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1. Introduction

Groundwater is one of the main sources of fresh water,
especially in arid and semi-arid areas. In recent years, the
increase in population and water demands have led to
excessive withdrawal from the aquifer, which has seriously
threatened groundwater resources. Therefore, investigating
the potential of groundwater recharge and estimating the
amount of recharge is essential for the sustainable
management of groundwater and the preservation of human
health and the environment. The drawdown movement of
water recharging water table can be termed as groundwater
recharge, which ultimately increases the amount of
groundwater storage (Healy 2010). Many researches have
been conducted in Iran and other parts of the world to
investigate the potential and amount of groundwater
recharge of aquifers. Scanlon et al. (2002) have divided the
methods of estimating water recharge into three categories
of surface water area, unsaturated area and saturated area
based on hydrological zones. Each of these areas provides
the amount of recharge in time and space scale, and in each
area, the recharge estimation methods are divided into
physical methods, tracking and numerical modeling.
Estimation methods in surface water and unsaturated areas
generally provide an estimate of net recharge, while
saturated area methods evaluate the amount of actual
recharge. Many recharge estimation methods are based on
the water balance equation. Hung Vu and Merkel (2019)
investigated the groundwater recharge amount of Hanoi city
in Vietnam with different methods. The obtained results
showed that the water level fluctuation method is more
consistent and more reasonable than the other approaches. In
2022, Githinji et al. investigated the potential groundwater
recharge of two regions of Kenya by integrating factors that
influence  groundwater recharge using  Analytical
Hierarchical Process, and Fuzzy-Analytical Hierarchical
Process in ArcGIS. The factors investigated in this research

included land use, slope, drainage density, geomorphology,
geology, line density and soil texture. The obtained maps
showed that high groundwater recharge potential zones
occur within the generally flat flood plains consisting of
alluvium lithology. In contrast, low potential groundwater
recharge zones occur in the upland plains. Considering that
Garmsar plain is located in a hot and dry area and
groundwater is the main source of water supply for
agriculture, drinking and industry of the people of this
region, the study of groundwater supply of Garmsar plain is
of great importance as a sustainable management. Therefore,
the purpose of this research is to evaluate the recharge
potential as well as to estimate the amount of groundwater
recharge in the Garmsar Plain aquifer. For this purpose, in
this study, first, the recharge potential of the Garmsar Plain
aquifer was investigated based on six factors of slope, land
use, lithology, geomorphology, drainage density and line
density, and then, in order to validate and estimate the
amount of groundwater recharge, Piscopo method and the
method of groundwater level fluctuations is used, which is
based on the water balance equation.

2. Study Area

The aquifer of the Garmsar Plain is a part of the secondary
watershed of the Central Desert and the main watershed of
the Central Plateau. Garmsar study area is located in Semnan
province on the road from Tehran to Semnan. This area is
spread in the north of the main catchment area of the central
plateau, between longitudes 52°7 to 53°4 east and latitudes
34°52 to 35°46 north. The extent of this area is about 5532
square kilometers, and the extent of the plain and its heights
are equal to 2322 and 3210 square kilometers, respectively.
Geographically, this region is located in the southern part of
the Alborz Mountains and the northern part of the central
desert. This region has a dry climate, so that the minimum
and maximum average annual temperature is 4 and 20 °C,
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respectively, and the minimum and maximum average
temperature values for the highlands and the plain are 12.9
and 19.9 °C, respectively (the annual temperature of the
basin is 13.7 °C). According to the studies conducted during
the 45-year statistical period from 1345-46 to 1389-90, the
average annual rainfall in the highlands and plains is
estimated to be 200.9 and 81.4 mm, respectively. The
evaporation parameter has been analyzed and investigated in
the 30-year period of 1360-90. The annual evaporation from
the open water surface in the plain and the highlands of the
study area is 1970 and 1364.5 mm, respectively. The
temperature difference between summer and winter in this
area is large and this plain is poor in terms of vegetation.
From the geological point of view, the aquifer of the Garmsar
Plain study area is limited to the alluvial terraces from the
east and to the Kahrizak conglomerate and Upper Red
formation from the northeast. The north and northwest of this
plain is covered by the Lower Red formation with chalk, salt
and clay units, and the south, southwest and southeast edges
of the plain are covered by Quaternary deposits. The main
aquifer of the plain is formed in the Garmsar alluvial cone.
The Garmsar alluvial fan is the result of the accumulation of
sedimentary deposits of the Hableh River on the
impermeable bedrock of Marl and Shale. The Hableh River
is the main source of recharging the plain and the aquifer is
of unconfined type. The alluvial aquifer of Garmsar Plain has
an area of 785 square kilometers; the average thickness of
the alluvium and the saturated layer are about 140 meters and
35 meters, respectively.

