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Article Info ABSTRACT

Article type: Groundwater resources in Iran are of particular importance due to the lack of
Research Article surface water resources, lack of precipitation, high evaporation volume and recent
droughts. The first step in identifying and exploiting groundwater resources is its

Article history: quantitative and qualitative investigation. Neyriz watershed, located in the study
Received 31 March 2024 area of Qatroiye desert, has 17 piezometers, whose groundwater level has been
Received in revised form15  recorded monthly during the statistical period of more than 12 years.
June 2024 Investigations of the groundwater level and the map of the flow lines show the
Accepted 16 June 2024 anomaly of the flow in the south and southwest part of the aquifer, which shows
the direction of the groundwater flow contrary to the direction of the topography

Keywords: of the area. In this research, an attempt was made to investigate the cause of this
Anomaly of  groundwater  anomaly based on the available information, including piezometer drilling logs,
flow, Neyriz Rizab plain, 0 ifer” quality data, and national statistical data. Based on the qualitative

gﬁ:r?tlﬁative Iﬁﬁf’:}sﬁ g a;gl;'f&:% information of the aquifer, the electrical conductivity and chlorine values of the
groundwater qualitative groundwater increase in the direction of the topographic slope, which indicates

investigation of ground water ~ the flow in the direction of the topographic slope. Qualitative charts of Piper,
Schuler and Durov also confirm this issue. The level of groundwater in selected
exploitation wells for qualitative sampling based on the information of the depth
of groundwater in national statistics also indicates the flow in the direction of the
topographic slope. Finally, a clay layer with a thickness of 10 to 30 meters was
observed in the drilling log of the piezometers in the south and southwest of the
aquifer. Examining all the results shows that the existing aquifer is probably a
double-layered aquifer, where the flow direction in the upper layer is in the
direction of the topographic slope and in the lower layer is against it, and the
piezometers of the south and southwest parts penetrated the lower aquifer. In
order to confirm the desired hypothesis, it is suggested to carry out geophysical
studies in the area or to dig exploratory wells.

Introduction

Knowledge of the quantitative and qualitative
changes of the aquifer is one of the most
important factors in conducting groundwater
studies and managing these resources. The use of
all qualitative-quantitative parameters is a very
useful tool in water resources decision-making,
especially in critical times (Tahboub et al.,

2007). In addition, one of the most important
factors threatening the life of humans and other
creatures is the destruction of the quality or the
reduction of water in an area (Cordoba et al.,
2010). Quantitative spatial and temporal changes
in groundwater quality have been investigated in
many studies (Subramani et al., 2010). El-Rawy
et al., (2019) investigated the quality of
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groundwater in Ghana using hydrochemical
methods, statistical analysis and GIS software,
and their results showed that the water is not of
good quality for drinking and agriculture. Li et
al., (2022) investigated the hydrochemical
characteristics and quality of groundwater in the
Loess Plateau in China and showed that the
weathering of silicates and carbonates in the wet
season and the weathering of silicates and
dissolution of evaporites in the dry season have
the greatest contribution in groundwater
chemistry. Elgali et al., (2012) investigated the
spatial changes of quality parameters using the
IDW model in Libya. The results of their
research showed that some chemical parameters
are higher than the permissible limit of drinking
water. Naderian Far et al. (2012) showed that the
drop in the groundwater level of Jiroft plain is
one of the main factors of the decrease in the
quality of groundwater in the Neishabur plain.
Also, by comparing different geostatistical
methods, it was found that the Co-kriging
method is the most appropriate method of
interpolation in Jiroft Plain. Rezaei et al. (2009)
studied the spatial changes of some groundwater
quality indicators including EC, Na and SAR
using geostatistical methods, kriging and image
distance with three different powers in Gilan
province. Their results showed that the kriging
method with the spherical model and the inverse
power distance method have a higher accuracy
in  mediating the mentioned qualitative
parameters. Moustafa and Yomota (1998)
analyzed soil salinity and hydraulic conductivity
using geostatistical methods. By comparing the
measured values of these parameters and their
estimated values using the kriging method and
preparing maps of equal values of the mentioned
parameters, they came to the conclusion that the
kriging method provides more logical maps for
studies. It provides drainage projects.
Geostatistical tests have been widely used to
show changes in qualitative parameters,
including electrical conductivity, to assess
salinity hazards (Hosseini et al., 1999; Odeh et
al., 1998; Samraetal., 1998; Silaetal., 1995 and
Wong et al., 1999)

There are more than 12 years of monthly
groundwater statistics available in the study area
of Qatroiye Desert and Neyriz Rizab Plain, and
in all these statistics, the anomaly of
groundwater flow in the south and southwest
part of the aquifer is seen. In this research, an
attempt has been made to investigate the cause
of this anomaly and present a possible
hypothesis based on all the available
information, including piezometer drilling logs,
aquifer quality information, and national
statistical data. Obviously, in order to ensure the
proposed hypothesis, additional studies should
be carried out including drilling exploratory
wells or conducting geophysical studies in the
region.

