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Improper water distribution and delivery will cause poor performance of
irrigation networks which requires improvement. Improvement of delivery
method from rotational to arranged method increases farmers’ flexibility in
irrigation management, improves water use productivity, and decreases water
losses. In addition to higher flexibility, arranged delivery does not need
expensive infrastructures and could be implemented in existing networks with
manual operation. One of the important problems in the design of irrigation
networks is the calculation of the canal capacity which is more complex for
arranged delivery methods. Clements’model is used for the determination of
canal capacity for arranged delivery. In this research, the application of
Clements’ model in determining the capacity of two canals in the Ghazvin
irrigation network and arranged delivery is investigated. The probability
distribution function of water delivery to the tertiary intakes is determined.
The results show that the best distribution function is the extreme value
function. However, Clements’ model with the assumption of normal
distribution for the requests shows acceptable performance for canal capacity
determination. The level of flexibility of water delivery is a function of the
degree of freedom of farmers and the possibility of simultaneous water
exploitation of intakes. Considering the existing canal capacity, and calculated
required canal capacity the attainable flexibility in the studied canals is
determined. The results showed that for the degree of freedom equal to 1, the
existing capacity of both canals allows all intakes to receive water
simultaneously. For an accumulative probability of 75 percent, the degree of
freedom could be increased up to 35, and 59 percent.
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Investigating the normality of the
distribution of the requested discharges by
calculating the skewness, kurtosis and
performing the Kolmogorov-Smirnov test.

Collecting daily data of tertiary unit
intakes delivery (requested discharges
of water intakes)

v

Calculate the parameters of the Clement
model

Comparing the cumulative curve and
histogram of real data with the cumulative
curve and normal curve obtained from the

Clement model

v

Calculations of p-value of the Kolmogorov-

Smirnov test of different statistical
distributions

Examining the required capacity and
achievable flexibility with respect to the
existing capacity of the canals

Figure 1. Steps and the flowchart of the research
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Figure 2. Daily delivered discharge at the head of the secondary canal L1
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Figure 3. Daily delivered discharge at the head of the secondary canal L2
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Table 1. Statistics of Clément’s estimated distribution of discharges

Canal Mean(l/s) Standard Dev(l/s)
L1 1144.79 156.43
L2 1525.34 240.3
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Table 2. Main statistics of the discharge at the canal intake

Canal Mean (I/s) Standard Dev (I/s) Coef. Var. (%) Skewness Kurtosis

L1 1144.79 249.29 21.78 -0.39 0.08
L2 1525.34 381.49 25.01 -0.95 0.51
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Figure 4. Histogram of real data and the distribution obtained with Clément's formula at the L1 canal intake
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Figure 5. Histogram of real data and the distribution obtained with CIément's formula at the L2 canal intake
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Figure 6. The cumulative probability of the real data and those obtained with Clément's formula at the L1 canal intake
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Figure 7. The cumulative probability of the real data and those obtained with Clément's formula at the L2 canal intake
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Table 3. The result of the Kolmogorov-Smirnov test in fitting the different statistical distributions to canal data

Canal
L1 L2
Rank Distribution pvalue Rank Distribution pvalue
1 Extreme value 0.097 1 Extreme value 0.0252
2 Weibull 0.0938 2 Logistic 0.0082
3 Generalized extreme value 0.07 3 Tlocationscale 0.0062
4 Logistic 0.0589 4 Generalized extreme value  0.0047
5 Tlocationscale 0.0254 5 Weibull 0.003
6 Normal 0.0242 6 Normal 0.0012
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Table 4. The relative error of the Clement calculated discharge and the actual discharge of canals L1 and L2

Canal
Pq% L1 L2
Qreal(l/s) Qclement(l/s) Relative error (%) Qreal (I/s) Qclement (I/s) Relative error (%)
70 1269 1226.92 -3.32 1764 1651.49 -6.38
71 12725 1231.61 -3.21 1786.5 1658.7 -7.15
72 1276 1236.30 -3.11 1790 1665.91 -6.93
73 1279.5 1240.99 -3.01 17935 1673.12 -6.71
74 1283 1245.69 -2.91 1797 1680.33 -6.49
75 1286.75 1250.38 -2.83 1801 1687.54 -6.3
76 1290.25 1255.39 -2.7 1804.5 1695.23 -6.06
7 1294 1260.39 -2.6 1808 1702.92 -5.81
78 1297.75 1265.4 -2.49 17115 1710.61 -5.57
79 1301.75 1271.03 -2.36 1815 1719.26 -5.28
80 1305.5 1276.35 -2.23 1817 1727.43 -4.93
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Table 5. Achievable flexibility in terms of the cumulative probability of simultaneous intakes
Statistics of Clément’s distribution h

. . .
Canal w(s) o s) Cumulative probability (%) U(pg) Qclement (I/s) Canal capacity (I/s)
1 75 0,675 1250,4
L1 1144.79 156.43 1 09.98 354 1698.6 1700
1 75 0,675 1687.5
L2 1525.34 240.30 1 99.99 371 2416.8 2700
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Table 6. Achievable flexibility in terms of degree of freedom and the cumulative probability of simultaneous intakes

Statistics of Clément’s distribution

Canal w (5) ) eh Cumulative probability (%) U (pg) Qclement(I/s) Canal capacity (I/s)
1.459 55 0.126 1699.01
1.359 75 0.675 1699.3
L1 1144.79 156.43 1.205 95 17 1699.92 1700
1 99,98 354 1698.6
1.735 55 0.126 2698.99
1.599 75 0.675 2698.4
L2 152534 24030 1.396 95 17 2699.64 2100
1117 99.99 371 2699.61
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