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Figure 1- Location of study area in the Hormozgan Province and Iran.
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Table 1- Descriptions of the lithology formations in the study area.

GEO-UNIT Description Age

EOas-ja Undivided Asmari and Jahrum Formation, regardless to the disconformity Paleocene-
separates them Oligocene

Mmn Low weathering gray marls alternating with bands of more resistant shelly Miocene

limestone (MISHANFM)
MuPlaj Brown to grey, calcareous, feature-forming sandstone and low weathering, Miocene
gypsum- veined, red marl and siltstone (AGHAJARIFM)

OMr Red, grey, and green silty marls interbedded with subordinate silty Oligocene-

limestone and minor sandstone ribs (RAZAKFM) Miocene

Plbk Alternating hard of consolidated, massive, feature forming conglomerate Pliocene

and low -weathering cross bedded sandstone (BAKHTYARIFM)
Qft2 Low level Piedmont fan and Valley terrace deposits Quaternary
pC-Ch Rock salt, gypsum & blocks of contorted masses of sedimentary material PreCambrian-

such as black laminated fetid limestone, brown cherty dolomite, red Cambrian

sandstone & variegated shale in association with igneous rocks such as
diabase, basalt, rhyolite and trachyte

«=9) dbw‘lf.o ‘_g‘).g ‘;o)lf dbﬂgw Gous 6&0}'»\5‘ =Y Jogus
Table 2- Numerical values of verbal judgments for pairwise comparisons.

Preferences (Verbal Judgments)

Numerical Value

Absolutely more preferred/important/desirable 9

Very strongly preferred/important/desirable

Strongly preferred/important/desirable

7
5
Slightly more preferred/important/desirable 3
1

Equally preferred/important/desirable

Intermediate preferences

2,4,6,and 8
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Figure 3- Weights of selected criteria using the Analytic Hierarchy Process.
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Figure 4- Location map observational wells by TOPSIS model.
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Figure 5- Location map observational wells by TOPSIS model.
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Figure 6- Map of the average spatial priority of groundwater wells.
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Figure 7- Thiessen network map indicating impacted areas by observational wells

Table 3- The mean of the location score in the Thiessen network

i Al 50 (U 0 jlastel (puSilen - ¥ Jgur

Thiessen Observation  Average Thiessen Observation  Average
network well site network well site
number number selection  number number selection

score score
1 1 0.222 21 21 0.369
2 2 0.595 22 22 0.313
3 3 0.708 23 23 0.412
4 4 0.739 24 24 0.168
5 5 0.771 25 25 0.642
6 6 0.485 26 26 0.533
7 7 0.610 27 27 0.487
8 8 0.618 28 28 0.426
9 9 0.524 29 29 0.111
10 10 0.593 30 30 0.607
11 11 0.463 31 31 0.621
12 12 0.673 32 32 0.713
13 13 0.574 33 33 0.412
14 14 0.352 34 34 0.556
15 15 0.468 35 35 0.887
16 16 0.413 36 36 0.807
17 17 0.480 37 37 0.614
18 18 0.519 38 38 0.426
19 19 0.462 39 39 0.566
20 20 0.319 40 40 0.517
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Figure 8- Suitable and unsuitable wells in terms of location
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Figure 11- The results of the homogeneity test respectively in well No. 1, 14 and 29.
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Figure 12- The relative importance of groundwater observational wells.
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Table 4- The relative importance of the groundwater wells in the Gahkom Saadatabad Plain.

well Relative well Relative well Relative well Relative
number importance number importance number importance number importance
w14 0.422 W36 0.310 W9 -0.355 W4 0.649
w17 0.421 w28 0.258 W37 -0.411 W39 0.643
W33 0.415 W11 0.226 w8 -0.493 w1 0.632
W25 0.326 W7 0.128 W32 -0.606 W3 0.623
w18 0.323 W20 0.071 W15 -0.632 W2 0.613
W29 0.691 W16 -0.015 W30 0.683 W13 0.562
w27 0.690 W12 -0.121 W40 0.677 W24 0.556
W26 0.686 w23 -0.207 W34 0.674 w21 0.550
w22 0.685 W19 -0.228 W35 0.667 W31 0.522
W5 0.683 W10 -0.315 W38 0.667 W6 0.485
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Table 5- The fitted variograms in the Gahkom Saadatabad Plain.

Model Nugget Sill Range Effective Proportion r2 RSS
Co Co+C Parameter Range C/(Co + C]
Ao
Spherical 1.00000  412.90000 38420.0000 38420.0000 0.998 0.843 19111
Exponential 1.00000  412.90000 18710.0000 56130.0000 0.998 0.803 26911
Linear 1.00000  412.90000 27130.0000 27130.0000 0.998 0.866 15836
Lineartosill  1.00000  412.90000 27130.0000 27130.0000 0.998 0.866 15836
Gaussian 47.00000 504.90000 21610.0000 37429.6180 0.907 0.871 15138
307 Isotropic Variogram
g 298
g
g
& 199
5
99
0l g
0.00 6501.40 13002.60 1950420  26005.60

Separation Distance

Gaussian model (Co=47.0000; Co+ C =504.9000; Ao=21610.00; r2=0.871;
RSS=15138)
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Figure 13- The best variogram (Gaussian model).
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Table 6- The value of the standard error statistic.