Materials and Methods

Study area

The study area is one of the functions of Rizab
Dehistan in Qatrawieh district of Neyriz city in
Fars province, which is geographically at a
distance of 60 and 110 kilometers from the
center of the district (Qatrawieh) and the city
center, respectively and is located in the western
border of Rizab village (Qatrawieh study area).
The geographical location of the study area is50
48 54 to 23 55 east longitude and 12 40 28 to 36
50 28 north latitudes. Figure 1 shows the location
of the study area in satellite images along with
the aquifer in it. The aquifer in the studied area
is divided into two parts and its southeastern part
does not have a piezometer, so the investigations
in this research are related to the larger aquifer in
the north-eastern part. The small water basin
with an area of 216 square kilometers and a
circumference of 86 kilometers has a minimum
height of 1630 meters and a maximum height of
3067 meters from the open water level. In the
central part of the range, there is an artificial
recharge of groundwater, which is able to feed
the aquifer during the rainy season. Qatrawieh
desert is located in the northeastern part of the
study area or the northern part of the watershed.
Based on the digital elevation model (DEM) and
the drawing of the existing waterways, the slope
of the land surface in the studied area is towards
the Qatroiyeh desert (Figure 2).
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Geology of the studied area

The results of the geological studies of the region
indicate that most of the region is located in the
high Zagros zone (Aghanabati, 2013). The
landslide of Zagros is one of the important
structural phenomena that plays an essential role
in the history of the evolution of the region, and
it encloses the Niriz mountain along the
northwest-southeast direction of the southeast
ridge, and during the orogenic phases of the
former Cimmerian to Laramide and due to the
continent-continent collision. has been formed
(Aghanabati, 2013). Landslides that occurred
along this fault in the Zagros Thrust zone have
played a fundamental role in the rock structure
of the region and the formation of elistolitic
fragments, the most important and largest of
which are in the Niriz Mountains. In this area,
Mesozoic rocks are pushed to the southwest,
which are placed on the upper part of Mesozoic
and Cenozoic rocks with shale structures. The
Zagros landslide with a direct and northwest-
southeast extension indicates a very deep and
ancient fracture that marks the border of the
Arabian and Iranian platforms (Aghanabati,
2013). Because the alluvial region of Zagros
includes the highest part of Zagros mountains, it
is also called high Zagros. The presence of
ultrabasic rocks and ophiolites along with
radiolarites, which are widespread in these areas,
is one of the characteristics of the Zagros
subduction zone and distinguishes it from the
folded Zagros zone (Aghanabati, 2013). Also,
the eastern parts of the range are considered part
of the Sanandaj-Sirjan zone and have been
severely affected by tectonic movements.
Paleozoic metamorphic rocks have been pushed
over Jurassic formations as a result of numerous
landslides in some areas, especially in the north
of the plain. The evolution of the Sanandaj-
Sirjan structural zone is related to the end of the
Precambrian and the beginning of the Cambrian
to the Upper Silurian. Figure 2 shows the
geological map of the studied area along with the
location of the aquifer and piezometers in it. As
can be seen in the figure, the southwestern and

western part of the aquifer is separated from the
nearby mountains by a fault.

Results and Discussion

In this research, by examining the equipotential
lines and the direction of the groundwater flow,
the iso-depth map and the iso-drawdown of the
groundwater in the region, a flow anomaly was
observed in the southwestern part of the aquifer,
which contrary to the expectation, the direction
of the groundwater flow from the desert to the
mountains and It is opposite to the direction of
the topographic slope. Also, based on the
investigations, none of the piezometers in the
studied area have come into contact with the
bedrock, and no geophysical study has been
done in the studied area so far (Fars Regional
Water Organization, 2019). Therefore, only on
the basis of the available information (national
statistical data and piezometer logs and chemical
analysis results), additional investigations have
been done to determine the cause of the flow
anomaly. Obviously, as additional studies are
carried out in this area and more and more
accurate information is obtained, more
documented and accurate analyzes will be
possible.

