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Water resource development, including dam construction, is one of the most
Accepted: significant measures for optimal water management worldwide. These
04 December 2024 structures are built to store and regulate water resources, supply drinking and

agricultural water, control floods, and generate hydroelectric power.
However, despite the numerous benefits provided by dams, their adverse
environmental and hydrogeological impacts on groundwater resources have
always been a concern for researchers. One such impact is the reduction of
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In Iran, where surface water resources are scarce and demand increases, dam
construction is crucial in water resource management. Ardak Dam, located in the
Mashhad Plain watershed, is one of the projects whose impact on the region's
aquifer needs thorough investigation. This study aims to examine the effects of
Ardak Dam construction on the quantity and quality of the Mashhad Plain aquifer
using dynamic modeling in VENSIM software.

Understanding these effects can contribute to better comprehending the interaction
between surface and groundwater resources and provide appropriate management
strategies.

Materials and Methods

Study Area

Ardak Dam is located 55 km north of Mashhad along the Mashhad—Quchan road.
It is built on the Ardak River, which serves as a water source for the Mashhad
Plain. The primary objective of constructing this dam was to regulate water flow
for various purposes, including drinking water supply and agriculture. The annual
average discharge of the Ardak River is estimated at 25.13 million cubic meters,
while the annual regulated capacity of the dam is approximately 3.30 million cubic
meters.

Research Methodology

To assess the impact of Ardak Dam on the downstream aquifer, hydrological,
hydrogeological, and piezometric data from the region were utilized. The
groundwater level variations in two observation wells, Shirhesar and Kalateh-
Sheikha, were examined. Shirhesar well is located downstream of the dam, where
the water enters the aquifer, whereas Kalateh-Sheikha well is upstream and was
used as a control well.

For data analysis, dynamic modeling in VENSIM software was employed. Key
variables included dam reservoir inflow, evaporation rates, aquifer discharge, and
agricultural demands. The model was run for a 14-year period (2012-2026) to
analyze changes in groundwater levels and water quality downstream of the dam.

Results and Discussion

Impact of the Dam on the Aquifer Level

The results indicated that the groundwater level in Shirhesar observation well
decreased by approximately 4 meters after the construction of Ardak Dam.
Additionally, the analysis of the unit hydrograph of the Mashhad Plain showed
that, in general, the groundwater level across the entire plain declined by about 5
meters. A comparison of groundwater level decline in upstream and downstream
wells demonstrated that the reduction in recharge was more significant in wells
closer to the dam, indicating the direct impact of dam construction.

During the reservoir filling period (2007-2013), the rate of groundwater level
decline in the Shirhesar observation well increased, confirming that changes in
aquifer recharge were influenced by dam construction. However, in the Kalateh-
Sheikha well, located upstream of the dam, similar variations were not observed,
indicating the limited impact of the dam on upstream areas.

Impact of the Dam on Aquifer Water Quality

A crucial aspect of assessing the effects of dam construction is the examination of
groundwater quality changes. The findings revealed that parameters such as
electrical conductivity (EC) in the Shirhesar well increased after dam construction.
However, similar trends in water quality deterioration were also observed before
the dam was built, suggesting that the dam was not the sole factor contributing to
these changes. The analysis indicated that cumulative factors, including over-
extraction of groundwater for agriculture and changes in aquifer balance, played a
more significant role in water quality degradation.

Modeling and Future Predictions

Simulating groundwater level changes under different scenarios revealed that:

« In 66% of cases, the irrigation water demand was not fully met by the dam,
resulting in increased groundwater extraction and, consequently, a decline in



aquifer levels.

* In a scenario where water demand was reduced, and the dam's influence was
removed, the groundwater level showed an improvement.

* In a scenario of increased groundwater withdrawal, the groundwater level
continued to decline until 2026.

Conclusion

This study demonstrated that the construction of Ardak Dam has directly impacted
the reduction of groundwater recharge in the downstream aquifer, leading to a
decline of approximately 4 meters in observation wells near the dam and 5 meters
across the entire Mashhad Plain. Additionally, the analysis of groundwater quality
indicated an increase in salinity (EC) in downstream wells, although this change
was not solely attributed to the dam but rather to a combination of factors,
including excessive groundwater extraction.

Modeling results revealed that in 66% of cases, the irrigation water demand was
not entirely met by the dam, leading to an increased reliance on groundwater
sources and further depletion of the aquifer. Thus, optimizing groundwater
withdrawal, improving agricultural water use efficiency, and implementing
sustainable water resource management policies can mitigate the negative impacts
of dam construction on the aquifer.
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Fig 10. Aquifer variation chart with reduced demand and removal of the dam.
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Fig 11. Diagram of aquifer volume reduction with increasing demand and the presence of a dam.
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