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Abstract

Site location is one of the spatial analyzes that has a great
impact on reducing the monitoring costs and is one of the most
important and effective steps in executive projects. For the
economic considerations and reduction of monitoring costs,
optimization approaches in this study are to reduce the number
of the groundwater quality monitoring stations in Dez
watershed in Lorestan province. In this regard, using an
algorithm based on the principle of maximum Shannon
disorder index and based on the pollution index of TH, SAR,
EC, SOs, Cl, HCOs, K, Na, Ca, Mg, TDS and pH parameters,
optimization was done for the available 63 monitoring stations
in the statistical period of 1387 to 1396 (2008-2017). First, the
average rank of each station in the 10 years data was obtained.
Then, appropriates models were proposed for the network
Shannon disorder index regarding the number of stations and
time. After fitting the best model, the results showed that based
on SOg4, Cl, HCO3, K, Na, Ca, Mg, pH, TH SAR, TDS and EC
parameters, respectively 33, 34, 41, 24, 40, 34, 30, 43, 33, 33,
41 and 28 stations are sufficient for groundwater in the study
area. Also, among the 12 quality indicators evaluated for
groundwater, potassium (K) had the highest value of Shannon
disorder index and therefore, it was selected as the superior
index. The mean squared error and the mean absolute error
value were used to validate the results.
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Table 1- Characteristics of the stations studied in this research
g opl 9> andllae 3490 L2 K] Slasuin - Jous

Sgiﬁsd Station T}:Ee X (UTM) ‘ Y (UTM) General area ‘ Seclztzjtsd Station ‘ nge ‘ X (UTM) ‘ Y (UTM) ‘ General area
Cartil 1 48° 3428 33°57'43 Oshtorinan 34 Bradkel 1  48°43'12 33°49'38 Dorud-Borujerd
2 Qaed Taher 2 48°35'14 33°59'50 Oshtorinan 35 Hemianeh 2 48°58'57 33°40'25 Dorud- Borujerd
3 TodehZan 1 48° 35'52 33°57'39 Oshtorinan 36 Shahrak Barun 3 49°32'38 33°26'7" Dorud- Borujerd
4 Goresme 2 48°40'38  34°2'56™ Oshtorinan 37  HomehAligodarz 3 49°39'27 33°25'35 Dorud- Borujerd
5 Sanderkan 2 48°59'49 33°32'41 Oshtorinan 38 Bayatan 2 48°58'55 33°42'23 Dorud- Borujerd
6 Shisheh 1  48°46'40 33°50' 25 Oshtorinan 39 Pahlevankal 2 48°49'56 33°41'14 Dorud- Borujerd
7 Char Bareh 4  48°36'5™ 33°59 30 Oshtorinan 40 Meidan 2 48°49'56 33°41'14 Dorud- Borujerd
8 Deh Yusuf Ali 4 48°39'28  34°3'34™ Oshtorinan 41 Azna 2 48° 55'44 33°36'0.2" Dorud- Borujerd
9 Dehriz 3  48°38'31 34° 4'48" Oshtorinan 42 Kolanganeh 2 48°54'57 33°37'16 Dorud- Borujerd
10 Absardeh 1 48°42'14  33°47'57  Dorud- Borujerd 43 Soran 2 49°10'24 33°31'41 Dorud- Borujerd
11 Jahanabad 3  48°48'9™ 33°51'10  Dorud- Borujerd 44 Dokhaharan 1 49°1'39™ 33°38'12 Dorud- Borujerd
12 Zarem 3  48°49'38 33°47'59  Dorud- Borujerd 45 Siakaleh 2 49°1'5 33°31'53 Dorud- Borujerd
13 Araban 3  48°51'51 33°44'37  Dorud- Borujerd 46 Azizabad 1 48°53 32" 33°35'43 Dorud- Borujerd
14 Cha'a”;::"'c“o' 3 48°54'30 33°40°'50 Dorud- Borujerd 47 Zhan 2 49°7'54™ 33°32'53 Azna- Aligodarz
15 BahramAbad 3  49°5'33™  33°32'58  Dorud- Borujerd 48 Zarnan 2 49°22'18 33°29'50 Azna- Aligodarz
16 Bolvar Imam 3 48°45'32 33°53'7"™  Dorud- Borujerd 49 Sharif Abad 2 49°35'25 33°26'6" Azna- Aligodarz
17 Sehrahi Arak 3 48°47'44 33°51'20  Dorud- Borujerd 50 Galijerd 2 49°37'15 33°36'57 Azna- Aligodarz
18 Asadkhani 2 48°49'8™ 33°47'57 Dorud- Borujerd 51 Senj 2 49°38'3" 33°23'12 Azna- Aligodarz
19 Dariab 1 49°12'10™ 33°26'14  Dorud- Borujerd 52 Mirvondeh 2 49°39'52 33°31'27 Azna- Aligodarz
20 Seh Asiabeh 3 48°44'22 33°54'52  Dorud- Borujerd 53 Mahmodabad 2 49°40'11 33°28'9" Azna- Aligodarz
21 Hajiabad 3 48°52'33  33°43'34  Dorud- Borujerd 54 Moshleh 2 49°40'39 33°28'44 Azna- Aligodarz
22 Khayan 2 48°54'24  33°47'12  Dorud- Borujerd 55 Shen 2 49°42'12 33°27'56 Azna- Aligodarz
23 ChoghaPahneh 3 49°24'57 33°42'56  Dorud- Borujerd 56 Joz 2 49°50'19 33°22'7" Azna- Aligodarz
24 Cheshmehghazi 1  48°44'33 33°51'53  Dorud- Borujerd 57 Gaikan 2 49°50'57 33°23'30 Azna- Aligodarz
25 Abbas Abad 2  48°54'13 33°45'37  Dorud- Borujerd 58 Gandomineh 2 49°53'40 33°21'12 Azna- Aligodarz
26 Safar Ali 1 48°44'36  33°42'0.1  Dorud- Borujerd 59 Fighan 3 49°50'16 33°17'27 Azna- Aligodarz
27 Banafsheh 1 48°42'39 33°50'25  Dorud- Borujerd 60 ChamanSoltan 4 49°52'36 33°17'40 Azna- Aligodarz
28 Buriyabaf 1  48°43'47 33°48'0.1" Dorud- Borujerd 61 Jalesbar 3 49°27'38 33°25'54 Azna- Aligodarz
29 Neyzeh 1 48°42'38 33°50'33. Dorud- Borujerd 62 Gambeh 3 49°27'45 33°30'25 Azna- Aligodarz
30 Zereshkeh 1 48°41'50  33°51'34  Dorud- Borujerd 63 MoghanakSofla 3 49°46'35 33°16'48 Azna- Aligodarz
31 KarbalaiVali 1  48°42'38  33°50'32  Dorud- Borujerd - .
32  GlemSouz 1 48°37'9™ 33°48'6™ Dorud- Borujerd - Deeplgviﬁf'zg'szgm%a::; well
33 Keivere 1  48°43'22  33°48'59  Dorud- Borujerd
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Collection of observational data of sampled
wells, springs,...