The first and most reliable information available
in the region is the piezometer log. Based on the
examination of the piezometric borehole logs in
the region, it was found that there are clay
interlayers in 5 piezometers, and these clay
interlayers can act as a physical barrier between
two aquifers. These piezometers include
piezometer P10 (clay layer at a depth of 90 to
120 meters), piezometer P11 (clay layer at a
depth of 117 to 138 meters), piezometer P14
(clay layer at a depth of 108 meters), piezometer
P8 (clay layer at a depth of 81 to 95 meters) and
piezometer P9 (clay layer at a depth of 22 to 47
meters). Figure 10 shows an enlargement of the
south-western part of the aquifer, showing the
depth of the clay layer in the piezometers
together with the depth of the piezometer (right
figure) and the level of the upper edge of the
piezometer (left figure), based on their drill log
information. The map on the right side of Figure
10 shows the depths of other piezometers in the
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area that did not come into contact with the clay
layer (the black dots in the map indicate the
piezometers where the clay layer was not visible
in the drill logs). Considering that the depths of
piezometers P8, P9, P10, P11, P14 are all greater
than the depth of the clay layer (more than 90
meters) and other piezometers are less than this
value (less than 90 meters), it can be concluded
from this information that the alluvial aquifer in
the area is probably a two-layer aquifer separated
by a clay layer with a thickness of 10 to 30
meters.. Considering the depth of the clay layer,
which in most places is more than 90 meters, the
existence of a confined aquifer under this layer
and the regional flow of groundwater, there is a
possibility of deep groundwater flow. The results
of the qualitative studies of the aquifer presented
in the previous section also indicate a flow in the
direction of the topographic slope from the
mountains to the desert (the first aquifer, the
upper part of the clay layer). The geological
complexity of this area, together with the
presence of a fault to the left of the aquifer, can
also confirm the anomaly of the flow in this area.
Considering this hypothesis, piezometers P8, P9,
P10, P11, P14 are included as piezometers dug
in aquifer number 2 (aquifer below the clay layer
with an approximate depth of more than 90
meters) and their water level is considered as the
water level of the aquifer. The second and other
piezometers are considered as piezometers dug
in aquifer number 1. Based on this, Figure 11 is
drawn, in which the groundwater level of these
two hypothetical alluvial aquifers is drawn
separately. As can be seen from the map on the
right side of Figure 11, the direction of
groundwater flow in piezometers P8, P9, P10,
P11, P14 is coordinated and from the desert side
towards the mountains. If piezometers P8, P9,
P10, P11, P14 are excluded from all the
piezometers in the region and their groundwater
level is drawn in the map on the left side of
Figure 11, the direction of groundwater flow in
aquifer No. 1 (above the clay layer) is generally
from the mountain side to the desert side. For
further investigation in the southern and south-
western parts of the aquifer and to investigate the

flow anomaly, the latest national statistical data
was used. Figure 12 shows the map of the
location and depth of the extraction wells in the
south-western part of the aquifer on the left, and
the map of the groundwater level at the time of
the survey on the right. As can be seen in this
figure, most of the extraction wells in the
southern and south-western parts of the aquifer
are deep. According to the map on the right side
of Figure 12, no particular trend can be observed
in the groundwater level of these wells, in fact,
this level may indicate the dynamic level of the
groundwater, which may be caused by
inaccuracy in measuring the groundwater depth
by the operator, failure to observe the time
interval required to reach the static level after the
well is shut down, the nearby and neighboring
wells being on at the time of measurement, the
error of using the Digital Elevation Model
(DEM) file for levelling the groundwater depth
instead of accurate levelling with the map.
Vector and time difference of measurements etc.
As mentioned above, based on the electrical
conductivity, chlorine and qualitative analyses
conducted in the region, the direction of
groundwater flow is along the topographic slope
and from the mountains to the desert.
Considering the fact that qualitative analyses are
carried out in the exploitation wells and also the
groundwater level in all the exploitation wells in
the southern and south-western part of the
aquifer, based on the information of the depth of
the groundwater in the last survey has an
anomaly and shows a certain trend. Therefore,
the groundwater level of the qualitatively
selected wells (Figure 10) is selected in Figure
12 and drawn separately (Figure 13).As can be
seen in this figure, the direction of the
groundwater flow in these wells has the same
trend as the topography of the region and is from
the mountains to the desert. In addition, the
presence of underground water inflow in the
southern part of the aquifer is clearly visible
Conclusions

