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Abstract

Increasing population growth and thereby increasing exploitation of ground water resources has led to not only
decreased quantity but also reduced quality of these valuable resources. Therefore, necessity of studying the quality
of water in these areas can help proper management of these water resources. The aim of this study was to
determine the groundwater quality variables using principal component analysis and then to evaluate the efficacy
of the three kriging models namely simple kriging, universal Kriging, and ordinary kriging in interpolation of the
most important qualitative variables defined in Bam plain. For this purpose, of the 60 existing wells, 40 wells with
good distribution in the study area were selected randomly as for training and the remaining wells were used to
test the models. Results of principal component analysis showed that the two variables EC and TDS as the main
variables explained the highest changes in variance-of other water quality variables. Results of interpolation based
on these two parameters showed that ordinary:and.universal kriging were relatively same in estimating the salinity
in the training step, but in the testing step;.in.the KO method, the RMSE and MAE coefficients are 24.422 and
35.153 microsiemens per centimeter, respectively. These values have differences of 1.22 and 0.52 ps/cm less than
the KU method, and consequently, they are superior to Universal Kriging. In interpolation of variable TDS in both
the training and testing steps, ordinary kriging had the best performance compared to the two other methods.
Interpolation results based on these two variables also showed that the salinity in the north and northeastern parts
of the plain in two ordinary and universal kriging was higher than other places indicating a good conformity with
changes in land use.

Keywords: Water quality assessment, Sustainable development, Groundwater chemistry, Water quality variables,
Water resource management
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Figure 1. Location of selected wells in the study area
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Figure 2. The research flowchart
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Table 1. Total variance values extracted for existing factors

Initial eigenvalues
Factors Total Percentage of variance Cumgﬁtci(\e/ﬁt\;zgiance
1 8.881 88.807 88.807
2 0.605 6.048 94.855
3 0.321 3.207 98.062
4 0.119 1.185 99.247
5 0.057 0.575 99.821
6 0.014 0.144 99.966
7 0.002 0.023 99.988
8 0.001 0.012 100
9 3/E356-8 3/E356-7 100
10 -6/ 366 E-16 -6/ 366 E-16 100

Table 2. Matrix of chemical components of groundwater

Chemical variables of

water Th SAR Na Mg Ca Cl S04 pH TDS Ec

components 0.11 0.09 0.11 0.1 0.1 0.11 0.11 -0.07 0.12 0.12
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Table 3. The results of the statistical analysis of the groundwater quality
. - . Coefficient standard
. Kurtosis Skewness minimum maximum s Mean .
Variable Variation deviation
TDS 10.98708 3.14661 220 6838 1.236681 1030 1273.782
EC 10.98868 3.14661 399 10520 1.236846 1584.375 1959. 628
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Table 4. Characteristics of work units and the number of selected wells from each unit in the training and testing

stages
Number of selected wells
work unit | Area (square kilometers) training testing Description

11 204 3 2 Agricultural use in low alluvial terrace
1.2 2436 17 7 Barren land on a low alluvial terrace
13 132 1 1 moderate and poor pastures in low alluvial terrace
14 81 2 1 Salt lands in low alluvial terrace
15 474 11 7 Agriculture in the clay plain
1.6 256 2 1 Barren in the clay plain
1.7 5 0 0 Poor and moderate pastures in the clay plain
1.8 15 0 0 Salty lands in the clay plain
1.9 0 0 0 Agriculture in the high plains
2.1 39 0 0 Barren in the high plain




2.2 37 1 0 Poor and moderate pastures in the high plains
2.3 2 0 0 Salty lands in the high plains

2.4 18 0 0 Agriculture in the dunes

25 113 2 1 Barren in the sand dunes

2.6 2 0 0 Poor and moderate pastures in the sand hills
2.7 9 0 0 Salt lands in andesitic tuffs

2.8 385 1 0 Agriculture in andesite tuffs

29 0 0 Barren in andesitic tuffs

3.1 22 0 0 Poor and moderate pastures in andesite tuffs
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Table 5. Characteristics of the fitted fit variogramfor the qualitative factors

variable | model Nl(J(?O%et (Cii_'l_lc) Range (m) | Col(co+c) RSS

EC 0K 0.003 114 | 301307 0.26 0.106

DS 0K 0.0029 114 | 391307 0.25 0.112

EC sK 0.007 1157 | 366733 0.6 0.129

DS sK 0.007 1157 | 36676.3 0.6 0.129
IS EC UK 0.003 114 | 301307 0.26 0106 | I 4S JJ:E‘-"L‘“
:\j w\tai: TDS UK 0.0029 114 | 301307 0.25 0106 | el 2 i‘:ﬁ
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Figure 3. Experimental variable related to TDS parameter in OK method
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Figure 4. Experimental variable related to TDS parameter in OK method

Table 6. The results of mutual evaluation of training and test wells in different geostatistical methods of EC
estimation

Assessment | 1o el R? RMSE MAE NSE
stage

KO 0.99 8.03 529 0.99

training KS 0.99 8.13 541 0.99

KU 0.99 8.03 5 20 0.99

KO 0.76 42254 153.35 0.48

rest KS 0.73 445.02 158.82 0.42

KU 0.76 423.76 153.87 0.47




Table 7. The results of mutual evaluation of training and test wells in different geostatistical methods of TDS

estimation
Assessment 2
Model R RMSE MAE NSE
stage
KO 0.99 95.17 19.52 0.99
training KS 0.99 108.09 47.93 0.99
KU 0.99 95.19 19.62 0.99
KO 0.76 61.91 199.89 0.47
test
KS 0.77 267.36 206.84 0.5
KU 0.75 274.75 198.04 0.48
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Figure 5. Evaluation of different EC parameter interpolation methods in the test phase
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Figure 6. Evaluation of different TDS parameter interpolation methods in the test phase
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Figure 7. Spatial distribution of EC changes, ordinary

kriging
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