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Extended abstract

Introduction

The decline in groundwater levels in most plains of Iran has been attributed
to various factors, including excessive development of agriculture,
prolonged droughts, overexploitation of wells, and drilling of unauthorized
wells. This trend, due to the increase in population and recent droughts, has
escalated. The Urmia Lake catchment area, especially the Ajabshir study
area, has not been exempted from this problem (Asghari Moghaddam, 2016;
Hassani and Dinpajooh, 2017; Motallebian et al., 2020). Exploiting more
than the aquifer capacity in this part of the country has also increased the
prohibited study areas. This has caused problems in the water supply for
drinking, agriculture, and industry purposes. The deepening of water wells is
proposed as a solution to meet water demands; however, this must be
approached cautiously to ensure sustainable water supply from the aquifer
over time. In general, the amount of displacement and the deepening of
groundwater wells are problems that must be studied from different aspects.
Also, their impact on sustainable development should be investigated.
Determining the optimal and maximum depth of groundwater well
deepening has been investigated in several studies using various methods
(Mojarrad and Saboohi, 2010; Mosavi and Gholami, 2012; Rezaei et al.,
2019; Noori et al., 2021; Zeraati et al., 2022). This study specifically aims to
identify the maximum allowable depth (or minimum level) for water wells
in the Ajabshir Plain.
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Material and method

The Ajabshir study area is located in the Urmia Lake watershed, positioned 90 km to
the southwest of Tabriz City. In this study, an extensive investigation was conducted
on data and reports of meteorology, geology, hydrology, hydrogeology, and
guantitative and qualitative simulation of groundwater by mathematical models in the
area. The monthly data on required water for different uses was collected from the
East Azerbaijan Province water and wastewater company. Using the available data
and the established guidelines relating to criteria for determining the maximum depth
in groundwater well deepening, the initial step involved calculating the population of
urban and rural areas within the study area in the future (horizon of 2041) based on
population growth rate and the data of the national census of population and housing.
Subsequently, the per capita consumption was computed for different years (until the
year 2041) based on the population, enabling an estimation of the required water
volume. Taking into account the bedrock topography, the groundwater level, aquifer
boundaries, and specific yield, the total volume of extractable water was determined.
Finally, according to the hydraulic characteristics of the aquifer and the volume of
required water in the defined timeframe, the maximum depth in well deepening has
been calculated. This investigation primarily emphasized the fluctuations in
groundwater levels as the key factor in determining the maximum depth in well
deepening, instead of focusing on relatively complex approaches such as numerical
modeling, linear programming, etc.

Result and Discussion

In the current investigation, population changes have been estimated based on the
average of calculated and predicted population growth rates. The population of the
study area is projected to reach approximately 47,000 people in 2041 (1420), with an
estimated annual water demand of 2.926 MCM. The studied area comprises an
unconfined alluvial aquifer, where the maximum thickness of alluvium found in the
central parts of the plain is about 60 to 70 m and the minimum thickness near Danalu
village is approximately 20 m. Data from a national survey conducted in 2015
revealed the presence of 1325 deep and semi-deep wells, 16 Qanats, and 67 springs
in this area. The total groundwater discharge from wells, with an average depth of
around 23 m, during the water year 2013-2014 amounted to 1.93 MCM. Analysis of
the groundwater hydrograph in the Ajabshir plain highlights the highest and lowest
levels of the groundwater table typically occurring in May and November,
respectively. A graphical representation in Figure 1 illustrates the cumulative average
of groundwater level changes in the Ajabshir aquifer from the beginning of the
establishment of the monitoring network until 2020.
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Fig 1. The condition of the Ajabshir aquifer from the beginning of the
establishment of the monitoring network until 2020 (1399).

The mean depth of groundwater in the Ajabshir aquifer is about 10 to 15 m. The



average specific storage coefficient of this aquifer has been estimated to be around
5% through the analysis of pumping tests. A correlation analysis was conducted by
plotting the depth of wells against their discharge, and subsequently, the coefficient
of determination (R2) was computed to assess the impact of well discharge on well
deepening in the region. The calculated R2 value (R2 = 0.31) for the Ajabshir plain
suggests the absence of a significant correlation between well depth and discharge,
indicating that the depth-discharge relationship does not act as a constraining factor
for well deepening. Determining the maximum allowable well deepening is crucial to
ensuring that an adequate amount of water for drinking, health, and industrial
purposes remains in the aquifer of the region for a certain period of time. To achieve
this objective, after calculating factors such as projected population, per capita water
consumption, and the characteristics of the aquifer, it is necessary to calculate the
volume of the required aquifer based on the specific yield. Table (1) illustrates
changes in the groundwater levels and the aquifer volumes in the study area, while
Table (2) presents the annual average of water demands for drinking and industrial
uses, the total of water demands for drinking and industrial uses and required aquifer
volume for horizons of 2031 and 2041.

Table 1. Changes in the groundwater level and the aquifer volume in
the study area.