Data analysis

v !

Determining the studied statistical Fixing statistical errors and data generation
period

Data normalization

v

Shannon disorder index calculation after removing each site in every statistical year
( Coding and entering data into the R >

\

Determining the lowest value of the Shannon disorder index and the corresponding
station in each statistical year

v

Removal of sites determined in the previous phase of the monitoring
network in each statistical year

Vv

And fitting the appropriate model, presenting Shannon’s disorder index diagram
(number of stations- time) in Matlab.

V

Ranking of stations according to the stage of presence in the network in each year
W

Determining the domain in the fitted model

\/

Determining the optimal monitoring network based on the range and ranking of the stations

Fig. 2- Flowchart of the research steps
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(Akbarzadeh and Ghahraman, 2013)

M,: H(n, ©) = ct(1 — exp{ — E}) +a )
Mp:H(n,t) = a(l — exp{ —}) +ct )
Ma: H(n,©) = a(1 — exp{ — E}) tet+der (V)

n

—exp{—})
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Table 2- Stations ranking for the studied periods based on HCO3s parameters
HCO3 yolyly wlw! o caliseo d)loj Il )3 LolKuy! gauad, - Jous

Mean1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 Yeasr;ét(;(c)ig Mean1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 Yea?}éto"c)iz
247 25 24 271 14 21 32 21 15 23 45 33 178 34 4 2 2 16 2 16 36 17 28 1
452 41 43 36 60 53 26 53 57 48 35 34 253 27 3 30 7 33 24 33 33 40 25 2
254 16 13 22 1 60 25 60 24 5 28 35 284 28 51 24 11 22 3 22 47 32 63 3
423 44 12 56 58 30 58 30 52 57 26 36 245 30 18 52 28 8 30 8 13 50 11 4
168 31 1 18 20 9 11 9 5 25 29 37 247 23 62 28 4 25 29 25 10 8 36 5
343 37 36 35 37 41 39 41 3% 39 3 38 542 60 21 53 53 61 57 61 60 59 7 6
402 5 61 55 43 47 47 47 44 51 2 39 418 49 57 62 15 50 10 50 56 31 41 7
187 13 7 7 24 26 36 26 2 21 25 40 266 21 32 40 54 14 44 14 16 11 4 8
163 20 2 8§ 23 11 22 11 12 14 40 41 381 4 25 50 34 31 54 31 43 49 6 9
259 12 31 31 10 32 27 32 23 5 5 42 567 56 53 58 61 58 53 58 50 61 30 10
311 18 35 29 33 36 41 36 34 37 12 43 252 36 50 16 3 12 51 12 32 16 31 11
243 40 41 9 19 20 18 20 46 13 17 44 452 47 60 37 49 49 34 49 61 18 56 12
296 6 34 3 46 44 35 44 6 44 34 45 323 14 55 17 29 28 40 28 28 33 45 13
265 35 20 38 30 10 8 10 39 29 46 46 335 7 59 61 25 5 50 5 25 36 35 14
394 53 40 15 51 46 17 46 48 28 50 47 178 34 4 2 2 16 2 16 36 17 28 15
173 43 14 4 17 15 21 15 19 12 13 48 453 61 16 49 63 24 55 24 49 58 26 16
193 2 22 11 31 27 16 27 4 10 43 49 171 26 17 23 8 13 14 13 9 6 29 17
172 19 5 26 6 7 13 7 14 22 53 50 448 62 9 48 50 23 59 23 53 63 3 18
197 52 33 13 3% 4 9 4 11 20 16 51 423 11 44 47 57 40 49 40 51 52 2 19
295 58 28 10 18 52 1 52 271 34 15 52 253 271 3 30 7 33 24 33 33 40 25 20
235 651 27 14 26 3 52 3 18 19 22 53 206 46 19 1 9 29 12 29 21 3 40 21
269 59 23 44 21 2 7 2 38 26 47 54 248 45 8 6 27 39 28 39 20 9 5 22
239 24 42 12 22 38 6 38 17 30 10 55 489 50 52 63 52 35 62 35 62 15 63 23
337 22 26 21 32 34 45 34 30 38 55 56 373 55 37 33 45 42 37 42 26 45 11 24
395 9 6 60 55 63 23 63 42 55 19 57 413 33 58 5 41 56 43 5 31 54 36 25
331 63 1 42 36 19 15 19 37 47 52 58 39 10 47 43 44 55 42 55 45 42 7 26
218 15 30 57 16 18 20 18 3 27 14 59 479 42 46 39 47 54 60 54 55 41 41 27
208 8 29 54 12 17 19 17 7 24 21 60 397 39 45 46 40 51 46 51 40 35 4 28
287 48 49 20 62 1 33 1 29 43 1 61 287 3 39 32 39 48 48 48 22 2 6 29
147 32 15 19 13 6 5 6 8 4 39 62 414 17 38 45 38 45 56 45 54 46 30 30
139 1 10 25 5 37 4 37 1 1 18 63 489 38 56 41 56 62 31 62 59 53 31 31
556 54 54 51 48 57 61 57 58 60 56 32
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Table 3- Corresponding stations Shannon disorder with ignoring stations with the least Shannon disorder
during 63 steps for each year based on HCO3 parameter

Lg)loi JW 2 2 &8 Y ol b gl JWET o 5oS b sbolKig] dis b bl Lol ! eile JYWST - Jous
HCO; yiolyby (bl 5

Station Station
Mean 1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 Yea/Code Mean 1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 Yea/Code
r r

