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One of the strategies for water storage in arid and semi-arid areas such as Iran is
the construction of underground dams; however, identifying suitable sites for the
construction of these structures remains a major challenge. The aim of this paper
is to identify the optimal locations for the construction of underground dams
using a geographic information system and multi-criteria decision making
techniques. Firstly, thematic maps were prepared in ArcGIS environment
including geological condition, land use, landslide potential, topography, water
stress, aquifer area and distance from dam, village, ganat, stream, fault, airport
and road. Hierarchical analysis and fuzzy logic methods were used to weight the
prepared maps. By removing unsuitable and restricted areas for the construction
of underground dams, a final potential map for this structure was prepared. The
results show that the provinces of Razavi and South Khorasan, Kerman, Yazd,
Sistan and Baluchistan, Hamedan, Qazvin, Zanjan, Markazi and Qom have
greater potential for the construction of underground dams than other provinces
in the country. Finally, to validate the results, a comparison was made between
the results presented in this study and several successful underground dam
projects in the country, showing a relatively close match between the potential
map and the implemented structures.

Introduction

hydraulic structures designed to manage

Today, the overexploitation of alluvial aquifers
and the decline in groundwater levels in these
aquifers, together with their pollution and the
limited access of certain population groups to
these resources, have led to significant water
stress in some regions of the country. It has also
led to efforts to find alternative groundwater
resources (such as karst water resources, deep
and fossil water, etc.) and emphasizes the crucial
need for water resources management. One of
the common approaches to control, manage and
store water during the rainy season for use
during the dry season is underground dams,
which have attracted the attention of arid and
semi-arid countries of the world, especially Iran,
in the last two decades. These dams, which are

groundwater in areas with subsurface water
flow, require a thorough evaluation of various
surface and subsurface criteria to determine
suitable sites for the construction of underground
dams. Unfortunately, despite the favorable
topographical and climatic conditions in many
regions of Iran, which have significant potential
for the construction of dams and underground
reservoirs, the construction of underground
dams has not been seriously considered and only
a few limited cases such as Sadeghiravesh et al.
(2023) and Talebi et al. (2023) (among others)
have been implemented. A comprehensive,
large-scale investigation has yet to be
undertaken to pave the way for policymakers,
managers and stakeholders to identify priority
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regions for the construction of underground
dams. Therefore, the primary objective of this
research is to provide an initial assessment for
the selection of optimal sites for the construction
of these dams throughout the country.

Materials and Methods

Subtitle

In this study, criteria such as geology, land use,
landslide potential, topography, water stress,
aquifer boundaries and distance from features
such as dams, villages, ganats, streams, faults,
airports and roads were used in the selection of
underground dam sites. To achieve this
objective, geological maps, SRTM digital
elevation models (DEM) and other maps were
produced using Arcgis 9.3 software for the
decision-making process. These layers were
combined and modelled according to the Fuzzy
Operator and Analytic Hierarchy Process (AHP)
to generate a final map delineating areas
vulnerable to underground dam construction.
The results obtained were then verified with the
location of major underground dams constructed
in the country.

Results and Discussion
In order to select suitable sites for the
construction of underground dams in the
country, the first step involves the preparation of
various layers as follows

Water stress: The assessment of water stress in
this study is based on the long-term average
annual decline in groundwater levels (from 1375
to 1400). According to this analysis, the
maximum water stress reaches 2.74 m y-1,
which is mainly observed in Khorasan Razavi
and Hamadan provinces.

Slope: The analysis of slope characteristics, as
shown in the slope map, shows that a significant
part of Iran has slopes of less than 10%, with
some areas even below 5%. Such categories are
considered highly favorable for the construction
of underground dams.

Distance from streams: This layer, obtained by
mapping Iran's river network, shows that shorter
distances are prioritized for the construction of
underground dams.

Lithology: Examination of the surface lithology
map of Iran shows that most of Iran consists of
Quaternary sediments, which are considered
most suitable for underground dam construction.
Conversely, hard rocks and evaporative
sediments such as salt and gypsum are
considered unsuitable for site selection due to
their destructive effect on water quality and
inability to form a suitable reservoir.

Distance from faults: The map of distance from
faults was prepared using the map of faults in
Iran, which indicates that shorter distances are
not suitable. Such distances pose potential
hazards, including water leakage, which
increases the cost of sealing, and the possibility
of earthquakes causing structural damage.

Land use: Owning land in agricultural areas is a
challenge. Residential and industrial land uses
are unsuitable for underground dam construction
due to the potential for structural damage and
water pollution and should be excluded from the
decision-making process.

Unsuitable areas for underground dam
construction include rocky, salty, desert and
swamp regions.

Distance from villages: Constructing a dam near
villages offers advantages such as use local
workforce, ensuring effective maintenance by
locals, and reducing transfer and pumping costs.
Consequently, shorter distances of the dam to
the village is a key factor to consider.

Distance from roads: The significant pollution
along main country roads, caused by high
vehicular traffic, necessitates prioritizing
distance from these roads during underground
dam construction .

Distance from the Qanats: Minimizing
negative impacts on downstream water sources
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like the Qanats is essential when planning the
axis of an underground dam .

Landslide potential: Potential landslides can
have damaging effects on underground dams,
including reservoir displacement, destruction of
upstream structures, reduced land permeability,
and altered stream routes. Hence, selecting
locations for underground dams away from high
landslide risk areas is crucial.

Distance from dams: The more distance from
the surface dams and their permanent reseviors,
the more favorable it is for the construction of
the underground dam.

Distance from airports: Longer distances are
more desirable due to less pollution.

Aquifer boundary: the main alluvial aquifers of
the country, considering the fact that they do not
have a problem in terms of water supply for wet
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and dry seasons, also considering the great depth
of sediments in such areas, the construction of an
underground dam does not have a logical and
economic justification. Consequently, these
areas should be excluded from the localization
process.The results of the final map show that
although all provinces in the country have the
necessary potential for the construction of
underground dams, the provinces of Razavi and
South Khorasan, Kerman, Yazd, Sistan and
Baluchistan, Hamedan, Qazvin, Zanjan, Markazi
and Qom have a greater potential for the
construction of underground dams compared to
other provinces in the country. Finally, to
validate the results, a comparison was made
between the results presented in this study and
several successful underground dam projects in
the country, showing a relatively close match
between the potential map and the implemented
structures.
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Fig 1. The final map of prone areas for underground dam construction along with the borders of provinces and
areas with higher potential compared to other regions

Conclusions

In arid and low rainfall areas, such as our
country, the high evaporation rates due to unique
atmospheric conditions pose a challenge to the
feasibility of small-scale surface water storage,

often rendering it impractical and uneconomical.
In addition, the construction of surface reservoirs
in desert areas can have a negative impact on the
environment. In areas characterized by limited
rainfall and the presence of subsurface flows
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where extraction is technically feasible, the use
of underground dams is proving to be a highly
effective method. In this study, 14 factors were
considered in order to select the most suitable
locations for the construction of underground
dams. According to the weighting conducted,
water stress stands out as the most important
criterion in the selection of the underground dam

site, followed by distance from streams and
slope. An evaluation of the final map of
underground dam siting along the national
provincial boundaries shows that provinces such
as Razavi and South Khorasan, Kerman, Yazd,
Sistan and Baluchistan, Hamedan, Qazvin,
Zanjan, Markazi and Qom have greater potential
for such structures than other provinces.
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Fig. 1. Schematic diagram of the study stages for prone areas of underground dam construction
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Table 1. AHP Comparison matrix for each effective criterion in underground dam site selection
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Table 2. Landslide potential classification
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