Equivalent water volume

(MCM) Groundwater level (cm) Changes
-1.93 -67 Water Year 2015
-17.38 -599 Until horizon 2041
058 20 Annual average until

2041

Table 2. The annual average of water demands for drinking and
industrial use, the total of water demands for drinking and industrial
use, and the required water volume of the aquifer for the horizons of

2031 and 2041.

Ahead Horizon (MCM)
1410 (2031) 1420 (2041) Year
The annual average of water demands for drinking

10.1 10.5 - A
and industrial uses
1717 2835 The total of Wa_ter demands for drinking and
industrial uses
858.5 1417.5 Required aquifer volume

Finally, based on the required water volume from the aquifer and the definition of its
upper and lower boundaries, the minimum equipotential line for well deepening in
the Ajabshir study area is presented.

Conclusion

To determine the maximum well deepening, the first step entailed assessing the
projected population and the average annual water demand, which were calculated at
47,000 people and 2.93 MCM, respectively. Subsequent to an assessment of various
factors concerning the aquifer (including bedrock depth, the number of wells and
their depth, groundwater level, specific yield coefficient, etc.), and according to the
annual water demand, a forecast was made regarding the decline in groundwater
levels by 6 meters until the year 2041, alongside a projected water volume of 17.38
MCM. Based on the calculations, the volume of required water for drinking and
industrial uses by the year 2041 was determined to be 283.5 MCM, with the required
aquifer volume estimated at 1417.5 MCM. Finally, using ArcGIS and the upper and
lower boundaries of the aquifer, the minimum groundwater level contour (or
maximum depth in well deepening) was determined, ranging from 1250 m in the
western and southwestern parts to 1290 m in the eastern and northeastern parts of the
aquifer.
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Fig 2. The geological map of Ajabshir study area.
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Fig 3. a) Population and b) human sex ratio of residential areas located in the Ajabshir study area.
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Fig 5. Distribution of total per capita water consumption in Ajabshir for the years 2021, 2031 and 2041
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Table 1. Population growth in Ajabshir city for different years.

1420 1415 1410 1405 Jbs
2041 2036 2031 2026 Year
47247 45718 44239 42807 e
Population
xe pies 3l 0590 O bsgie jlde ¥ Jgur
Table 2. The average amount of water needed in Ajabshir city.
3 050 ol Lawgie
The mean of water demand Corex Ju
(S yi0) YL (S yio) ailole (xS o) s, population year
Annual (m®) Monthly (m°) Daily (m®)
2739260 228272 7609 44239 1410 (2031)
2925516 243793 8126 47247 1420 (2041)
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Fig 6. a) Spatial distribution of production wells and b) The amount of annual discharge of production
wells in the Ajabshir study area.
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Fig 7. The increasing trend of the number of drilled wells in different years.
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Fig 8. a) the depth of production wells and b) The discharge of production wells of the Ajabshir study
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Fig 9. Alluvial isopach map of Ajabshir study area.
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Fig 11. groundwater equipotential lines (groundwater level contours) of Ajabshir Plain, a) May 2014) and
b) November 2014).
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Fig 12. The scatter plot of well depth (Y-axis) vs. well discharge (X-axis).
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Fig 13. Temporal variation of the mean electrical conductivity values of groundwater in the Ajabshir
Plain (chemograph).
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Fig 14. Spatial variation of the electrical conductivity values of groundwater in the Ajabshir Plain, a) July
2014 and b) October 2014.
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Table 3. Changes in the groundwater level and the aquer volume in the study area.
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Table 4. The annual average of water demands for drinking and industrial use, the total of water demands
for drinking and industrial use and the required water volume of the aquifer for the horizons of 2031 and

2041.
2041 2031 Year
ok g o yb ks AVl hugie
10.5 10.1 The to_tal _of water demar)ds
for drinking and industrial
uses
Caio g b 5l ggemme
283.5 171.7 The to_tal _of water demar)ds
for drinking and industrial
uses
gzl 5L
1417.5 858.5 Oyl 5k 050 e

Required aquifer volume

Tk 0y90 0 SeSIl ulae ke e jsliied
oolawl |8 idw j0 ead &l Gepw,S ) alolee
Colas Jlade 93k dolee 28,5 a3 o L a5
@S ab 03) (ped pdcae oliul lp (oS
g V¥V Gl o SO aS colas jlade e

ol 00T () Jga 0 VY-

i yoe Job 1 (heejnj o s ¥l 24l iSlas
03game (e 2l slaolr dihe yee 0y b dacly
bl o8 acube a¥ls cdl hugie jo  Sllllas
Mo yos Jsb )0 (Suejn @l g AVl Sl 2STas

ool yia gl =YY+ ool

g S 5 Aolro Wl 1FYe 9 1FYe sl 33l jo SO sl Culon O i O Jgus
Table 5. EC Changes in horizons of 2031 and 2041 based on the regression equation.
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Fig 15. The scatter plot of well depth (X-axis) vs. EC variations (Y-axis).
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Fig 16. The minimum of equipotential line (groundwater level contour) for well deepening in the
Ajabshir study area.
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