1.896 0.686 3.448 1.986 1.026 2.691 1.683 1.904 2.881 1.803 0.851 33  3.051 2.323 2.924 4.327 3.471 2.218 3.051 2.218 2.738 3.227 4.015 1
1.874 0.686 3.393 1.966 1.026 2.658 1.668 1.883 2.829 1.789 0.843 34  3.051 2.323 2.924 4.327 3.471 2.218 3.051 2.218 2.738 3.227 4.015 2
1.850 0.686 3.334 1.944 1.026 2.623 1.652 1.859 2.774 1.771 0.835 35  3.051 2.323 2.924 4.327 3.471 2.218 3.051 2.218 2.738 3.227 4.015 3
1.825 0.685 3.271 1.920 1.025 2.586 1.635 1.834 2.717 1.752 0.826 36  3.051 2.323 2.924 4.327 3.471 2.218 3.051 2.218 2.738 3.227 4.015 4
1.798 0.685 3.205 1.894 1.024 2.547 1.618 1.806 2.658 1.730 0.817 37  3.051 2.323 2.924 4.327 3.471 2.218 3.051 2.218 2.738 3.226 4.015 5
1.770 0.685 3.134 1.866 1.022 2.507 1.599 1.776 2.596 1.706 0.808 38  3.051 2.322 2.924 4.327 3.471 2.218 3.051 2.218 2.738 3.226 4.015 6
1.740 0.684 3.060 1.836 1.018 2.465 1.580 1.743 2.532 1.681 0.798 39  3.051 2.322 2.924 4.326 3.471 2.218 3.051 2.218 2.738 3.2254.015 7
1.708 0.681 2.982 1.805 1.012 2.422 1.561 1.707 2.465 1.654 0.789 40  3.050 2.322 2.923 4.326 3.471 2.218 3.051 2.218 2.737 3.2244.014 8
1.674 0.677 2.901 1.773 1.004 2.378 1.540 1.668 2.396 1.626 0.778 41  3.050 2.321 2.923 4.326 3.471 2.218 3.051 2.218 2.735 3.2224.014 9
1.638 0.671 2.816 1.738 0.994 2.329 1.518 1.627 2.325 1.597 0.768 42  3.049 2.319 2.922 4.325 3.471 2.217 3.050 2.217 2.734 3.220 4.013 10
1.600 0.664 2.727 1.702 0.983 2.276 1.495 1.582 2.251 1.566 0.757 43  3.048 2.318 2.921 4.323 3.470 2.217 3.049 2.217 2.732 3.217 4.011 11
1.560 0.655 2.635 1.664 0.970 2.221 1.471 1.535 2.175 1.531 0.745 44  3.046 2.316 2.920 4.322 3.468 2.215 3.048 2.215 2.729 3.213 4.009 12
1.518 0.646 2.539 1.625 0.956 2.163 1.445 1.484 2.096 1.495 0.733 45  3.044 2.314 2.919 4.320 3.467 2.214 3.046 2.214 2.726 3.209 4.006 13
1.474 0.633 2.440 1.583 0.940 2.102 1.418 1.431 2.014 1.455 0.719 46  3.041 2.312 2.918 4.318 3.465 2.212 3.044 2.212 2.722 3.204 4.003 14
1.427 0.620 2.337 1.540 0.924 2.038 1.389 1.375 1.930 1.411 0.705 47  3.037 2.308 2.916 4.315 3.462 2.209 3.041 2.209 2.718 3.199 3.997 15
1.378 0.603 2.231 1.494 0.906 1.972 1.360 1.316 1.843 1.366 0.690 48  3.034 2.304 2.914 4.311 3.460 2.206 3.038 2.206 2.713 3.1923.991 16
1.327 0.585 2.122 1.446 0.888 1.903 1.329 1.254 1.754 1.318 0.673 49  3.029 2.299 2.912 4.307 3.456 2.202 3.034 2.202 2.706 3.1853.985 17
