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Background and Obijectives: One of the most important crises that most
countries are currently facing is the issue of reducing the quality of water
resources. Reducing groundwater resources and increasing pollution,
reduced the potential for using groundwater for various uses. One of the
main reasons for the decline in groundwater quality is the impact of
agricultural drainage due to the excessive use of fertilizers and pesticides.
Also, industries that in many cases have contaminated groundwater with
chemical and hydrocarbon contaminants. In addition to these factors, the
disposal of sewage in cities and villages through absorbent wells made up
of viruses and bacteria also contributes to contaminants. Groundwater
quality monitoring program can ensure the proper quality of water
resources for different uses. Without monitoring, continuous reporting on
the quality of the water supply, its evolution, planning for optimal
allocation for different uses, assessing the impact of new developments,
and designing and implementing management plans is not feasible.
Identification of homogeneous regions in terms of groundwater quality in
Golestan province of northern Iran using Fuzzy Clustering Method
combination with genetic algorithm (GA-FCM) was performed on 14
parameters in a 5- year- time step in 2006, 2011 and 2016.

Materials and Methods: To determine the homogeneous regions for each
year, the optimal number of clusters was initially obtained. After data
clustering in Matlab software, the results of clustering were evaluated
qualitatively with Schuler and Wilcox diagrams. For better representation of
homogeneous regions, classification maps for the study area were presented.

Results: The results showed that the optimum numbers of clusters in 2006,
2011, and 2016 were 6, 5, and 6, respectively. Analysis of groundwater
quality classification maps showed that in 2006, cluster no. 6, including
2.7% of the studied wells located within the city of Kalaleh, is poor in
terms of drinking and farming groundwater quality. Also, based on the
results, it can be seen that 36.8% of the wells across the province were in
good condition in terms of quality of drinking and agricultural parameters
in 2011. Likewise, 33.33% of the wells are in a moderate condition in
terms of drinking quality, and the status of their groundwater has improved
in terms of quality since 2006. Also, the results of NSGA- FCM in 2016
showed that most of the parameters (5.55% of the wells in the province) in
the cluster 3 have a moderate quality.
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Conclusion: The findings of this study showed that the groundwater
quality in the province in 2016 is lower than in 2011, so appropriate
management plans should be adopted. Moreover, it was observed that the
fuzzy clustering method is a suitable method for assessing and
identification of critical region of the quality of groundwater resources,
since it considers the uncertainty conditions in the classes of the
classification system.
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Figure 1. Location of sample wells in Golestan province aquifer.
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Table 1. Drinking water quality criteria according to Schuler.

> (mg/l) o1 ks
SO4 Cl Na TH TDS j
Water Quality
<145 <175 <115 <250 <500 Good = 1
145-280 175-350 115-230 250-500 500-1000 Acceptable J;3 |6 2
280-580 350-700 230-460 500-1000 1000-2000 Medium Lo 5o 3
580-1150 1400-2800 460-920 1000-2000 2000-4000 Inappropriate —..lusl 4
1150-2240 1400-2800  920-1840 2000-4000 4000-8000 Completely undesirable _ ;l=st Sals 5
>2240 >2800 >1840 >4000 >8000 Non-potable — s LG & 6
Sy s ol p kS g5 5 DT e (glaes, Y g
Table 2. Different categories of water and type of quality based on Wilcox classification.
03 s 03, pSlem) s, 5
Categories SAR Categories Salinity (uS/cm)
S1 SAR<10 C1l 250>EC
S2 10<SAR<18 C2 750>EC>250
S3 18<SAR<26 C3 2250>EC>750
S4 26<SAR C4 2250<EC
andlae 53 o3litals; go (slaesls Hlme Bl ol 5 et em SLo (il (gl lol 5o Y J gt
Table 3. Mean, maximum, minimum, and standard deviation values of the data used in this study.
TDS SO, Na TH Cl Mg Ca pH  HCO; EC SAR K
3185 20.2 9.3 1625 158 15.0 26.0 72 99.2 4575 0.3 0.6
MIN
Sl
s 2357.0 5050 7167 6050 10640 792 1420 79 2713 4286.5 129 82
2 8 MAX
R IR
T 6126 812 893 2891 1061 335 598 75 1542  957.3 23 15
Average
S Gl sl
2627 668 1026 883 1466 103 236 02 303 527.7 22 12
STDV
224.0 14 30 1390 8.8 120 250 69 94.0 355.0 01 08
MIN
Sl
o 27560 4202 7389 7148 11043 936 1480 87 3240 44750 146 o
R MAX 3
o —
T 6140 853 868 3184 1003 358 687 73 1696 9716 22 22
Average
Shre Gl ol
316.6 655 1032 929 1523 121 235 03 293 5114 25 18
STDV
235.0 48 41 1689 105 156 360 72 96.1 367.0 01 04
MIN
Sl
o2 24140 4790 8142 7946 12075 960 1600 85 2542 39000 204 13'
28 MAX
=R S
6503 824 1041 3105 1227 354 663 78 1671 10263 26 19
Average
Shre Gl ol
0.3 658 1145 988 1833 132 220 03 293 557.4 27 13
STDV

