —3.40X ~ —5.26X # -0.122 —0..189
s 2.71X # —1L70X # ~4.03% ~# ~0.061 —0. 145
" 2.75% # —1.99%X ~ 341X # ~0.072 —0.126
i 2.73X # —3.68% ~# -2.81X # —0.135 ~0.103
" 2.72X # —2.21X # —2.81X # —0.083 ~0.103
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