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Abstract: Climate change, global warming, and drought have been on the world’s agenda since the first years of the 21st century. Türkiye,
which has a semiarid climate, has also experienced periodic droughts. One of themost economical and effective measures for the sustainability
of water use is underground dams. An underground dam is constructed as a barrier that blocks groundwater flow to retain and store water in a
porous and permeable underground environment. Although underground dams have moderate disadvantages, they are one of the most
effective groundwater management methods for efficient and sustainable use of water. As in many countries, the construction of
underground dams is on the agenda in Türkiye, and there are many underground dams under construction. Moreover, the “Underground
Dams Action Plan” (YBEP) is a project announced by the Minister of Agriculture on July 22, 2019, with the slogan “100 underground
dams in honor of the 100th anniversary of the Republic of Türkiye.” This article aims to emphasize underground dams as a useful tool
for sustainable water management. Moreover, there is no literature and database containing statistical data on the number and location of
underground dams in developed and developing countries in the world. In this article, it is aimed to make a brief review of underground
dams in the world and to contribute to the literature by presenting data on the number and location of current underground dams in Türkiye.
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1. Introduction and Literature Review

The increase in the world population causes an increase in the
demand for water in general and especially an increase in the demand
for clean drinking water [1, 2]. In this case, water resources must be
used efficiently, and water management must be planned and
sustainable. Water management is the whole of policy
development, planning, quality protection, investment, monitoring,
permitting, inspection, sanction, and coordination activities that
will ensure the optimum beneficial use of water resources and
control their negative effects, taking into account the demands of
all living things in all sectors [3]. Sustainable water use means
ensuring the efficient use of water in an environmentally
compatible manner without wasting water. In this context, it is
necessary to reduce water consumption rates, determine methods
for efficient reuse of water, and develop and implement water-
saving models for a sustainable water management system [4, 5].
The current accessible water resource in the world constitutes only
1.2% of the total water resource [6, 7].

According to the “Water Efficiency Strategy within the
Framework of Adaptation to the Changing Climate” published by
the Ministry of Agriculture and Forestry of the Republic of Türkiye
in 2023, available water resources decrease due to many factors,
including drought, climate change, population growth, and
unmanaged excessive water use. Due to the temperature increase
and global climate change, changes in the world and the quantity
and quality of water resources have a great impact on the water

cycle (hydrological cycle) [8]. Especially due to climate change,
average precipitation and changes in temperatures, more severe and
longer droughts, and changes in evaporation and transpiration due to
changes in vegetation, these are seen as issues of great importance
for the sustainability of potential surface and groundwater resources
[9, 10]. For this reason, many countries encounter increasing
pressure on water resources due to the increasing demand for
domestic, agricultural, and industrial water resources and
construction costs. For this reason, various methods have been
developed for the sustainability management of available water and
water consumption around the world. The most well-known and
effective way of using these methods is through underground dams
[11–13]. Figure 1 shows a typical underground dam construction.

Underground dams are alternative constructions to control
underground water and are mostly built in valley alluviums to
store groundwater resources in aquifer environments with a high
void ratio, raise groundwater levels, minimize evaporation losses,
and use them in cases where there are limited or no surface water
resources [14–16].

An underground dam essentially consists of a dam trunk built
on a relatively impermeable substrate of soil and fractured rocks. In
this way, the natural flow of groundwater in the aquifer that stores
and transmits groundwater is prevented; the groundwater level
rises, and water can be withdrawn and used throughout the year [11].

Underground dams are classified according to their purpose of
use, method of construction, reservoir type, and materials of
construction [17]. When classification by purpose of underground
dam types are divided into two types: (1) the dam-up type, which is
used just to store water, and (2) the saltwater intrusion prevention
type, which is used to prevent saltwater (Figure 2). The
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classification by construction method consists of the grouting method,
impermeable body driving method, and diaphragmwall method types.
On the other hand, the classification by reservoir types includes fully
subsurface storage types, partially surface storage types, and surface
dam hybrid types. Finally, the classification by construction
material types is made by using construction materials such as
concrete, stone masonry, injected bentonite slurry, etc. [17].