The study area is one of the functions of Rizab
Dehistan, Qatrawieh District, Neyriz County,
Fars Province, and is located in the geographical
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position of 50 48 54 to 23 3 55 east longitude and
12 40 28 to 36 50 28 north latitude. Qatroiye
desert is located in the northeastern part of the
study area or the northern part of the watershed.
Based on the digital elevation model (DEM) and
the drawing of the existing waterways, the slope
of the land surface in the study area is towards
the Qatroiyeh desert. From a geological and
tectonic point of view, most of the region is
located in the high Zagros zone, which in the
western part of the aquifer is separated from the
highlands by a fault. The groundwater flow lines
in the southern and south-western parts of the
aquifer are anomalous and, contrary to the
direction of the topography of the land surface,
they run from the desert side to the mountain
side. On this basis, further research was carried
out in the region, including the study of the
existing piezometer drilling logs, the study of the
statistical data of the exploitation wells in the
region, the drawing of the equivalence lines of
the aquifer's electrical conductivity, the
equivalence lines of the aquifer's chlorine, the
drawing of the Piper, Schuler, Durov quality
diagrams, and so on. According to the map of
electrical conductivity lines, the electrical
conductivity of the aquifer generally increases
from the mountains to the desert and in the
direction of the topographic slope. In the
southwestern part of the aquifer and due to the
lack of proper distribution of qualitative
sampling points, and also in the northeastern part
due to the striped nature of the aquifer and the
lack of multiple sampling points along the water
flow path, this trend is not well observed. The
chlorine equivalency line map shows an increase
in the amount of chlorine in the groundwater
from the mountainside to the desert and in the
direction of the topographic slope. In addition,
the lines of electrical co-conductivity and co-
chlorine indicate the three main entrances of
groundwater in the southern, central and
northeastern parts of the aquifer, which are close
to each other in the diagrams of Piper, Schuler
and Dorov. Examination of the borehole logs of
piezometers in the region has shown that in
piezometers P8, P9, P10, P11, P14 there is a clay

layer at an approximate depth, mostly more than
90 meters, with a thickness of about 10 to 30
meters, which can be used as a layer separator.
From the underlying alluvium. Therefore, based
on the available information, it was assumed that
there was a two-layered alluvial aquifer in the
area, with some piezometers drilled in the first
layer and others in the second layer (piezometers
P8, P9, P10, P11, P14). Drawing the map of
equipotential lines of these piezometers
separately shows a surface flow from the
mountains to the desert and a deep flow from the
desert to the mountains at a depth of more than
90 meters. The analysis of national statistical
data showed that all the wells in the
southwestern and southern parts of the aquifer
are deep, but the groundwater level in these wells
fluctuates greatly and cannot be interpreted.
Therefore, the groundwater level in the wells
selected for qualitative sampling, which show
the increase in electrical conductivity along the
flow path from the mountains to the desert, were
selected and, based on the water level of the
national statistics in them, the current lines were
drawn showing the flow in the direction of the
topographic slope and from the mountains to the
desert. Therefore, based on all the investigations
and based on the available information, the
existing aquifer is probably in a two-layer range,
in the upper layer, the direction of the
underground water flow is aligned with the
topographic slope and from the mountains to the
desert. In the second aquifer, which is separated
from the first aquifer by a layer of clay, the
direction of the underground water flow is
opposite to the direction of the topographic
slope, and we see a deep flow from the desert
towards the mountains and the faults on the edge
of the aquifer and the mountains. It should be
noted that the piezometers in the southern and
south-western parts of the aquifer were drilled in
the second aquifer and show its flow direction.
In order to further interpret and confirm the
hypothesis that the aquifer has two layers, it is
necessary to use more accurate information
about the region, which includes conducting
geophysical studies and drilling piezometric
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wells in the southern and south-western parts of
the aquifer, with accurate logging of the drilling
logs and fluctuations in the groundwater level.
This is done during drilling. A sharp drop or
sudden rise in the groundwater level (generally a

sudden fluctuation) during drilling in the watery
part of the aquifer indicates that another aquifer
with different hydrodynamic characteristics has
been entered.
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Table 1- The name, height of the mark point and depth of the piezometers in the area along with the water depth in
them in 2019-2020 and their long-term averages