%3
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Table 4. Number of samples per cluster for the FCM algorithm.

Number of wells Laol- sluas

(e Y oadyt Yok § sy 0 4k 4 T ad st
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
2006 -\vA0 12 7 38 27 24 3
2011 - \va. 21 13 14 42 24
2016 -\140 18 15 6 23 14 32

obr W) b Glaemialy ghad o S sl ol jasiine £ Jade 5l S sbolea

23 $B guad bl YA e s Gree
SLa IS O e BRGSOV IS W Y I R PR
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Table 5. Mean composition of important hydrochemical parameters of cluster centers values (in 2006) of the
studied algorithm.

Ca Mg Na T.D.S Cl SO, HCO; SAR EC
\ oAl
63.1 33.8 97.8 664.1 116.1 71.0 170.0 25 1021.2
Cluster 1
Y ad gt
92.4 46.8 136.0 847.2 217.1 132.7 170.8 2.9 1439.4
Cluster2
PR
= 73.2 33.2 26.6 504.5 33.6 61.9 165.9 0.6 753.1
Cluster3
§ adys
44,7 29.5 56.6 476.8 63.5 54.3 131.5 1.6 708.0
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Figure 3. Zoning of hydrochemical parameters from average cluster center values using FCM algorithm in 2006.
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Figure 4. Schuler and Wilcox diagram for the FCM based on cluster center values in 2006.

Sodsdoe 3 laolr cpl &S Wl I3 sl
S Lol TYEY imes Als L1 ANS 4k
Cands 53 eins ol LS sy
Sla gd egdee 53 Laols b Ll SIB g
SIS 5 a8 s s edalil s oLl e
heed laascil o (gduad s CL:: Al 8
ol 4l N Jd 53 AT Jle 3 Gees ol )V E
laamil s slajlide (gdy WIS R sl
ooly OLES 0 K5 s baad gt e S e plaed

KRGSV Y 4

wa

glollis 8§ I8 6 g LSS5k

A SIS e 3 weins 2l A sleaniad
Do T g S S b
6‘)‘3 Ji..:.: 4.;3)5-0 ‘-;_9 0 g wl.wbjja.wj.a
Ol s Blodyy o gl bl i
UJ} 034 wl.wl.s éj)}LiSs_é)LAA LS\J" u,.SLil.:;
oo B N DT Jf.ls bt 0y
SV il asie ¥ dade 5l S 5 5b0lkes
Sl S Bl el Canss 3 Lacls



Yoo £ o lond YA 0,95 SE g Of Bl gl yingsy

838 uad g el 5 VWA Jle o ad g b3S e )3 abend gladomal p glaslade -\ J g

Table 6. Mean composition of important hydrochemical parameters of cluster centers values (in 2011)
of the studied algorithm.
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Figure 5. Zoning of hydrochemical parameters from average cluster center values using FCM algorithm in 2011.
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Figure 6. Schuler and Wilcox diagram for the FCM based on cluster center values in 2011.
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Table 7. Mean composition of important hydrochemical parameters of cluster centers values (in 2016)
of the studied algorithm.
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Figure 7. Zoning of hydrochemical parameters from average cluster center values using FCM algorithm in 2016.
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Figure 8. Schuler and Wilcox diagram for the FCM based on cluster center values in 2016.
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