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1-Introduction

The quality and quantity of groundwater have often been challenged due to population growth, urban
development, agricultural expansion, and economic growth in recent decades. The quantitative and
qualitative limitations of groundwater resources have led to competition for its use, resulting in the
vulnerability and instability of aquifers (Sarami et al., 2024). In this study, using quantitative groundwater
indicators and environmental indicators and integrating the results of the indicators with weighting
methods, the overall stability of the Varamin Plain aquifer has been calculated. The values of the indicators
have also been used to evaluate the restoration and balancing plan in the Varamin Plain aquifer. The
Varamin Plain aquifer is located in the southeast of Tehran Province, and the area of this plain is 971 square
kilometers. (Figure 1). The main river in this area is the Jajroud River, which originates from the northern
heights of the plain and flows southward.
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Fig. 1. Petrographic properties of the samples
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Overuse of groundwater resources, recent droughts, unauthorized well drilling, and sources of
groundwater pollution have caused the situation of the Varamin Plain aquifer to become critical. There is a
main free aquifer in the Varamin Plain, and the wells are located in this layer. The maximum thickness of
the aquifer in the north of the Varamin Plain is 300 meters, and the minimum thickness of the alluvium in
the southwest of the Varamin Plain is 150 meters. The Varamin Plain is recharged by rainfall, main
waterways, wastewater from the South Tehran Treatment Plant, and subsurface recharge. The depth of
groundwater in the main aquifer is between 30-170 meters below the ground surface, and the general
direction of groundwater flow in the region is from northwest to southeast (Nejatijahromi et al., 2018). In
the northern part of the Varamin Plain, the aquifer’s transport capacity is estimated to be more than 3,000
square meters per day.

2-Material and methods

Groundwater sustainability indices are defined as measurable variables that provide information about the
groundwater system in an understandable way. Accordingly, in this study, a framework for assessing
aquifer sustainability has been established by presenting groundwater quantitative sector indices and
environmental indices in the form of the DPSIR (Driving forces- Pressures- State- Impacts- Response)
model. The sustainability number calculated for each index determines the level of sustainability in the
Varamin study area in the context related to the index. Also, by combining the results of the indices using
weighting methods, the overall level of sustainability in the study area in question has been obtained. To
prepare the intrinsic vulnerability and risk maps, it was necessary to collect and prepare data, rate them,
weight them, and integrate them. The quantitative hydrogeological indices calculated to assess the
sustainability of the Varamin Plain aquifer are: per capita renewable groundwater resources index (I GWR),
water withdrawal to groundwater recharge ratio index (I Ab/R), extraction to exploitable groundwater
resources ratio index (I Ab/E), groundwater demand index to total surface and groundwater resources (I
GWS), groundwater storage change index in a study period (I (AH)i), groundwater storage change index
comparing short-term and long-term periods (I (AH)1, 2), water level trend index in aquifer observation
wells (I GMN), and monitoring network coverage rate index (I SV). The relationship and component of
each index, as well as the values related to each index and the DPSIR model framework of the indices, are
defined in Table 1. The mentioned indices have been calculated according to the available information and
data, using the relationship related to each index.

The environmental indicators that have been calculated to assess the sustainability of the Varamin Plain
aquifer are: Groundwater Resources Drought Index (GRI), Groundwater Vulnerability Index (Iv), Stress
Index (Is), Average Change Index of Agricultural Areas and Urban Population (I VAP), Percentage of
Basin Covered with Natural Vegetation (I AV), and Ratio of Non-Conventional Water Supply to
Conventional Water Supply (I NC). The relationship and component of each indicator, as well as the values
related to each indicator and the DPSIR model framework of the indicators, are also defined in Table 2.
The mentioned indicators have been calculated according to the available information and data, using the
relationship related to each indicator.

The DRASTIC method has been used to determine the vulnerability of the Varamin Plain aquifer. The
processing, integration, and analysis of the data required for the DRASTIC model, as well as the display of
the results, at different stages of the work, have been carried out in the GIS software environment.

To determine the weights of the parameters in the DRASTIC method, the Analytical Hierarchy Process
(AHP) has been used (Saaty, 1980). For this purpose, the seven parameters considered in the DRASTIC
model have been prioritized, the criteria have been compared pairwise with each other, and their importance
to each other has been determined. The input of the pairwise comparison matrix is the determined weights,
and its output is the relative weights related to the criteria.
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Table 1. Calculations of quantitative indicators and scores for each indicator

Quality Index Index Index Score
I GWR (Renewable groundwater resources Index) 97 0
I Ab/R (Total groundwater abstraction/ Groundwater recharge Index) 135.7 0
I Ab/E (Total groundwater abstraction/ Exploitable groundwater resources Index) 235.6 0
I GWS (Degree of groundwater participation in water supply for all uses index) 58 25
I (AH) i (Variation in groundwater storage index) 10.5 0
I (AH)1,2 (Variatiqn in the groundwater depletion in the period studied, relative to the 208 0
long-term average index)
I SV (vulnerability of the groundwater supply index) 34 25
I GMN (The coverage of groundwater monitoring network index) 200 100

