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Development of a manual operational model to improve the adequacy and

dependability of agricultural water distribution in the main irrigation canals
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Abstract

This study investigated the effects of non-structural methods, as practical alternatives for upgrading the operational performance of the
irrigation canal. To fulfill this objective, a hydraulic flow simulator model for the Nekoabad irrigation network's main canal was developed,
calibrated and then, using two performance evaluation indicators, the adequacy and dependability of water distribution were evaluated. To
evaluate water distribution improvement in each one of the non-structural solutions, daily water distribution planning; according to each
solution was provided in MATLAB and linked to a simulated mathematical model. To determine the effectiveness of each approach, spatial
analysis of changes insecure distribution (sufficient and sustainable) of agricultural water from upstream to downstream of the irrigation
network, was done in GIS. The obtained results indicate that the adequacy of surface water distribution was improved 10-11% and 9-7% in
the first and second non-structural alternatives, respectively. Besides, the dependability of surface water distribution shows about 13-15%
within the application of the alternatives. The results reveal that the second alternatives, fulfilling appropriate water distribution along with
the middle and downstream canal reaches, show a more or less good performance.

Keywords: Adequacy of water distribution, Dependability of water distribution, Flow hydraulics, Non-structural solution, Upgrading the
irrigation network.
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Figure 1. An overview of non-structural solutions used in this research
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Figure 2. A schematic of the surface water distribution system of Nekoo-Abad irrigation network in the Zayandeh
Rud Basin in central Iran included the irrigated units (c), and Tube-wells dispersion (d).
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Table 1. The evaluation indices for the developed
simulation model’s calibration and verification

Calibration Verification Statistical parameter
0.63 1.14 MAE (%)
0.94 0.9 RMSE (cms)
-0.009 -0.012 CRM
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Figure 3. Spatial variation of water distribution adequacy performance evaluation indices ((A)-(C)) and water
distribution dependability ((D)-(F)) under the normal operation scenario ((A) and (D)), 15% water scarcity scenario
((B) and (E)), and 30% water scarcity scenario ((C) and (F)) in the status quo.
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Figure 4. Spatial variation of water distribution adequacy performance evaluation indices ((A)-(C)) and water
distribution dependability ((D)-(F)) under the normal operation scenario ((A) and (D)), 15% water scarcity scenario
((B) and (E)), and 30% water scarcity scenario ((C) and (F)) by employing the first approach

- -
Shlsel s
v * e

Veur hkl"e,‘.«-f-l " 0,93

ovy



skl el LK s 55,9l ol o SRl 9 ColiS s ap oliea 2ws (6515 o g e dnu g

Tegend

Atatn Canat

Laterst

Figure 5. Spatial dispersion of water distribution adequacy performance evaluation indices ((A)-(C)) and water
distribution dependability ((D)-(F)) under the normal operation scenario ((A) and (D)), 15% water scarcity scenario
((B) and (E)), and 30% water scarcity scenario ((C) and (F)) by employing the second approach

Table 2. Water distribution in the main canal separately for off-takes located upstream, middle and downstream

Adequacy Dependability
Good Moderate Poor Good Moderate Poor Overall performance
_ Upstream 2 2 0 2 2 0 good
o * Middle 0 3 2 0 2 3 moderate
s Downstream 0 0 4 0 0 4 poor
§ « Upstream 2 2 0 3 1 0 good
2 ﬁ Middle 2 3 0 3 1 1 good
g Downstream 0 2 2 1 2 1 moderate
E - Upstream 1 3 0 1 3 0 moderate
43; Middle 0 2 3 0 1 4 moderate /poor
Downstream 0 0 4 0 0 4 poor
o _ Upstream 2 2 0 1 2 0 moderate
§ *  Middle 0 1 4 1 1 4 poor
§ Downstream 0 0 4 0 0 4 poor
28 o Upstream 2 1 1 3 1 0 good
£a pis Middle 2 3 0 4 1 0 good/ moderate
2> Downstream 0 1 3 0 2 2 moderate
g - Upstream 2 2 0 1 3 0 good/ moderate
§ *  Middle 0 1 4 0 1 4 poor
Downstream 0 0 4 0 0 4 poor
Q _ Upstream 1 3 0 0 4 0 moderate
3 *  Middle 0 0 5 0 1 4 poor
§ Downstream 0 0 4 0 0 4 poor
25 o Upstream 1 1 2 1 2 1 moderate /poor
£ é ¥ Middle 1 2 2 1 3 2 moderate /poor
% ~ Downstream 0 0 4 0 2 2 poor
= «n  Upstream 1 3 0 1 3 0 moderate
§ ¥ Middle 0 0 5 0 1 4 poor
Downstream 0 0 4 0 0 4 poor
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