£ Water table depth (m)
5| = £ E £
g | o £ ? = 3] s
- [=2]
Els5|s| 8|2 |%|2|8|58 |8 |8 |8 |8 |s|8|¢g|&|5&|E%
S z o i > O & & = - > = -~ S & - 2
- gl g |8 |2 |8 | &2 | 2|2 |F |3 |3 |2 |8&8|5|5]|¢s
| e 5| £ | ¢
= | E s = <
1| e | % | 743 | 7126 | 7091 | 70.32 | 70.01 | 69.49 | 69.66 | 70.11 | 70.44 | 70.68 71 7097 | 7106 | 71.26 | 48.08 | 632
2 | e | %5 | 606 | 5334 | 53.18 | 5292 | 5272 | 5279 | 5324 | 5331 | 53.38 | 5346 | 534 | 5329 | 533 | 5346 | 31.96 | 45.87
3 | e | % | 606 44 4322 | 4352 | 4176 | 42.03 | 4231 | 4212 | 4202 | 4258 | 432 | 4359 | 4378 | 441 | 24.01 | 3569
4 | s | 55 | 606 | 289 | 2892 | 2001 | 29.07 | 29.06 | 29.08 | 29.11 | 29.15 | 29.21 | 29.26 | 29.35 | 2943 | 29.43 | 1865 | 24.34
5 | ps | 5 | 606 | 2643 | 2644 | 2634 | 2624 | 2617 | 2633 | 26.36 | 2642 | 2643 | 24.47 | 2674 | 2659 | 2674 | 1508 | 21.38
6 | e | % | 606 | 2074 | 2052 | 19.97 | 19.82 20 2009 | 20.35 | 2047 | 2059 | 2073 | 208 | 20.82 | 2162 | 166 | 19.24
7 | e | %5 | 606 | 2387 | 2391 | 2384 | 2369 | 2354 | 2363 | 2381 | 2394 | 2402 | 2415 | 2423 | 2427 | 2427 | 1756 | 21.59
1608 100.9 | 1009 | 101.0 | 101.1 | 1011 | 101.2 | 1013 101.6 1016 | 1017
8 | s % | 1219 7 s 1 4 1’ 4 1 1014 5 101.8 i 1 101.8 | 9327 | 97.15
9 | e | % | 9125 | 819 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8.9 | 8258 | 71.86 | 79.76
pt | 15 | 1648 | 147.0 146.7 146.2 | 1460 | 1459 | 146.1 1464 | 1465 | 147.0 141.6
0 | % 2 f 8 147 1 146.2 p 1 s p 146.3 | 146.7 3 5 5 113.2 3
1 | e | e | gsg | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1527 | 1182 | 1401
1 8 6 6 6 6 6 6 6 6 6 6 6 6 6 7 2
2 | | e 73 7101 | 7101 | 7101 | 7101 | 7101 | 71.01 | 7101 | 7101 | 71.01 | 7101 | 7101 | 71.01 | 7115 | 43.95 | 50.75
13| 7| e 70 39.39 | 39.28 | 39.15 | 3886 | 3899 | 39.21 | 39.3 394 | 3948 | 3951 | 39.61 | 3955 | 4215 | 2396 | 37.53
14 | FH| e 115 | 87.62 | 87.65 | 87.68 | 87.59 | 87.74 | 87.82 | 87.87 | 87.95 | 87.98 88 87.71 | 87.97 88 76 86.1
15 | %] e 73 3595 | 35.97 36 36.05 | 36.07 | 3613 | 36.19 | 3622 | 36.27 | 3634 | 363 | 36.37 | 3637 | 20.26 | 33.03
6 | 7| %R 87 6242 | 6144 | 60.66 | 60.63 | 60.84 | 61.49 | 6196 | 62.36 | 62.68 | 62.87 | 62.87 | 62.89 | 62.89 | 48.13 | 56.67
17 | 7| 75 4422 | 4417 | 4391 | 43.83 | 4382 | 4393 | 44.05 | 44.18 | 44.29 | 44.39 | 44.38 | 44.49 | 4449 | 3513 | 405
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Table 2- The qualitative analysis results of groundwater in selected wells in January 2020 (Concentrations in mg/L
and EC in microms/cm

[}
— Q.
@ w o z
§ 5 X Y S & g| ~| 8 3 = 8 2| % 5

3
1 ww1 277707 | 3219811 6.25 4.75 14.43 0.12 3.6 9.46 11.75 1575 2423 7.58 Na-Cl
2 WW2 278783 | 3218575 12 18.25 71.95 0.52 | 5.25 | 12.37 81.25 6331 9740 7.25 | Na-Cl
3 WW3 281288 | 3215360 | 42.5 35 98.65 1.2 3.65 | 23.76 | 148.75 | 10497 | 16149 7.3 Na-Cl
4 ww4 282861 | 3213345 35 26.75 79.65 1.1 2.7 17.55 120 8529 13121 7.5 Na-Cl
5 WW5 286247 | 3211041 31 235 70.68 0.98 2.6 22.02 102.5 8200 12616 7.5 Na-Cl
6 WW6 290817 | 3206546 52.5 37 84.01 1.1 3.4 39.32 132.5 10497 | 16149 | 7.09 | Na-Cl
7 wWw7 294278 | 3204166 13 9 53.1 0.45 2.8 14.81 57 4527 6964 7.66 | Na-Cl
8 WW38 296265 | 3203325 15 25 34.13 0.48 3.1 15.12 55 4527 6964 7.54 | Mg-Cl
9 WWwW9 297790 | 3200835 3.45 2.35 4.04 0.04 3 3.37 3.6 630 969 8.15 | Mg-Cl
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number
Name
>
<
Ca
Mg
Na
K
HCo3
So4
cl
TDS
EC
pH
water type