Table 2. Calculations of environmental indicators and scores for each indicator

Environmental Index Index Index Score
GRI (groundwater resources Index) 0.02 50
Iv (Groundwater vulnerability index) 22 75
I s (Groundwater stress index) 2.7 0

I VAP (Averaged variation of basin agricultural area and urban population in
the period analyzed index)

I AV (Percent of basin area under natural vegetation index) 0 0
I NC (Non-conventional water resources supply, relative to the conventional
water resources in the period studied)

20.6 0

34 100

3-Results and discussions

According to vulnerability maps, the highest level of vulnerability, which is the critical level, is observed
in the center of the aquifer, i.e., the area around Varamin, Pishva, and East Pakdasht. The reason for the
high vulnerability of these areas is higher recharge, flatter topography, coarser grain of the aquifer
environment, unsaturated soil, and environment, and higher hydraulic conductivity than other areas. The
lowest level of vulnerability is observed around West Pakdasht, Qarchak, and Javad Abad. According to
the risk map, many parts of the center and west of the Varamin Plain aquifer are highly risky. This is while
the risk decreases towards the southern and western borders. So that the southwest of the area has the lowest
risk. However, from the center to the east of the area, the risk increases and then decreases. The highest risk
is observed in the central part of the aquifer area and between the cities of Varamin, Pishva, and Qarchak.
In the north of the aforementioned area, that is, in Pakdasht, the risk is highest. The reason for the high risk
in these areas is the use of residential and industrial lands. The risk decreases towards the southern tip of
the aquifer area (towards Javad Abad). Based on the results of calculating the groundwater withdrawal and
recharge index, considering the index value and the score related to this value, the Varamin Plain aquifer
is unstable, and the withdrawal rate from this aquifer is not consistent with the aquifer recharge rate. The
results of calculating the ratio of total withdrawal to total groundwater resources indicate that the Varamin
Plain aquifer is not sustainable, considering the index value and the score related to this value, and that
groundwater resources in this plain are being over-extracted, and if decisions are not taken to improve this
situation, the aquifer will face more serious problems. The results of calculating the change index in
groundwater storage in a comparison of two short-term and long-term periods indicate that the Varamin
Plain aquifer is not sustainable, considering the index value and the score related to this value, and the drop
in groundwater level due to excessive groundwater extraction could be the reason for this issue.

Based on the results of calculating groundwater vulnerability indices using the DRASTIC model, the
Varamin Plain aquifer is unstable, considering the index value and the score related to this value, because
the annual water consumption is not proportional to the amount of renewable groundwater, and
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groundwater resources are being overexploited. According to the results of calculating the average index
of changes in the level of agricultural areas and urban population, the Varamin Plain aquifer is unstable.
The level of agricultural areas and the population living in the study area are not proportional to the
groundwater resources available in the plain, and the overexploitation of the aquifer has made the Varamin
Plain aquifer unsustainable. Calculating the sustainability of the Varamin Plain aquifer by examining
quantitative and environmental indicators and integrating these indicators using the AHP method shows
that the study area is not sustainable and requires urgent management measures to protect groundwater
resources. If these measures and solutions are not implemented quickly and management plans and policies
are not adopted, irreparable damage will be inflicted on the studied aquifer.

4-Conclusion

The final vulnerability map, which was prepared by combining seven information layers in a GIS
environment, shows that, in general, the northeastern, central, and western regions of the region are highly
vulnerable. The potential for contamination is lower in the northwest, east, and south. The areas around
Varamin and Pishva are highly vulnerable. The reason for the high vulnerability of these areas is higher
nutrition, flatter topography, coarser particles in the aquifer environment, unsaturated soil, and
environment, and higher hydraulic conductivity than other areas. Also, the areas of Pakdasht, Javadabad,
and Qarchak have medium to low contamination potential. According to the vulnerability map, it can be
said that many parts of the western, central, and northeastern regions of the aquifer area are highly
vulnerable. This is while the risk decreases toward the eastern, northwest, and southern borders of the
region. The risk is also low in the southwestern part of the aquifer. The highest level of risk is in the central
part of the aquifer and between the cities of Varamin, Pishva, Qarchak, and Pakdasht. In the southeast of
the area, that is, in the south of Javadabad, the level of risk decreases. The reason for the high risk in these
areas is the use of residential and industrial lands. The level of risk decreases towards the eastern edge of
the aquifer. The Varamin Plain aquifer is in a non-sustainable state in terms of quantitative and
environmental indicators. The integration of quantitative and environmental sustainability indicators shows
that in the Varamin Plain aquifer, the sustainability of groundwater resources is low, and between zero and
25. The status of the Varamin Plain aquifer, according to the sustainable indicators, indicates the need for
urgent management measures to protect groundwater resources.
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‘ Steps in preparing the vulnerability map and groundwater risk map of the Varamin Plain ‘
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Table 1. Calculations of quantitative indicators and scores for each indicator