3. Methodology

Groundwater recharge depends on many geological factors.
Due to the fact that the factors affecting groundwater
recharge are extensive and their field investigation requires
spending a lot of money and time, remote sensing and
geographic information system is considered a suitable tool
to investigate the potential of recharge. In this research, six
factors of slope, land use, geomorphology, lithology,
drainage density and line density have been used to
investigate the recharge potential. Each of these parameters
is scored according to table (1) and combined according to
equation (1) and finally the final map is obtained.

RP = (Sy X Sw) + (DrxDw) + (LUr x LUw) + (L XLw) +( LDr
X LDw) + (GM;xGMy) @

Where r is the rank assigned to each of the parameter

classes, which has values between 1 and 4, and w is the
weight of each parameter.
The method of water table fluctuations is based on the water
balance equation and by analyzing the fluctuations of the
groundwater level, it provides an estimate of the amount of
recharge. The water table fluctuation method is based on the
assumption that the increase of the groundwater level in
unconfined aquifers due to recharge has reached the water
table level. The data required in this method is the data of the
groundwater level and specific yield and is calculated with
the following relationship:

dh Ah

R—Sy E = Sy E (2)

Where R is the groundwater recharge [L/T], Ah is the
fluctuation of the groundwater level during the recharge
period [L], At is the length of the recharge period [T] and Sy
is the specific yield (without dimension). In the above
equation, it is assumed that the water that reaches the water
table immediately turns into groundwater storage.

Tablel. Ranks and weights assigned to each parameter

Class Rank
Low (0-50°) 3
Moderate (50-20°)
High (20°<)
Agricultural lands and
pastures
Gardens
Bare lands and human
facilities
Landforms with very
high permeability
(river bed and alluvial
plain)
Landforms with high
permeability (alluvial
fan)
Landforms with
medium permeability
(karst domains)
Landforms with low
permeability (irregular
slopes, erosive blades,
fault abysses)
Discrete formations 4
with high permeability
Hard formations with 1
moderate permeability
Formations with low
permeability
Low density (0-1.5 3
km/km?) 2
Medium density (1.5-3 1
km/km?)
High density (3-5.3
km/km?)
Low density (0-0.37 1
km/km?)
Medium density (0.37- 3
1.08 km/km?)
High density (1.08-
2.96km/km?)

Parameter Weight

slope 0.1

PN WEFEDN

Land use 0.15

PN WS

Geomorphology 0.25

N

Lithology 0.2

Drainage

Density 0.2

N

Linear Density 0.1

Another method used in this study to evaluate the amount of
recharge is the Piscopo method. This method is provided by
Piscopo and is calculated as follows:

Soil permeability + rainfall + slope percentage = recharge
amount (3)
In this method, the above factors are added together and
classified according to table (2).
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Table2. Classification of effective factors in recharge

Slope Rainfall Soil Recharge
permeability

Slo Ra | Rainfall Ra Ra | Ran | Ra

e%p nk mm) ( nk Range nk ge nk

<2 4 850< 4 High 5 11- 10

13

2-10 3 700-850 3 Moder | 4 | 9-11 8
ate to
high

10- 2 500-700 2 Moder 3 7-9 5

33 ate

33< 1 <500 1 Low 2 5-7 3
Very 1 3-5 1
Low

4. Result and Discussion

To prepare the final groundwater recharge potential map, the
rank of each parameter was multiplied by its weight and then
added together. The final map obtained shows that the top
part of the alluvial fan has the highest recharge potential due
to the high permeability and low water density. After that,
the highest amount of recharge due to high permeability,
agricultural activities and suitable slope is related to Garmsar
alluvial fan. The amount of recharge potential decreases in
the southern and western parts of the region due to the areas
with low permeability and barren lands (Figure 1).
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Figure 1. groundwater recharge potential map

Temporal variations of the groundwater level are among
the most important characteristics of the aquifer.
Groundwater level changes depend on recharge and
discharge amounts, distance from recharge areas and
pumping rate, and unit hydrograph is a suitable indicator for
long-term changes of groundwater level. To investigate the
unit hydrograph of Garmsar plain, the data of observation
wells in the water years 1372-73 to 1395-96 were used. The
results showed that the average long-term drawdown in
Garmsar plain aquifer is 0.93 meters per year.