1.274 0.563 2.008 1.395 0.869 1.832 1.297 1.189 1.663 1.267 0.655 50  3.023 2.294 2.908 4.302 3.451 2.198 3.030 2.198 2.698 3.177 3.977 18
1.217 0.539 1.891 1.338 0.848 1.755 1.263 1.121 1.568 1.215 0.636 51  3.017 2.288 2.904 4.296 3.445 2.192 3.025 2.192 2.689 3.168 3.969 19
1.159 0.513 1.771 1.277 0.827 1.674 1.227 1.050 1.472 1.161 0.616 52  3.010 2.281 2.900 4.288 3.438 2.186 3.020 2.186 2.679 3.159 3.959 20
1.096 0.485 1.647 1.208 0.803 1.584 1.189 0.976 1.371 1.106 0.594 53  3.001 2.274 2.894 4.280 3.428 2.177 3.014 2.177 2.667 3.148 3.948 21
1.027 0.454 1.518 1.132 0.775 1.482 1.129 0.899 1.266 1.047 0.572 54  2.991 2.266 2.888 4.271 3.417 2.168 3.008 2.168 2.655 3.137 3.936 22
0.952 0.420 1.385 1.050 0.745 1.361 1.051 0.819 1.156 0.984 0.548 55  2.034 0.686 3.765 2.101 1.027 2.895 1.792 2.035 3.254 1.879 0.903 23
0.871 0.382 1.247 0.963 0.712 1.229 0.961 0.736 1.041 0.913 0.523 56  2.026 0.686 3.752 2.096 1.027 2.885 1.784 2.027 3.230 1.876 0.901 24
0.784 0.341 1.106 0.868 0.674 1.086 0.861 0.647 0.922 0.836 0.495 57  2.018 0.686 3.737 2.088 1.027 2.872 1.776 2.017 3.203 1.872 0.897 25
0.690 0.297 0.950 0.763 0.629 0.934 0.753 0.555 0.798 0.753 0.465 58  2.008 0.686 3.719 2.080 1.027 2.856 1.767 2.007 3.172 1.867 0.894 26
0.588 0.249 0.782 0.648 0.575 0.774 0.634 0.459 0.667 0.661 0.433 59  1.996 0.686 3.695 2.071 1.027 2.838 1.757 1.996 3.139 1.861 0.889 27
0.475 0.197 0.600 0.519 0.503 0.602 0.509 0.358 0.528 0.543 0.392 60  1.983 0.686 3.665 2.060 1.027 2.818 1.746 1.984 3.103 1.854 0.884 28
0.341 0.140 0.409 0.378 0.369 0.421 0.367 0.254 0.375 0.402 0.296 61  1.968 0.686 3.630 2.048 1.027 2.797 1.735 1.971 3.064 1.846 0.878 29
0.184 0.074 0.208 0.210 0.196 0.233 0.196 0.135 0.201 0.222 0.164 62  1.952 0.686 3.591 2.035 1.027 2.773 1.723 1.957 3.022 1.837 0.872 30
0 0 0 0 0 0 0 0 0 0 0 63  1.935 0.686 3.547 2.020 1.027 2.748 1.710 1.941 2.978 1.826 0.865 31
1.916 0.686 3.500 2.004 1.027 2.721 1.697 1.924 2,931 1.8150.858 32
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Fig. 3- Stations Shannon disorder figure based on HCO3 parameter
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Table 4- Estimation of the model parameters and their evaluation results for groundwater based on Shannon
disorder index