10 | WWI10 | 300098 | 3202176 | 51.25 | 40.25 | 88.49 1.2 23 | 32.12 145 10497 | 16149 | 7.47 | Na-Cl
11 | WW11 | 300932 | 3197820 57 51.5 97.11 1.5 2.5 53.4 157.5 | 12137 | 18672 | 7.46 | Mg-Cl
12 | WWI12 | 304776 | 3193525 40 30 65.2 0.98 | 3.3 | 40.54 | 91.38 8200 | 12616 | 7.07 | Na-Cl
13 | WW13 | 305098 | 3192337 7 8.5 38.51 | 0.31 3 11.22 39.5 3346 5148 | 7.72 | Na-Cl
14 | WW14 | 305797 | 3191625 | 10.25 | 9.25 45.69 | 0.36 | 3.15 | 13.01 48 4035 6208 7.5 Na-Cl
15 | WWI15 | 306857 | 3189659 | 42.5 | 35.75 | 65.87 1.1 3.3 23 117.5 8857 | 13626 | 7.05 | Mg-Cl

16 | WWI16 | 307886 | 3191340 63 52 11855 | 1.7 25 | 67.13 | 162.5 | 13121 | 20186 | 7.39 | Na-Cl
17 | WW17 | 310146 | 3185099 11 13 61.07 | 048 | 2.8 | 11.39 70.5 5445 8377 | 7.54 | Na-Cl
18 | WwWi18 | 311617 | 3185230 1.7 1.35 4.76 0.04 | 3.2 2.62 2 492 757 7.9 Na-Cl
19 | WWI19 | 314130 | 3195256 | 12.5 12.6 60.24 | 0.45 3 21.41 | 61.75 5413 8327 | 7.58 | Na-Cl
20 | WW20 | 314289 | 3183271 7 5 23.25 | 0.16 | 3.2 | 11.19 20.5 2165 3331 | 7.72 | Na-Cl
21 | WW21 | 317509 | 3195794 45 36 76.7 1.1 3.5 | 19.11 | 1375 9185 | 14130 | 7.03 | Na-Cl

22 | WW22 | 319042 | 3194150 | 52.5 43 99.7 1.6 2.5 | 10.35 | 183.75 | 11153 | 17158 | 7.46 | Na-Cl
23 | WW23 | 321621 | 3193045 | 10.25 | 12.75 41.8 0.45 | 3.2 21.1 40.5 4068 6258 | 7.63 | Na-Cl
24 | WW24 | 323199 | 3195261 47 38.25 | 83.05 1.2 34 | 16.22 | 1475 9841 | 15140 | 7.04 | Na-Cl
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Fig. 3. The depth (left figure) and the height of the mark point (right figure) of the piezometers in the aquifer area
in meters
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Fig. 10. The level of the upper edge of the clay layer (left figure) and the depth of the upper edge of the clay layer
along with the depth of the piezometer (right figure) in meter in the southwest piezometers of the aquifer
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Fig. 12. The location and depth of exploitation wells in the southwestern part of the aquifer (left figure) and the

groundwater level of the exploitation wells with a depth of more than 90 meters in the southwestern part of the
aquifer (right figure) Based on the latest census data, values are in meters
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Fig. 13. The position and level of groundwater of the wells selected for full qualitative analysis (available in Figure

10) in the south and southwest part of the aquifer (left figure) based on the water depth of the national survey and
its contoures (right figure) ), numbers in meters


http://dx.doi.org/10.22034/JEG.2024.18.1.1019713
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.1.7
https://system.khu.ac.ir/jeg/article-1-3115-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1403.18.1.1.7 ]

[ DOI: 10.22034/JEG.2024.18.1.1019713 ]

