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Groundwater that forms part of the water cycle. Temporal and spatial
characterization of groundwater pollution is an important issue in the effective
remediation of groundwater aquifers and the assessment of health risks.
Uncertainty analysis is an integral step in the hydrological modeling process.
Quantitative evaluation of uncertainty in the outputs of the simulation model and
estimation of its parameters increase the confidence in the modeling results and
correct knowledge of the sources of uncertainty. Due to the increasing use of
groundwater models in the management and prediction of aquifer behavior, this
study seeks to analyze the uncertainty in quantitative modeling of alluvial
aquifers in Garmsar plain in Semnan province.Description of the contaminated
source includes identification of the location and source, injection rate and
release periods. It is recommended to study the construction of concrete road
tanks for mixing groundwater and drinking water in the area and diluting heavy
metals and reducing water hardness (TDS).Combining the use of MODFLOW
method in groundwater and artificial feeding of groundwater aquifers due to
flood spreading as well as mixing surface water from rain and snow collection
with groundwater in water reservoirs, the effects of heavy metals and toxins in
the drinking water of the region can be expected to be significantly reduced. .
The results showed that the feeding parameter has less detection capability in the
calibration process than other parameters (in other words, its posterior
distribution function has not changed much compared to the previous
distribution function) and has more uncertainty.
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Introduction

The growing population and expansion of
agricultural ~ and  industrial  activities,
combined with recent droughts, have placed
significant pressure on freshwater resources,
particularly in arid and semi-arid regions such
as Iran. Groundwater, as the primary source of
water in these areas, faces the risks of
overexploitation and contamination. Artificial
recharge, as an effective strategy, can mitigate
these challenges by directing surface water
into aquifers and enhancing water resources.
Optimal locations for implementing such
projects include coarse-textured soils, karst
regions, and the alluvial fans of seasonal
rivers.In Iran, artificial recharge projects
began in 1972 to maintain groundwater
balance. The first projects were implemented
in the Varamin Plain and Garmsar. In the
Chaharmahal and Bakhtiari Plain, excessive
groundwater extraction led to a significant
drop in the water table, which was partially
recovered through managed extraction and
recharge projects. However, recent droughts
have exacerbated the water resource crisis,
emphasizing the need for further studies and
the implementation of new projects.

Methodology

Pollution indices such as HEI and HPI are
commonly used to assess water quality,
particularly regarding heavy metals for
drinking purposes. The HEI index evaluates
overall water quality by comparing the
concentration of heavy metals to their
maximum permissible levels and categorizes
pollution into three levels: low, moderate, and
high. The HPI index ranks water quality based
on the weighted components of heavy metals
in comparison with WHO standards, where
values  greater than 100 indicate
contamination by  heavy  metals.The
calculation of WQI involves three steps:
assigning weights to each parameter based on
its relative importance, determining relative
weights, and calculating quality rates. This
index evaluates water quality by comparing
the concentration of chemical parameters to
their standard values. Based on WQI values,
water is classified into five categories:
"excellent" (<50), "good" (50-100), "poor"
(100-200), "very poor" (200-300), and

"unsuitable for drinking" (>300). These
indices serve as effective tools for assessing
the impact of heavy metals on human health
and determining the overall quality of water.
For metals like cobalt, which lack specific
WHO standards, they are excluded from these
calculations.

Results and Discussion

Seasonal analysis of groundwater heavy metal
concentrations revealed that mean levels in
spring and summer were below WHO limits,
with significant statistical differences (P <
0.05). Pearson's correlation showed no
significant relationships between arsenic,
lead, and cadmium across seasons. However,
lead and cadmium strongly correlated with
HPI, Ca, and HEI indices, indicating their
importance in water quality assessment due to
contamination from fertilizers and vehicle
emissions.The SMAGR model was used to
evaluate artificial recharge, incorporating
factors like groundwater table (WT), soil
permeability  (IR), and  groundwater
contamination (GC). Parameters were
weighted using the AHP method, emphasizing
their role as limiting factors in recharge
feasibility. Salinity above 4000 pS/cm was
identified as a critical issue, potentially
degrading recharge quality.Spatial analysis
using ArcGIS highlighted better water quality
in the western aquifer regions. Calibration of
the transient model showed higher
transmissivity ~ in  southwestern  and
northeastern plains, underlining hydrological
variability. This approach provides insights
into groundwater management and the
importance of addressing contamination in
recharge projects.

Conclusion

The average concentration of heavy metals in
the groundwater resources of the study area
was examined over the period from 2010 to
2020. As indicated by the charts and maps,
although the concentration of most heavy
metals in the groundwater resources of the
region does not meet the "very good"
standards set by national guidelines, the
World Health Organization (WHO), and the
European Union (EU), it can be considered
acceptable. This is attributed to the significant
depth of groundwater sources in Semnan
Province, allowing sufficient time for the
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natural filtration of potential pollutants
entering the ground due to various industrial
activities. Additionally, the province naturally
lacks layers containing heavy metals.
Furthermore, there is considerable distance
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