1.1. Effective parameters in underground dams

1.1.1. Estimation of obtainable water and analysis of
seasonal changes

The calculation of groundwater recharge and the amount of water
that can be obtained from an underground dam is a difficult task. It is
not enough to define the porous medium in which the dam would be
constructed physically and hydraulically; it is necessary to investigate
the change of recharge with time depending on meteorological
conditions. This requires multifaceted field and laboratory studies.
Groundwater systems generally respond to drought later than
surface water bodies [18]. However, especially in arid or semiarid
regions, significant changes in groundwater levels and consequently
in flow rates during dry and wet periods are an important problem,
and this should be taken into account in the planning phase, and the
seasonal behavior of the system should be monitored for a
sufficient period of time. For this purpose, data should be collected
for at least 2–3 years, and the conditions represented by the

obtained data within the climate cycle should be well analyzed. For
example, the water flow and groundwater level obtained from
underground dams constructed in Türkiye in the 2000s could only
be measured in short-term or one-off measurements. If regular
records could have been taken, detailed analyses could have been
made. Nevertheless, there is some experience. For example, while
the flow rate was 30 l/s when the Malıboğazı underground dam was
constructed at the end of 2004, it decreased to 13 l/s at the end of
the irrigation season in the summer of 2005. Between 2006 and
2010, the flow rate measured several times was between 15 and
30 l/s. Since the region received good rainfall in 2010–2012
compared to the previous 5–6 years, the flow rate at the dam
increased to 60 l/s in July 2012. Another example of seasonal
variation is the Elmadağ Kargalı dam. The surface reservoir of the
dam, which has both underground and aboveground storage, was
completely emptied in June 2016 due to the use for drinking
purposes, but water continued to be obtained from the aquifer
below for a while. The dam reservoir was filled again with the
precipitation in the following year.

1.1.2. Selection of the most appropriate dam type and water
intake method

Site selection and deciding on the most appropriate and cheapest
water intake method (gravity or pumped option) is another important
task for water supply. In this context, the location of the water intake
facility and the number and location ofwells, if any, should be planned.
Moreover, the construction cost is also important. Thismainly depends
on exploration and drilling, aquifer tests, construction material,
transport, excavation volume, and water intake structure (in case of
gravity flow) or operation wells, pumps, and energy supply. Each
component mentioned above requires expertise and good planning.
The choice of dam body type is determined by the purpose,
function, and material conditions. Whatever the dam type (earth or
rock fill, concrete, conventional mortar, plastic concrete, etc.), the
most important issue in an underground dam for water supply is
how the water is obtained and how the plant is operated. In pumped
projects, the work consists of the construction and pumping of the
casing to seal the groundwater with the production wells in the
reservoir behind the dam (Figure 3). If water is to be obtained by
gravity, where the water will be taken from (bottom, center, or
overflow over the body), how the water intake structure will be
constructed, how the water will be transmitted, and how and where
it will be brought to the surface are determined at the project stage.
The topography and location of the aquifer are decisive for gravity
and pumped underground dams. For example, in groundwater dams
constructed in alluvial aquifers in high slope valleys, there is no
need to take water from the bottom since no significant additional
volume can be gained behind the dam. In such a case, water can be
taken from the center of the dam body by a pipe or by overflowing
over the crest. However, in low slope valleys and thick aquifers,
pumping from wells and gravity method can be considered. If the
gravity method is chosen, it should be preferred to take the water as
deep as possible so that the aquifer volume above the water intake
elevation is high (Figure 3). In such a case, the deeper the water
intake structure is built, the more water can be taken by gravity.
However, the deeper the intake level, the higher the excavation
volume and cost for the pipeline.

1.2. Site selection for underground dams

Before selecting and planning the basic parameters of an
underground dam construction, such as groundwater recharge and
the site where the dam will be constructed, and evaluating it under

Figure 1
An image of underground dams

Figure 2
Classification by purpose of underground dam
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technical, economic, and social conditions along with the water need,
basic parameters such as precipitation, surface flow, and
groundwater recharge should be investigated within the scope of
basin hydrology and hydrogeology [19, 20]. The site selection of
an underground construction depends on the following conditions:

• The effective porosity and hydraulic conductivity of the soil
layers that will be reservoirs must be suitable for the
collection and storage of groundwater.

• There must be a base soil layer with lower permeability under the
reservoir to provide the necessary storage.

• There must be an impermeable environment beneath the
alluvium or rock aquifer at a depth that can be excavated or
where effective injection can be made.

• The depth of the soil layer that will be the foundation must be at
the depth where the dam axis is to be built.

• There must be sufficient groundwater recharge to supply the
planned water volume.

• Groundwater usage needs should be sufficient.
• The quality of the water must be appropriate.
• Water quality must be within the appropriate range in terms of
water usability.

• Its impact on the downstream side should be low [17, 21, 22].