Quality Index Index Index Score
I GWR (Renewable groundwater resources Index) 97 0
I Ab/R (Total groundwater abstraction/ Groundwater recharge Index) 135.7 0
I Ab/E (Total groundwater abstraction/ Exploitable groundwater resources Index) 235.6 0
I GWS (Degree of groundwater participation in water supply for all uses index) 58 25
I (AH)i (Variation in groundwater storage index) 10.5 0
I (AH)1,2 (Variati(?n in the groundwater depletion in the period studied, relative to the 208 0
long-term average index)
I SV (vulnerability of the groundwater supply index) 34 25
I GMN (The coverage of groundwater monitoring network index) 200 100
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Table 2. Calculations of environmental indicators and scores for each indicator

Environmental Index

GRI (groundwater resources Index)
Iv (Groundwater vulnerability index)
I s (Groundwater stress index)

I VAP (Averaged variation of basin agricultural area and urban population in

the period analyzed index)

I AV (Percent of basin area under natural vegetation index)
I NC (Non-conventional water resources supply, relative to the conventional

water resources in the period studied index)

Index Index Score
0.02 50
22 75
2.7 0
20.6 0
0 0
34 100

ool yg cis Glgzul .0 DRASTIC Jow sl (sl oo soliiwl (slaosls ¥ Jgo
Table 3. Data used to run the DRASTIC model in the Varamin Plain aquifer

Parameter Data Sources Format
Depth to water table Piezometric data in 2018, well logs, hydrogeological reports  Point

Net Recharge Stroer(;igétzz)ig% ;\e/';lll;otranspiration, water table level, aquifer Point/Chart
Aquifer media felp grrt(;d;rféizfp:vell logs, hydrogeological and geological Point/Chart
Soil media Land Capability Map (1/250000) Vector
Topography Digital elevation model (1/25000) Point/Raster
Vadose zone production well logs, geological reports Point/Chart
Hydraulic Conductivity Pumping test data, estimation based on aquifer media Point
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Table 4. Weights of DRASTIC model parameters resulting from the AHP method

Parameter Weighting
D: Depth to water table 0.262
R: net Recharge 0.157
I: Impact of vadose zone media 0.093
C: hydraulic Conductivity of the aquifer 0.073
A: Aquifer media 0.047
S: Soil media 0.021
T: Topography 0.014
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Table 5. Valuing quantitative indicators relative to each other

IGWR TAB/E IABR I (dH)i IGWS I(dH)1 ISV IGMN

AHP
[GWR 1 0.313
TAB/E 3 1 0.213
TABR 3 2 1 0.185
T (@i 4 3 3 1 0.122
TGws 4 4 4 3 1 0.084
L@t 5 6 6 5 4 1 0.044
ISV 7 7 8 7 7 1 0.024
TGMN 9 8 9 9 8 6 4 1 0.015

o8 4 Commd (Fm ) o slagatld )05 55,1 7 Jgar
Table 6. Valuing quantitative indicators relative to each other
1V GRI | VAP 1S 1AV I NC AHP

v 1 0.426

GRI 3 1 0.296

| VAP 5 4 1 0.137

IS 5 6 3 1 0.077

I AV 7 8 5 3 0.042

INC 8 9 8 6 4 1 0.022
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Table 7. Score of all quantitative indicators and their average

Quantitative y oywop [ ApR TABE 1GWS
indicators
Score 0 0 0 25

[(AH)J T(AH)l ISV IGMN Mean nal
Score
0 0 25 100 18.7  0-25

o5 Sislsiieee sl ey 6l AHP 555 (n:She sl 5 (o5 loaslis aan jleul A Jsor
Table 8. Score of all quantitative indicators and AHP weighted average score for quantitative hydrogeological indicators

AHP

Quantitative g [AbE TAWR 1GWS I(AH)i I(AH)l ISV IGMN Weighted Ll
indicators e Score
Index 0.273 0.232 0.198 0.082 0.099 0.064 0.033 0.019 0.5 0-25
Score 0 0 0 25 0 0 25 100 '
by (Siln 5 (gumj baurme (slo el aon 5Liel 4 Jga
Table 9. Score of all environmental indicators and their average

Environmental | o |1y (15 |1VAP |IAV |INC |Mean |08l

indicators Score

Score 50 75 0 0 0 100 37.5 25-50

boasls l sl AHP (555 0eSilee jhital 5 (St Janzme slaasls ann sLiel Ve oo

Table 10. Score of all environmental indicators and AHP weighted average score for environmental indicators
Environmental RIS Final
indicators GRI Iv Is IVAP | TAV INC | Weighted Score

average
Index 0.284 | 0.375 | 0.097 | 0.167 | 0.049 | 0.027 75 0-25
Score 50 75 0 0 0 100 ' i
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Table 11. Scores of quantitative indicators and environmental indicators and the AHP weighted average score of these

indicators
AHP' Weighted Final weighted Final Score
new weight average average
Quantitative indicators 0.75 0.5 21 0-25
Environmental indicators 0.25 7.5 '
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