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Assessment to Improving Operational
Approaches of the Surface Water Resources on
Groundwater Extraction Reduction (Case
Study: Qazvin Irrigation District)
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S. Javadi® and M.E. Banihabib*

Abstract

The objective of this study is to investigate the effectiveness of
upgrading the water distribution and delivery systems within
the main irrigation canals, on reducing the water pumping from
the aquifer. Consequently, the energy consumption reduction
and carbon emission reduction is investigated. To achieve this
goal, a set of two practical canal automation alternatives,
including a decentralized automatic system and centralized
control system are designed and tested under the normal and
severe (drought) scenarios of the main canal of Qazvin
irrigation network. The results for the first scenario showed
that the adequacy indicators are increased 13% and 28%
respectively with employing the decentralized automated
control systems and the centralized one. Accordingly, the
reduction in extracting groundwater is declined about 26.6%
and inconsequent the energy preservation due to pumping
decrease is equal to 7.27% and the greenhouse gas reduction
rate is obtained 24.1%. The results of the second scenario,
representing the water shortage conditions, indicate that the
improvement of the adequacy index by upgrading the
operating system to decentralized systems is obtained 70% and
for the centralized automated system is obtained 77%.
Accordingly, the reduction in abstracting groundwater from
the aquifer for the proposed automation methods are 28.3%
and 63.4% respectively. Moreover, the reduction of energy
consumption are 21.3% and 71.6%, respectively and the
greenhouse gas emission reduction was equal to 23.4 and 70.1
%, respectively.

Keywords: Operation of Main Canal, Aquifer, Proportional--
Integral Controller, System Predictive Control, Energy
Saving.
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Table 1 - Normal operation scenario
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Operation method Canal Reaches 1 2 3 4 5 6 7 8 9 10

MAE 455  6.07 6.23 6.79 8.24 9.6 11.09 1188 1297 14.23

Amil Regulator IAE 324 327 324 324 373 41 411 478 7.34 9.34
Adequacy 100 95 92 90 85 82 80 77 72 72

MAE 188 281 3.19 3.83 461 5.03 5.78 8.01 8.49 9.34

PI -Upstream FB IAE 099 124 156 213 255 367 38l 438 489 545
Adequacy 100 100 100 98 97 92 89 85 83 83

MAE 154 189 2.16 2.69 3.1 3.44 3.67 3.94 4.02 4.23

PI -Upstream IAE 09 143 165 189 218 221 289 3.11 3.2 3.24
FeFF Adequacy 100 100 100 98 96 95 91 91 88 85
MAE 0.06 0.08 0.09 0.14 0.1 0.12 0.13 0.09 0.09 0.06

CMPC IAE 0.43 0.44 0.37 0.52 0.89 0.88 0.72 0.56 0.45 0.38
Adequacy 100 100 100 100 100 100 100 100 100 100
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Table 2- Shortage operation scenario
S (515520 2 (S92 )l =Y Jgoa

Operation method Canal Reaches 1 2 3 4 5 6 7 8 9 10
MAE 20.20 27.4 28.8 324 29.3 335 38.4 43.7 47.1 51.8
Amil Regulator IAE 6.8 73 77 8.3 97 114 118 148 15.7 15.7
Adequacy 93 86 79 75 70 70

Pl -Upstream FB MAE 5.8 8 8.5 9.7 11.7 13.2 151 17.7 19 20.9
IAE 3.8 4.3 4.6 5.2 6.1 7.3 7.8 8.9 11.3 13.3

Adequacy 95 90 83 81 77 72 72 70
PI -Upstream MAE 4.1 5.6 6 7 8.4 9.5 10.7 12.7 135 14.8
FBAFF IAE 2.6 31 34 3.9 4.6 5.5 5.9 6.7 8.2 9.5
Adequacy 90 88 86 85 79 78 7 74 72 70
CMPC MAE 2.9 2.8 3 34 4 4.6 5.2 5.6 6 6.5
IAE 1.6 18 1.8 2 24 25 2.7 3 3.8 4.5
Adequacy 80 82 80 89 81 81 80 79 77 77
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7- Model Predictive control

8- Feedback

9- Feed-forward

10- State Space Model

11- Maximum Absolute Error (MAE)

12- Integral of Absolute Magnitude of Error (IAE)
13- Safe Yield
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6- Reinforcement Learning
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