In addition to these basic conditions, it is extremely important that the
recharge conditions in the aquifer storage area and behind the storage
area are of the desired quality, even if there is a sufficient volume of
porous media behind the body to be built [23]. For this reason, it is
advantageous for the aquifer and the soil cover above it, if any, to
be coarse-grained, to have a wide spread of the aquifer, and to have
higher percolation. In addition to the dimensions of the aquifer, the
storage characteristics (determined by pumping tests and laboratory
experiments), the permeability and depth of the base formation, the
groundwater level and its variation, how the water to be stored can
be obtained (by gravity or pumping from wells), the gravity and
pipe diameter and, if possible, the elevation of the water intake
structure, the availability of impermeable materials for the
construction of the casing are effective parameters.

2. Underground Dams in the World
and in Türkiye

Storing both underground and surface water underground for
later use is not a new practice. The fact that underground dams

were built in Sardinia Island and Tunisia during the Roman period
shows that these structures have been built in North Africa since
ancient times [24]. In the last 50 years, underground dams of
various sizes have begun to be built in many parts of the world,
especially in South and East Africa and India [17, 25, 26]. The
capacities of old underground dams are smaller than the recently
constructed underground dams and were used to meet domestic
needs in small rural settlements. Underground dams have been
built with larger capacities since the 1990s and thus have been
used to meet the drinking water needs of larger settlements and to
irrigate larger agricultural areas.

Recently, many underground dams have begun to be built in the
world. In the 1990s, approximately 500 small-scale groundwater
storage structures were built in rural areas against drought in
Brazil and some sediment storage dams in Kenya [24, 25, 27, 28].
Several underground dams have been built in Iran and in India in
2000–2001, and six underground dams have been built in Korea
in the last century [29, 30]. After the 1990s, some large
underground dams were built in China and Japan [22, 31, 32]. It
is seen that studies have been carried out on underground dams to
provide water for various purposes and scales and to prevent
saltwater intrusion [18, 26, 33–41].

The average annual precipitation in Türkiye is approximately
574 mm, which corresponds to an average of 450 billion m3 of
water per year. Within the framework of today’s technical and
economic conditions, the surface water potential that can be
consumed for various purposes is an average of 94 billion m3 per
year. The consumable surface and 18 billion m3groundwater
potential of our country is an average of 112 billion m3 per year,
of which 57 billion m3 is used. Of this, 44 billion m3 is used for
agricultural irrigation, and 13 billion m3 is used as drinking water
and domestic and industrial water [2]. The annual amount of
usable water per person in our country was 1652 m3 in 2000,
1544 m3 in 2009, and 1346 m3 in 2020. Considering these data,
Türkiye will be among the countries whose water needs cannot be
supplied.

In Türkiye, usable water is generally supplied from storage
facilities such as dams and ponds, as well as from aquifers that
provide natural storage. However, Türkiye, along with the rest of
the world, has made future plans due to the negative scenarios
and difficulties in accessing water and sustainability in water use
that are expected to be experienced in the world. The first large-
scale underground dam was designed in İzmir Çeşme in 1998 to
prevent seawater intrusion and store the groundwater in the
coastal aquifer in Çeşme. However, since the construction of this
project was completed, this underground dam has never been used
successfully [22]. The second underground dam built in Türkiye
is the Yahşihan Dam, which was built in 2003 in the Yahşihan
district of Kırıkkale to provide drinking water to Yahşihan. Other
underground dams built in Türkiye between 2003 and 2012 are
Malıboğazı, Ağır Olunlu, Sancar, Bahşılı, İskilip, Baskil, and
Elmadağ underground dams [22]. Some underground dams in
Türkiye are shown in Figure 4.

Within the scope of the “Groundwater Artificial Recharge and
Underground Dams Action Plan” prepared by the Turkish Ministry
of Agriculture and Forestry, 41 projects have been carried out in the
cities of Izmir, Manisa, Çankırı, Konya, Bursa, Eskişehir, Antalya,
Kütahya, Balıkesir, Nevşehir, Kayseri, Niğde, Malatya, and
Kayseri, where the project was implemented successfully. The
ministry plans to complete nearly 200 underground dams by
2023, and 150 of them have been constructed.

Figure 5 shows the distribution of some underground dams built
in Türkiye with the number of completed dam construction in use.

Figure 3
Methods of obtaining water from underground

dams (1) by attraction; (2) by pumping from caisson wells;
(3) by pumping from boreholes
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The irrigation water was provided to an area of 36 thousand decares,
and 21 million3 hectometers of drinking water was provided with the
underground dams in Türkiye. Moreover, approximately 50 million
cubic meters of water will be stored with the start of use of 150
underground dams completed by the end of 2023. By allocating
all of the water stored in these dams to drinking water, drinking
water will be provided to 750 thousand people, and if allocated
for irrigation, 80 thousand decares of land would be irrigated.