0P WS ad s gy wl! y1 (o3 &l 8l ol (b5, ol 9 Lo (sl ol )b 3,905 —F Jgaa

Based on Parameter
parameter : ° ¢ d MSE MAE Model

So4 5.477 32.623 1x10°° - 8.304 2.168 M1
So4 0.541 32513 3.77 x 1073 - 8.702 2.240 M2
So4 1.002 32.706 3.50x 1073 1.15 x 107¢ 9.09 2.299 M3
Cl 3.692 33.661 1x1073 - 6.726 2.139 M1
Cl 3.004 33.941 2.52x1073 - 7571 2.246 M2
Cl 2.922 33.174 244 x 1073 8.96 x 1076 7.522 2.243 M3
Hco3 4.000 40.259 1x10°° - 3.661 1.640 M1
Hco3 4.000 40.993 3.02x107* - 2.973 1.437 M2
Hco3 4.001 40.992 9.31x 1075 1.90 x 1075 3.064 1.471 M3
K 8.02 23.552 1x107° - 12.358 2.366 M1
K 5.445 23.661 2x107* - 13.884 3.441 M2
K 3.222 23.550 1x107* 2.44 x 1075 13.514 3.241 M3
Na 9.000 39.259 1x10°5 - 12.917 2.694 M1
Na 7.029 39.633 1.99 x 1073 - 13.837 3.114 M2
Na 0.785 39.663 1.75 x 1073 2.09 x 1073 13.380 3.253 M3
Ca 1.099 33.268 6.71 x 107* - 1.412 0.964 M1
Ca 1.000 33.855 9.77 x 10~* - 1.340 0.961 M2
Ca 1.001 33.757 9.77 x 107* 7.03 x 1077 1.341 0.962 M3
Mg 3.064 29.612 1.005 x 107¢ - 2.094 1.114 M1
Mg 3.000 29.980 9.38 x 107* - 3.715 1.552 M2
Mg 0.812 29.865 1.58 x 1073 1.02 x 1073 3.407 1.472 M3
pH 1.000 42.248 1.03 x 1075 - 0.701 0.754 M1
pH 1.010 42.428 1.98 x 10™* - 0.774 0.742 M2
pH 1.000 42.059 9.97 x 1075 1.95 x 1077 0.794 0.425 M3
DS 2.648 32.791 1x10°5 - 1.762 1.014 M1
DS 2.000 32.909 1.12 x 1073 - 2.607 1.278 M2
TDS 2.026 32.713 1.01x 1073 1.22 x 107* 2.714 1.307 M3
TH 2.009 32.762 7.43 x107* - 3.071 1.487 M1
TH 2.000 32.869 1.35 x 1073 - 3.395 1.550 M2
TH 2.005 32.245 9.74 x 107 1.36 x 107 3.687 1.617 M3
SAR 9.000 40.922 1.88 x 1077 - 15.315 4.002 M1
SAR 8.021 40.556 1.48 x 1073 - 15.351 4,226 M2
SAR 5.321 40.369 1.22 x 1073 2.36 X 1075 15.772 4514 M3
EC 2.093 27.425 3.46 x 107* - 2.214 1.244 M1
EC 1.014 27.426 1.47 x 1073 - 2.315 1.265 M2
EC 0.0000283 27.613 1.18 x 1073 6.30 X 107* 2.552 1.347 M3
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1- Empirical Bayesian Kriging