In order to calculate the net recharge by the method of
water table fluctuations, the water level data of 40
observation wells during the water years of 1388-1389,
1389-1390 and 1390-1391 were analyzed. The information
of the observation wells was entered into the geographic
information system software and a Thiessen polygon was
drawn for each well. Then, the amount of water volume
decreased or increased in each piezometer was obtained from

the multiplying the specific yield with the area of the
polygon and the difference in the water level of the
piezometers according to equation (2). Since every year
some water from the aquifer is pumped out, the amount of
discharge was also included in the calculations. In order to
obtain the amount of pumping and discharge of the wells in
each polygon, it was calculated and added to equation (2) as
follows:
R=S, ‘;—? =S, AA—:+pump|ng 4
According to the calculations, the value of Ah of the aquifer
varies from -2 m to 0.8 m. Also, according to the information
obtained from the regional water organization, the average
specific yield is 0.05. By multiplying the changes in the
groundwater level in each observation well with the amount
of specific irrigation and then summing it with the discharge
amount, the recharge rate in each observation well is
obtained. After the recharge rate of each observation well
based on which the Thiessen polygon was drawn was
calculated, interpolation was done and the net recharge
zoning map was obtained (Figure 2). The amount of annual
recharge of the aquifer varies from 1.95 mm in the southern
parts to 478 mm in the northern parts by the method of water
table fluctuations.
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In the next step, the Piscopo method was used to prepare
a zoning map of the groundwater recharge in the Garmsar
plain aquifer. In this method, to calculate the slope, a digital
elevation model of the area was prepared and after extracting
the slope, it was ranked according to the criteria of table (2).
The slope of the area varies from 2 to 37%. The annual
rainfall of the plain was collected from the meteorological
system and the regional water organization of Semnan. The
amount of rainfall in the study area and Garmsar plain is less
than 500 mm; as a result, according to table (2), the entire
area of the aquifer has a rank of one. In order to obtain the
infiltration rate, the region's permeability information was
collected and divided into five categories according to table
(2). Finally, the maps related to the three factors of slope,
permeability and rainfall were combined. Figure (3) shows
that the amount of recharge decreases from the north to the
south of the region, and the highest amount of recharge is
related to the northern parts of the aquifer, which is located
at the top of the alluvial fan.
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According to the results of both methods of estimating the
amount of groundwater recharge, the highest amount of
recharge occurred in the place of the alluvial fan and the
groundwater inflow to the aquifer, where the materials are
coarser and have higher permeability. In addition, the areas
with high amounts of recharge are mostly located in
agricultural lands. In the final map of groundwater recharge
potential, the areas with the highest potential are in the
northern parts of the aquifer, which is consistent with the
recharge values estimated by both methods. Although the
results of the comparison of recharge values and recharge
potential are slightly different in some parts of the region.
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Figure 3. Groundwater recharge zoning map using Piscopo
method

5. Conclusion

Since the Garmsar aquifer is the main source of agriculture
in the region, the sustainable water management is essential.
For this reason, in this research, maps of recharge potential
were prepared at first. The obtained results showed that the
recharge potential depends a lot on the permeability and land
use, and the top part of the alluvial fan itself has a high
potential. After that, the amount of net recharge of the area
was evaluated by two methods of water table fluctuation and
Piscopo. The zoning map obtained from the water table
fluctuation method shows that the amount of recharge
decreases from the north to the south and east of the region,
and the initial parts of the Garmsar alluvial fan have the
highest amount of net recharge.

In the map obtained by the Piscopo method, the general
trend shows that the amount of groundwater recharge
decreases from the north to the south. It is noteworthy that
the trend obtained from the two methods is the same and they
differ from each other only in some points, and both of these
methods confirm the result obtained from the recharge
potential map. Therefore, the method used in this research
can be used to evaluate the potential and recharge values.
However, due to the lack of data, the results may be subject
to some uncertainty. Therefore, it is recommended to carry
out additional tests, especially in measuring of hydraulic
conductivity in the area.
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Evaluation of Potential and the Amounts of Groundwater Recharge in the Garmsar Plain Aquifer
Using Water Table Fluctuations and Piscopo Methods

Elham Fijani Sahar Meysami Morteza Mozafari

Abstract Groundwater resources are one of the main sources of freshwater supply, especially in arid and semi-arid
areas. Estimating the amount of recharge is one of the most important problems in the sustainable management of
groundwater resources and assessing the abstraction potential of the aquifer. In this research, first, the recharge potential
in the Garmsar plain aquifer was obtained using six factors including slope, land use, geomorphology, lithology, drainage
density, and line density, and then, to validate the resulting map, recharge was evaluated using the water table
fluctuations and Piscopo methods. The results from the recharge potential map showed that its amount decreases from
the alluvial fan in the north of the area to the margins. The amount of annual recharge of the aquifer varies from 1.95
mm in the south to 478 mm in the north of the area by the water level fluctuations method. The maps obtained from both
methods showed the same trend in the area; the north of the aquifer area, which is located at the top of the Garmsar
alluvial fan, has the highest amount of recharge, and the values decrease towards the south and the edge of the aquifer.
The results obtained from the evaluation of the groundwater recharge value confirmed the potential map well.

Key Words Groundwater recharge, water table fluctuations, Garmsar aquifer, recharge potential.
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