Yy

Oen g (2050 o)l | s edgamme 43 e o Bl Jlegl olulis

2 99790 S legi 5 la> Syl o) p S 0 )8
P8, P9, P10, P11, slejiegim ,o a5 ol lis dilaie
PR jlu@ﬁm‘sﬁjﬁé&s)ow)qygiipl4
4 Qlgi oo a5 010 0g2g o Ve B Ve sgu> Culbs L
w3l o ey <épl 5l pl Y sl (g
b axd 5 a3 )0 rie gz ge Sledbl ull p cnlpls
A Old sgzg adlaie ;o aYg 6‘;3]11 Slgzul a8
pes aY 0 Ko (Fpos ol Jol aY jo bayiegiy
wloas yi> (P8, P9, P10, P11, P14 la ieysn)
Oyge d ylegrn (pl Jewilyen bshs aidi g s
S 4y GlwasS 5l e b > S oaies LS e
Gog 53 LS Caow 4y 255 5l Brae (b2 o 255
on Sdlge ey e gye U+ dga> 5l i
Ay Lol aidb oo Bree Glosul (g g (056 Lot isu
el J 5 451 2008 Sl il s (i O 18
S ose slealy ) s 2l alnle w2l oo
ODY QLAAJ 9 W) uL?u.:‘ (5“5 6)10):4.:9.0.) Lg‘)" 45
s 3l ol e Jsb o oSSl Eulan gl
‘_g)‘éﬁ)LoT s_j)‘).; L)‘"L‘*")i’ﬁ AW s.:l?r.».:‘ ‘Mlasn).sﬁx
olis a5 WS aew s by bshs el o gyl
@ GliwasS g (S See cud S 0 by et
bl g oad bl (gla s adST ull  nlplo
SV 58 0390me 13 35350 13T YLt g2 ge Sl
b ganed iy @ Gl Suz YL Y jo a5 ooy
3 bl 255 Ceaws 4 GliwnsS g (ST e e o
03,5 oz sl plszel 5l (o Y S b S poo s
el S D wein; ol ol el
Cooms 41 165 5l Bane by G all g 00y (S5 0065
-5 Qs 5 Slsmul ad 50 95750 SleduS 5 liwrsS
5 Py G Gy a5 Cwl S5 4 oY el

Cuz 5 0ad 5yl e lsul o sl 8 s

ag,ad iso Olp, leees &lyi 5l anlllas 8,90 ailaio
Soexdge ;3 g 03 il el o ol s
VW g Bys Jsb 00T Y VY b OF FAT 0T SLSl e
285 el oad &l Jlad o,e YA O+ YF L YA FL
Loy anlllas 590 o3g0ome Byt Jlod (A5u )3 ddg,has
so58) #)| Joo lsl o005 )18 plgel Jled iy
2 om0 s s gz g0 sloanl ] s i o (DEM)
).Iéj )‘ ML‘&S" 4..\33)]49 ).:55 Coww & axdlas O yg0 03950
055 5o Aihie shiel Coond W SSgSS g swlid e
lszel o (i 5o o5 Cusl 0y0,S @dly adi e o551,
el 03505 o lelas )| 51 1) clds s0gumme Ju8 S
G T 5 e G 50 s ol Ol bk
che S Sny Cezx B p g adlb Jlgl Gl
SlMbl (o) 2 w97 ge Sloyagin )l Sol (o
- bsls o wilaie (650050, lealy (551050
AS ke e bghs lsul (SO aSI coloa ke
“ 5 5090 9 oml (RS slayldsel e (Ol
WSS Clae Jlaiens bhs ask elul sk
Coms 4 HliandsS 51 S & 90 4y gzl S xS eolas
3 S on lay I (BT e 8 cnd Caz 50 9 psS
Blis el g5 pas o a5 Olszel (8 oot (i
Jodoar (Bph Jled (i5u 50 (ruioren 9 (A (5510 peiges
50 23ke (510 pigad BliS 092 poe 5 plezl 05 6 )ls0
03,5 a3 oaaline 9% 4 W, (b ool Qlyz e Jsbo
S ke Lialsil aals 55 IS ladeps byhs aidi o
o Sz 53 9 85 A GlensS S Sl (e
"2 5 S Colaaes Lol ol ertns (315 055
OB 50 Gy ol sdas (69,9 duw saias las IS
28 sl Glyl By Jled 5 S wogir

PSS 4 S ladises (nl 9)90 9 et b slajloges


http://dx.doi.org/10.22034/JEG.2024.18.1.1019713
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.1.7
https://system.khu.ac.ir/jeg/article-1-3115-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1403.18.1.1.7 ]

[ DOI: 10.22034/JEG.2024.18.1.1019713 ]

\ b)l.o.oj: AA 0,99 5@4\.\.‘.9(0 Lf“wa O

Yy

IR
29l (i S50 (5 5l allie (pl B s
~ )0 plo g Geiod bl ags Caz 0,8 ol
A58 GLBT Ol ohg Gaiow (ol sl 5o plial glo
Sl 1y (Gleyas s Sas JlS (608 1S5S 5 (S
P ez ool b Ol (el <505 51 aisen
S Ghgh ol adsl oMbl ool 1E LS

r"-’)‘)i“’l*“’

References

Aghanabati, A. (2004). Iran Geology. Organization of
Geology and Mineral Explorations of Iran. P583.

