Water and Soil Management and Modeling %

University of Mohaghegh Ardabili

@ @

B

Online ISSN: 2783 - 2546

oy E
" Manageres™

Monitoring groundwater level network of Dezful-Andimeshk Plain

Atefeh Sayadi Shahraki' ®, Fahimeh Sayadi Shahraki ** ®, Shaghayegh Bakhtiari Chehelcheshmeh *

1Ph.D., Department of Soil and Water Research, Chaharmahal and Bakhtiari Agricultural and Natural Resources Research
and Education Center, Agricultural Research, Education and Extension Organization (AREEQ), Shahrekord, Iran

2 Assistant Professor, Department of Electrical Engineering, Shahr-e-Qods Branch, Islamic Azad University, Tehran, Iran

3 Assistant Professor, Department of Computer Engineering, Shahrekord Branch, Islamic Azad University, Shahrekord, Iran

Extended Abstract
Introduction
Preservation and proper management of water resources are one of the essential fields of study in the world. In arid

and semi-arid regions like Iran, quantitative and qualitative management of underground water resources is
particularly important. In most hydrological issues and groundwater resources studies, groundwater statistics and
information availability are critical. To collect information without side effects, comprehensive and sufficient data
collection with the help of a groundwater monitoring network is very important. In line with the sustainable
management of renewable water resources, the need for a network of underground water observation (monitoring)
wells to accurately measure the water level is necessary and necessary. Considering the complexities of the
underground water environment and the high costs of conventional monitoring methods, inventing new technologies
and using advanced methods in this matter will significantly help improve the underground water systems. One of the
parameters of particular importance in monitoring groundwater quantity is the groundwater level. Therefore, this
parameter should be measured or estimated as accurately as possible. In recent decades, the use of computer and
calculation models to monitor the level of underground water has developed significantly. Considering the importance
of underground water resources and network monitoring, to save time and money, in this research, principal
component analysis and Shannon's entropy theory were used to monitor the underground water network of the Dezful-
Andimeshk Plain.

Materials and Methods
This research used monthly groundwater level information from 77 observation wells in the Dezful-Andimeshk

Plain during 2018-2019. Groundwater level information is collected twice a month. Principal component
analysis and Shannon entropy methods were used for monitoring. In the current research, the number of
statistical periods for each well is 24, less than the total number of observation wells. Twenty-four observation
wells around it were used to monitor each well. In groundwater level monitoring, the relative importance of each
well is defined by the ratio of the number of times that well is recognized as a compelling well to the number of
times that well is included in the analysis of the main components. This ratio shows the importance of each well
compared to other wells. Therefore, to save time and costs, less important wells can be removed in the
monitoring of the underground water level. In 1948, Shannon showed that events with a high probability of
occurrence show less information, and on the contrary, the lower the probability of an event, the more
information it provides. In this method, the weight of each well was obtained using Shannon's entropy theory.
Any well that has a higher Shannon entropy weight contains more important and unpredictable information and
should be preserved. On the contrary, a well that has a lower Shannon entropy weight can be removed from the
network. Principal component analysis and Shannon's entropy method in the current research were done with the
help of coding in Matlab software due to the high volume of calculations.

Results and Discussion
To rank the wells, the threshold limits are equal to zero, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and one

considered. At threshold one, only wells that have a rank of one remain (wells that are recognized as effective
wells in all analyses) and threshold zero includes all wells (effective and ineffective). According to the obtained
results, increasing the error in the threshold zero to 0.7 is gradual, but in the thresholds 0.8, 0.9, and one, the
error value increases with a high slope. So, the amount of error in the thresholds of 0.7, 0.8, 0.9, and 1 has been
calculated as 12.2, 17.7, 25.3 and 34.2 respectively. Therefore, the threshold limit in the current research is
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considered to be 0.7. However, the number of wells effective in monitoring the underground water level is
reduced from 77 to 32. Shannon's entropy weight values were also calculated for all wells. Eleven wells have the
highest value of Shannon's entropy weight, which shows that they contain the most information.