Description RMSE
Standard error before removing low-importance wells ~ 0.68
Standard error after removing low-importance wells 0.79
Error percentage change 14.71
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Table 7- Theresults of clustering analysis for the groundwater observational wells in the Gahkom
Saadatabad Plain.

Well Cluster Well Cluster Well Cluster Well Cluster

number number number number
1:wi 1 11:w11 1 21:wW21 1 31:w3l 4
2:W2 2 12:W12 1 22:W22 5 32:W32 4
3:W3 3 13:W13 2 23:W23 1 33:wW33 3
4:W4 4 14:W14 1 24:W24 1 34:W34 3
5:W5 1 15:W15 5 25:W25 3 35:W35 2
6:W6 1 16:W16 5 26:W26 4 36:W36 2
T-WN7 5 17:W17 5 27:W27 2 37:W37 5
8:W8 5 18:W18 5 28:W28 1 38:W38 1
9:W9 5 19:W19 5 29:W29 2 39:W39 1
10:W10 5 20:W20 5 30:W30 2 40:W40 2
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Figure 14- The results of the clustering analysis for the groundwater observational wells in the
Gahkom Saadatabad Plain.
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Extended Abstract

Introduction and Goal

Groundwater plays a key role in supplying the requirements of the communities in various
sectors such as drinking, industry and agriculture, etc. The important of this vital resource is
even greater in arid and semi-arid regions that face decrease in precipitation. Because aquifers
are considered as the main sources of water supply for communities in these areas. Also, due to
their location, these resources in the coastal areas are impacting by climatic changes in the
interaction of land and sea, and also, at the same time they are influencing by human activities.
Therefore, understanding of the quantitative and qualitative characteristics of groundwater
tables and their monitoring is necessary. Continuous monitoring of the groundwater network
requires spending money, time, labor, and manpower, and optimizing the monitoring network
can be a useful solution to reduce the aforementioned problems. Therefore, the research was
conducted with the aim of optimization the groundwater monitoring network in the Gahkom
Saadatabad plain, Hormozgan province, using statistical methods.

Materials and Methods

In this research, first, by reviewing sources, Ministry of Energy guidelines, and using the
perspective of groundwater experts, 9 criteria (consisting of the mean ground water level, mean
annual drop of ground water, hydraulic conductivity, density of exploitation wells, distance
from the river, Geological formation, land-use, distance from the fault and distance from the
spring) were selected. Then, using the Analytical Hierarchy (AHP) method, each of the criteria
was weighted, and a map was prepared for each of them to carry out the location process.
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In this research, TOPSIS and WASPAS multi criteria decision making models were employed
to implement the process of locating observed wells. Then, to evaluate the current monitoring
network with location results, the Thyssen network for each aquifer was drawn. Also, the mean
score of the location maps in each Thyssen polygon was obtained. For each well and each
polygon, wells with the meam score of less than 0.3 were considered as unsuitable wells. Next,
in order to ensure the accuracy of the selection of unsuitable wells, Pettitt’s homogeneity test
and standard normality test were performed. In the next step, the principal component analysis
(PCA) method was used to determine the relative importance of 40 wells in the region, and
wells with low relative importance were eliminated. Then, the Kriging interpolation method was
used to find out the standard error value due to the removal of the wells. Finally, clustering
analysis was used to group wells with the similar characteristics.

Results and Discussion

The results of the AHP showed that among the 9 criteria used in the research, the density of
exploitation wells with a weight = 0.217 and the distance from the fault with a weight = 0.031
were ranked as first and last ranks, respectively. Comparison of multi-criteria decision-making
models for the location process also indicated the same accuracy of both TOPSIS and WASPAS
models. Therefore, the mean map of the two models was prepared and used to carry out the next
steps of the research. Based on the results of the evaluation of the current monitoring network
with the results of location (optimal network), 3 wells were identified as unsuitable wells. Also,
based on the P value of the Petit test and the standard normal test, it was determined that all
three wells were correctly selected as Heterogeneous wells. Based on the findings obtained from
the PCA method 6 wells (numbers 8, 9, 15, 10, 32, and 37), were included in the group of wells
with negative relative importance, and this wells were removed. The size of the standard error
increased by 14% after removing the unimportant wells, and there was no significant difference.
Therefore, based on the results of this study, less important wells can be removed from the
monitoring network. Also, 40 wells located in the Gahkom Saadatabad plain was classified into
5 clusters.

Conclusion and Suggestions

The main objective of this research was to optimize the groundwater monitoring network from a
guantitative and qualitative perspective using statistical and MCDM models. The results
revealed the high efficiency and accuracy of MCDM methods. Based on the results of the
location map of observed wells generated by the mentioned models, the study area was
classified into 5 groups from very low priority to very high priority. Therefore, watershed
managers can use the findings of this study to develop a monitoring network and issue new
permits to drill new wells in suitable and unsuitable locations. Also, considering the importance
of water monitoring in coastal areas, it is recommended to use the mentioned methods for other
plains of Hormozgan province. In order to compare different statistical, hydrological and data
mining methods such as machine learning models, it is suggested to use them simultaneously in
future studies. On the other hand, in future studies for construction of ground water monitoring
network, it is also recommended to use other effective criteria such as economic analysis criteria
and the cost of constructing the monitoring network, criteria of distance and proximity to the
sea, and criteria of distance and proximity to communication routes.
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