Cordoba, E., Martinez, A., Ferrer E. (2010). Water
quality indicators: comparison of a probabilistic
index and a general quality index, The case of the
confederacion hidrografica del jucar (spain).
Ecological Indicators 10 1049-1054.

Cordoba, E. B., Martinez, A. C., & Ferrer, E. V.
(2010). Water quality indicators: Comparison of a
probabilistic index and a general quality index.
The case of the Confederacion Hidrografica del
Jucar (Spain). Ecological Indicators, 10(5), 1049-
1054.

Elgali, J. A. J., Ekhwan, M., & Hashim, N. (2012).
The spatial distribution of groundwater quality in
the region of Derna, Libya. African Journal of
Agricultural Research, 8(16), 1482-1491.

Hosseini, E. Gallichand, J. Marcotte, D. (1994).
Theoretical and experimental performance of
spatial interpolation methods for soil salinity
analysis. Transactions of the ASAE, 37: 1799-
1807.

Isaaks, E.H. and Srivastava, R.M. (1989). An
Introduction to Applied Geostatistics. Oxford
University Press. New York. P.561.

Olaabl 5 o ol S im0 0L, O] bz
Sledlbl 5l soliiwl 4 5L lgsul og GlauYgs aus s ;)
Sssesi Slalllne alol Juli 45 w3l e dilate 3o
Olsul @ o5tz g otz iy )0 (5 olx i
einy 2l e Slilegi 5 g li> Sl 5Bs clap L
315 SSU Gl b asas il ol oo gla> Job o
@ la> e 50 (GLSU Glagh IS ©j9m) (e 5

Slaal SO w8959 saims jLis lgsul el esgases 4o

Db oo Dglite (Sealndgyane sla S5y b 5o

Moustafa, M.M. and Yomota, A. (1998). Spatial
modeling of soil properties for subsurface
drainage projects.journal of Irrigation and
Drainage Engineering, SASCE, 124(4): 218-228.

Naderianfar, M. Hero, b. Ansari, Salari, M. (2013).
Application of different geostatistical methods in
order to estimate the values of EC and SAR in
underground water with an emphasis on the
permeability changes of the basin. Ahvaz Journal
of Irrigation Science and Engineering, No. 3, p.
23. (In Persian)

Odeh, 1.LO.A. Todd, A.J. Triantafilis, J. McBratney,
A.B. (1998). Status and trends of soil salinity at
different scales: the case for the irrigated cotton
growing region of eastern Australia. Nutrient
Cycling in Groecosystems 50, 99-107.

Rezaei, M. Devatgar, N. Tajdari, Kh. Abolpour, b.
(2010). Investigating the spatial changes of some
groundwater quality indicators in Gilan province
using geostatistics. Water and Soil Journal, No.
29, pp. 412-493. (In Persian)

Samra, J.S. Singh, V.P. Sharma, K.M.S. (1988).
Analysis of spatial variability in sodic soils. 2:
Point and block-kriging. Soil Science 145, 250—
256.

Sylla, M. Stein, A. Van Breemen, N. Fresco, L.O.
(1995). Spatial variability of soil salinity at


http://dx.doi.org/10.22034/JEG.2024.18.1.1019713
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.1.7
https://system.khu.ac.ir/jeg/article-1-3115-fa.html

[ Downloaded from system.khu.ac.ir on 2025-12-07 ]

[ DOR: 20.1001.1.22286837.1403.18.1.1.7 ]

[ DOI: 10.22034/JEG.2024.18.1.1019713 ]

V¥ Oen g (2050 o)l | s edgamme 43 e o Bl Jlegl olulis

different scales in the Mangrove rice agro-
ecosystem. West Africa Agriculture, Ecosystems
and Environment 54, 1-15.

Tahboub, A. Abbassi, B. Taany, R. Saffarini, G.
(2007). Spatial variability of topsoil salinity in the
lower reaches of Zerka River, central Jordan
Valley.

Wang, J.H. Wu, Y.W. and Fu, Q.L. (1999). Study on
spatial variability in conductivity of the coastal
saline soils. Journal of Zhejiang Agricultural
University. 25(2): 139-142.


http://dx.doi.org/10.22034/JEG.2024.18.1.1019713
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.1.7
https://system.khu.ac.ir/jeg/article-1-3115-fa.html
http://www.tcpdf.org