Conclusion
The general comparison of the results of the two methods showed that all 11 wells with the highest weight in the

Shannon entropy method were also observed as effective wells in the principal component analysis method. By
knowing the effective wells in the region, firstly, in the face of lack of time and money, it is possible to use known
effective wells for monitoring secondly, by removing ineffective wells, there will be little change in the average
level of underground water. It is not possible, or in other words, the tracking error does not increase significantly.
Comparing the results of the two methods showed that the remaining wells in Shannon's entropy theory are among
the wells identified in the principal component analysis method. Also, considering that the wells in the region were
built by the Khuzestan Water and Electricity Organization considering the types of uses, removing the ineffective
wells will not affect the process of using the information of the wells. It is recommended to use principal
component analysis and Shannon entropy for groundwater quality monitoring in the study area. Additionally, it is
suggested to monitor the quality of the underground water network in the study area using the methods used in
future research.
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Figure 1- Geographical location of Dezful-Andimeshk Plain located in Khuzestan province
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Table 2- The correlation matrix of monitoring-well no. 18
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1 67 0.38 0.29 13 47 0.34 0.29
2 33 0.41 0.27 14 35 0.94 0.67
3 57 0.31 0.24 15 29 0.92 0.59
4 76 0.53 0.29 16 8 0.49 0.38
5 53 0.61 0.31 17 65 0.51 0.22
6 49 0.22 0.21 18 38 0.27 0.29
7 19 0.91 0.57 19 32 0.48 0.29
8 54 0.71 0.47 20 26 0.78 0.63
9 22 0.77 0.49 21 40 0.41 0.28
10 59 0.53 0.37 22 23 0.83 0.74
11 25 0.9 0.59 23 48 0.66 0.55
12 71 0.68 0.7 24 2 0.92 0.75
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1 0.45 21 0.95 41 019 61 0.34
2 0.79 22 0.54 42 099 62 0.45
3 0.23 23 0.86 43 036 63 0.43
4 0.29 24 0.93 44 041 64 0.5
5 0.58 25 0.8 45 045 65 0.77
6 0.88 26 0.57 46 027 66 0.29
7 0.81 27 0.54 47 029 67 0.76
8 0.69 28 0.41 48 063 68 0.96
9 1 29 0.37 49 045 69 0.33
10 0.47 30 1 50 011 70 0.18
11 1 31 0.29 51 036 71 0.84
12 0.98 32 0.55 52 024 72 0.27
13 0.79 33 0.61 53 095 73 0.65
14 0.64 34 0.97 54 097 74 0.92
15 0.92 35 0.81 55 051 75 0.12
16 1 36 0.83 56 0.65 76 0.91
17 0.95 37 0.12 57 1 77 0.36
18 0.49 38 0.23 58 0.87

19 0.68 39 0.67 59 1
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Figure 3- The amount of monitoring error in the determined
thresholds
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Table 4- The Shannon entropy weights for wells for quantitative groundwater level monitoring

ol ol s o> w95 Bjs ol> w95l s ol w955 0js
1 0.98 21 0.97 41 0.09 61 0.04
2 0.77 22 0.12 42 3.07 62 0.41
3 0.45 23 1.23 43 0.06 63 0.35
4 0.85 24 0.54 44 0.34 64 0.72
5 0.94 25 0.24 45 0.42 65 0.41
6 0.71 26 0.39 46 0.72 66 0.12
7 0.79 27 0.88 47 0.75 67 0.42
8 0.87 28 0.23 48 0.72 68 1.37
9 0.98 29 0.47 49 0.55 69 0.35
10 0.44 30 0.94 50 0.23 70 0.09
11 1.39 31 0.16 51 0.09 71 2.12
12 0.64 32 0.74 52 0.44 72 0.01
13 0.69 33 0.83 53 1.05 73 0.53
14 0.83 34 2.89 54 1.19 74 0.61
15 1.79 35 0.45 55 0.44 75 0.63
16 0.24 36 0.22 56 0.41 76 0.53
17 1.05 37 0.43 57 1.23 e 0.36
18 0.49 38 0.48 58 0.15

19 0.55 39 0.73 59 0.99

20 0.32 40 0.78 60 0.44
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