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1. Introduction

Alluvial aquifers are among the primary sources of water
supply worldwide. Therefore, evaluating the geometry of
an aquifer is crucial not only for identifying the thickness
of the alluvium, estimating aquifer storage, and predicting
extractable groundwater, but also for investigating
changes in the geometry and volume (total, saturated, and
unsaturated) of the aquifer over time. Such evaluations are
necessary to optimize groundwater resource usage and
properly manage aquifers.

Currently, the rate of water withdrawal from aquifers
significantly exceeds the rate of groundwater recharge,
causing a sharp decline in groundwater levels, particularly
in the Mashhad-Chenaran aquifer (MCA). This article
aims to:

1. Evaluate the geometry of the MCA,

2. Estimate the alluvium thickness of the MCA,

3. Investigate changes in the volume of the
saturated part of the MCA over a 30-year period,
and

4. ldentify areas of the MCA that have experienced
a significant drop in water levels.

2. Materials and Methods

To determine the geometry of the aquifer, zoning maps of
various levels of the MCA aquifer were prepared,
including the ground surface digital elevation map (DEM),
the bedrock digital elevation map (BDEM), and the water
table digital elevation map (WDEM) (Figure 1).
Subsequently, to calculate the volume of the MCA aquifer,
several zoning maps were created, including the aquifer
thickness map (ATM), the saturated thickness map (STM),

and the unsaturated thickness map (USTM). Using the
total surface area of the MCA (2528 km?), the volumes of
different aquifer sections (total, saturated, and
unsaturated) were determined.

To assess changes in the MCA volume over time,
WDEMs were prepared for the years 1991, 2001, 2011,
and 2021, based on water level monitoring data from 74
piezometers across the MCA over a 30-year period (from
August 1991 to August 2021). Finally, by subtracting the
WDEMs of different years from the BDEM of the aquifer
and utilizing raster computing capabilities in a GIS
environment, saturated and unsaturated thickness zoning
maps were generated for each year.
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_Figure 1 a) Digital Elevation Map (DEM), b) Bedrock
DI?It{:ﬂ Elevation Map (BDEM), and c¢) Water Table Digital
Elevation Map (WDEM) of Mashhad — Chenaran aquifer

3- Results and Discussion
Based on the obtained BDEM, the bedrock morphology
was found to be uneven mainly in central part of the
Mashhad Plain, between Mashhad and Chenaran. This
unevenness is subject to various factors including geology
and tectonics events and it can be affected by the north and
south fault of Mashhad. So that, the thickness of the
alluvium in some places is 300 meters, while in some other
places it is near the ground level. The deep part of the
MCA is located in the central part of the plain, in the
distance between Chenaran and Razavieh (where the city
of Mashhad is located). The most of Mashhad's drinking
water supply deep wells are located in this area as well.
The longitudinal and cross-sections of the aquifer shows
that the alluvial MCA is an unconfined aquifer with a
single layer, and the groundwater flow from west and
northwest to east and southeast direction, which can be
confirmed by the prepared water table digital elevation
map (WDEM). The prepared maps of changes in saturated
and unsaturated thickness of the aquifer (STM and USTM)
shows that the thickness of the saturated part of the aquifer
has decreased during 1991 to 2021 (Figure 2).

So that, with dropping in the water level, the volume
of the saturated part of the aquifer has decreased about 42

billion cubic meters (BCM) over 30 years. The greatest
decrease in volume of saturation thickness (about 23
BCM) were made between August 2001 and August 2011,
when high number of wells with extensive aquifer
exploitation were seen. A comparison of the volume of the
saturated part of the aquifer in 2001s and in 2010s shows
that during 2011 to 2021, the aquifer was in a better
condition than the previous years and it lost less water
(about 5 BCM). Although this misleading to the minor
positive effect of the previous aquifer balancing projects,
but the aquifer may have faced with a decrease in
efficiency and withdrawal capacity due to the water table
dropping. In other words, it is not possible to the aquifer,
which has suffered a continuous and irreversible decline,
was able to collect water as before. Also, the examination
of the STM shows rising in water level compared to the
nearby points in the central part of the aquifer, in the
distance between Razavieh and Mashhad, between 2011
and 2021. Although as a result of urban effluents and
sewage infiltration to the aquifer and eliminating a number
of wells due to the supplied water from beyond MCA
catchment area (e.g., from the Doosti Dam), a slight
decrease in the rate of water level drop can be seen,
however, in general due to the compaction and in turn
reduction of specific yield of the aquifer materials, the
useful volume and the efficiency of the MCA aquifer was
reduced.
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Figure 2 The variation maps of saturated (a) and
unsaturated (b) thicknesses (STM and USTM) of Mashhad
— Chenaran aquifer
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Tabel 1 Changes in thicknesses and volume (total, saturated
and unsaturated zones) of Mashhad - Chanaran aquifer

during 30 years
2021 ‘ 2011 ‘ 2001 ‘ 1991
Unsatutarion Zone
Thickness (m) 65 62 55 49
Volume (BCM) 165 160 | 137 | 123
Saturation Zone
Thickness (m) 105 107 116 122
Volume (BCM) 265 270 293 307
Total Aquifer

Thickness (m) 172
Volume (BCM) 430

4- Conclusions

The results of this investigations show that the total
volume of the MCA is about 430 BCM, and the saturated
thickness of the MCA has been decreasing over time
(Table 1). The volume of the saturated part of the aquifer
was decreased from 307 to 265 BCM (about 42 BCM)
over the past 30 years (from 1991 to 2021). The largest
volume of MCA aquifer withdrawing (about 23 BCM)
was occurred during 2001 and 2011 (2.3 BCM yearly in
average). Also, the comparison of the changes in the unit
hydrograph of the MCA unit, show almost the same
decreasing in the volume of the saturated part of the
aquifer (40.5 BCM).
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Evaluation of The Geometry and Investigating of Changes in Saturated and Unsaturated VVolumes of
Mashhad - Chenaran Aquifer

Hossein Mohammadzadeh ~ Raheleh Shahriari Naser Hafezi Moghaddas Azam Ghazi

Abstract The assessment of aquifer geometry is crucial to determine the thickness of the alluvium, to estimate the aquifer
storage, to predict extractable groundwater, to optimize groundwater resource usage and to better manage aquifer. In
this article, the geometry of the Mashhad — Chenaran aquifer and the changes in the volume of its saturated and
unsaturated parts were investigated over a period of 30 years (1991-2021). To determine the geometry of the aquifer,
digital zoning maps of different surfaces (including the aquifer surface, water table level, and bedrock surface) were
prepared, and the aquifer thickness and the volume of the aquifer were estimated. According to the results, the volume
reduction in the saturated part is about 42 BCMs over 30 years, as confirmed by decreasing trend of the aquifer unit-
hydrograph. The maximum decrease in saturated volume accrued in the 2001 due to large withdrawals. However, in the
2011, the aquifer’s condition was improved. Although there was a slight reduction in the water level drop rate in some
parts of the aquifer due to the infiltration of urban effluents and sewage, as well as supplied from the Doosti dam, the
aquifer yield decreased due to compaction, which in turn reduced the specific yield of the aquifer materials.

Key words Aquifer Geometry, Alluvium Thickness, Saturated volume, Mashhad- Chenaran.
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