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Table 2 Wells ranking based on principal component analysis

Number of times Number of times it

Number of times Number of times it

Rank they participated in  has been identified as Well Rank they participated in  has been identified as  Well
the analysis. an effective well. the analysis. an effective well.

0.60 5 3 Wi  1.00 3 3 W3
0.60 5 3 Wi 1.00 3 3 W4
0.57 7 4 Wz 1.00 3 3 W+
0.56 9 5 Ws  1.00 4 4 W12
0.50 6 3 Wiz 1.00 1 1 Was
0.43 3 3 Wis  1.00 1 1 Was
0.40 5 2 Wi 0.89 9 8 W
0.33 6 2 Wi 0.86 7 6 Wao
0.33 6 2 W2  0.86 7 6 W22
0.20 5 1 Wy  0.75 4 3 Wig
0.00 4 0 Ws  0.67 3 2 W1
0.00 2 0 Wi 0.67 3 2 W2

0.67 3 2 Wiz
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Fig 5. Location of effective wells in determination of
groundwater chromium content of Birjand aquifer
during different time periods: a) 2015-16 and b) 2017-19
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Table 3 Number of wells each threshold over different
time periods

Period Threshold Number of wells
ol el ol Koo leay .l ol pls 4y Cd 5 oo 1 17
0.8 17
o) laesls 5 w5l Koo slaols 4 i (6,5 i Jaas 0.6 19
) 2015-16 '
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4SS o i e o B e ol aslie <l 0 25
o9 45 0,5 Loy iz Gleiee sy 90 (nl amlis 1 7
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Table 4 Ranking of wells in the region based on Ni and ITI(i) indices

Rank ITI(i) Well Rank ITI(i) Well Rank Ni Well Rank Ni Well

1.00 W4 1.00 W1 0.00 W4 0.00 W1

1.00 Wis 1.00 W2 0.00 Wis 0.00 W2

1.00 Wi 1.00 W3 0.00 Wi 0.00 W3

1.00 W17 1.00 W4 0.00 W17 0.00 Wa

1.00 Was 1.00 W5 0.00 Was 0.00 Ws

1.00 Wi 1.00 We 0.00 Wig 0.00 We

1.00 Wao 1.00 W7 0.00 Wao 0.00 W7

1.00 W21 1.00 Wsg 0.00 W21 0.00 Wsg

1.06 Wa2 1.00 Wy 0.06 W22 0.00 Wy

1.00 Was 1.00 W10 0.00 Was 0.00 Wio

1.00 W24 1.00 W11 0.00 W24 0.00 W11

1.00 Was 1.00 W12 0.00 Was 0.00 W12

1.00 W13 0.00 Wais
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Abstract

In order to efficiently and effectively manage groundwater resources, it is very important to determine the
important points for sampling in terms of reducing the sample size and saving cost and time. In this study,
the main chrome monitoring network of Birjand plain aquifer was designed using principal component
analysis method and entropy theory, which is a practical method in evaluating quality monitoring systems.
For this purpose, 25 aquifers of Birjand plain with a statistical length of 5 yr (2015-2019) were surveyed.
In the study area, the average annual chromium (hexavalent) of groundwater was studied using principal
component analysis technique and entropy theory to determine the effective sampling wells in the aquifer
of this plain. The results showed that out of 25 wells in the study area, 15 wells can be introduced as
groundwater chromium index wells of Birjand plain aquifer having a good distribution in the area that can
play an important role in reducing sampling costs. Moreover, in order to consider the time factor in the
changes, this method was performed in two time periods of 2 and 3 yr. The results showed that in the period
of 2 yr (2015-2016), 19 wells were selected as effective wells, while the number reduced to 17 wells in the
period of 3 yr (2017-2019). Entropy theory showed that all wells in the region are of equal importance in
monitoring network design.

Keywords: Birjand Plain; Effective Well; Groundwater; Principal Component Analysis
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