2- Root Mean Square Error

3- Bayesian Maximum Entropy

4- Water Quality Monitoring Stations
5- Value of Information

6- Entropy Transform

7- Analytical Hierarchy Process

x> -5
Ahmadi F, Radmanesh F, Parham Gh, and Mirabasi
Najafabadi R (2017) Application of Archimedean

joint functions in flood frequency analysis of Dez
catchment. Iranian 48(3):1031-1045 (Persian)

Akbarzadeh M and Ghahraman B (2013) A combined
strategy of Entropy and spatio-temporal Kriging in
determining optimal network for ground water
quality monitoring of Mashhad basin. Journal of
Water and Soil 27(3):613-629 (Persian)

Akbarzadeh M, Ghahraman B, And Davari K (2015)

Optimization of Mashhad aquifer groundwater
quality monitoring network using spatio- temporal
modeling.  Iran-Water ~ Resources  Research
12(1):133-144

Changhyoun L, Kyungrock P, Do Guen Y, Joong Hoon
K (2014) Efficient method for optimal placing of
water quality monitoring stations for an ungauged
basin. Journal of Environmental Management
132(4):24-31

Djebou D C S, Singh VP, Frauenfeld OW (2014)
Analysis of watershed topography effects on summer
precipitation variability in the southwestern United
States. Journal of Hydrology 511:838-849

Derikvandi M, Zeinivand H, Tahmasebipour N, and
Haghizadeh A (2021) Application of principle of
maximum entropy in determining the optimum

number of surface water quality monitoring stations.
Iran Water and Soil Research 52(3):783-794 (In
Persian)

Ghorbani Mooselul M, Liltved H, Nikoo M R, Hindar
A, Meland S (2021) Assessing optimal water quality
monitoring network in road construction using
integrated information-theoretic techniques. Journal
of Hydrology 589(2020):125-366

Rajai T, Masoumi F, Ahmadi Siavashani F S (2022)
Optimal location of river system water quality
monitoring stations using discrete information
transfer entropy. Iran Irrigation and Drainage Journal
15(2):295-306 (In Persian)

Shannon C E (1948) A mathematical theory of
communication. The Bell System Technical Journal
27(4):623-656

Tobutt D (1982) Monte Carlo simulation methods for
slope stability. Computers & Geosciences 8(2):199-
208

Salmana R, Nikoob MR, Shojaeezadehc Sh, Hatami P,
Beigloud B, Sadeghe M, Adamowskif JF, Alamdari

N (2021) A novel Bayesian maximum entropy-based

approach for optimal design of water quality
monitoring networks in rivers. Journal of Hydrology
603(2021):126-822

Singh KR, Ajays RD, Kumar KB (2019) An
investigation on water quality variability and
identification of ideal monitoring locations by using
entropy based disorder indices. Science of the Total
of Environment 647(2019):1444-1455

Wu JP, Li H, Qian M (2011) Groundwater quality in
Jingyuan County, a semi-humid area in Northwest
China. E-Journal of Chemistry 8(2):787-793

Yeh HC, Chen YC, Wei C, and Chen RH (2011) Entropy
kriging approach to rain fall network design. Journal
of Paddy and Water Environment 9(3):343-355

333 ol oanass aolivgg IF Y 30L F b lowd (o595 Jw ¢l ! of Kb Oligdss
Volume 19, No. 3, Fall 2023 (IR-WRR)- Special Issue: Groundwater