3. Discussion

Two basic issues arise in the management of water resources: one
is to protect water resources, and the other is to manage the use of water
resources in a sustainable manner. For this reason, it is necessary for
public institutions, local governments, and universities that undertake
both decision-making and research tasks regarding the management
of water resources to organize the studies within a standard and to

Figure 4
Some underground dams in Türkiye (a) Hatay Ceylanlı Underground Dam Construction Phase; (b) Aydın Kuyucak Beşeylül

Artificial Feeding Project; (c) Seyitler Village Godrahov StreamUnderground Dam; (d) Artificial recharge by diversion of water into
Timraş sinkhole from the transmission canal

Figure 5
Distribution of underground dams built in Türkiye
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continue the implementation by creating a water management policy.
While 75% of the total water resources in Türkiye are used for
irrigation, 33% of the total water resources in the Europe (EU) are
used for agricultural irrigation. This rate increases to 75% in Southern
Europe. On the other hand, in Central and Western Europe, most of
the water (57%) is used for energy production, especially for cooling
purposes, and as drinking water in cities. In the EU, as in Türkiye,
the amount of water used for irrigation varies according to climate,
soil structure, product type, water quality, and irrigation techniques,
but many environmental and economic problems arise due to the
nonuse of irrigation technologies [42, 43]. The priority of using the
potential water is listed as follows: (1) Drinking and usage needs. (2)
Water needs for the continuation of animals and natural life. (3)
Agricultural irrigation water needs. (4) Energy and industrial water
needs. (5) Water needs for trade, tourism, fishing, etc. [2].

Today, underground dams, which are an alternative in terms of
sustainability in water use, are generally built in granular aquifers
with shallow thicknesses, and although they can sometimes be
built in rock environments with developed fracture-crack systems
and aquifer properties, they are a limited alternative due to
limitations in site selection. Moreover, underground dams are not
only built for water sustainability, but they are also built against
the salinization of groundwater in living areas by the sea. With
50% of the world’s population living near the seashore and 60 km
away from the sea, seawater causes the salinization of the
available water in coastal areas. It causes soil salinization and a
significant decrease in agricultural production [26, 32].

The underground dams have advantages but also some
disadvantages compared with traditional dams [2, 33, 44]. Since
the aquifer in which water will be stored cannot be homogeneous
at every point, it is difficult to determine hydrogeological
parameters precisely. Despite this, some parameters of the aquifer,
such as storage coefficient and permeability, are generalized in
projects as if they would represent the entire aquifer. The amount
of water to be stored in underground dams may be considerably
lower than the projected or calculated amount of water. Another
important disadvantage is that storing and retaining groundwater
causes the ground pore pressure to increase, which in turn causes
an increase in the stress balance in infrastructures and also causes
liquefaction in the ground in a possible earthquake [45].

Underground dams and environmental interaction are also a
separate issue. Although groundwater resources are renewable, it
is very difficult to naturally refill reservoirs emptied due to
excessive withdrawals. However, in cases where natural recharge
is insufficient, artificial methods allow faster renewal of
groundwater resources [46, 47]. Since the underground dam,
which is one of the artificial recharge and development methods,
significantly changes the groundwater level in the aquifer, it also
causes a change in quality. As the water level rises in the
reservoir, more water is obtained by consuming less energy.
However, the problem of salinization arises when the water level
rises to the surface or moistens the soil zone. Contamination of
groundwater stored in underground dams is more difficult than
surface water. In addition, the soil cover and the underlying vadose
zone function as a natural purification for the water filtering into the
underground dam. Despite this, the issue of pollution and quality
change is an issue that must be taken into consideration and carefully
monitored for underground dams. One of the important problems in
quality is nitrate (NO3) pollution. Nitrate pollution is an issue that
should be taken into consideration and monitored with other quality
parameters, especially in projectswith agricultural activities at the source.
A typical example of increased nitrate concentration in stored
groundwater after dam construction is the Sunagawa underground

dam on Miyako Island, Japan. The dam construction was completed
in 1998, and the reservoir was completely filled two years later. Since
2001, water has been pumped to agricultural lands from 100 wells in
the dam with powerful pumps. While the nitrate concentration in the
groundwater in the region was 5 mg/l in 1975 before the dam was
built, there was an increase due to fertilizers on sugar cane cultivated
lands, and it rose to around 10 mg/l in 1988. This amount is the
upper limit for drinking water according to Japanese standards [2].

4. Conclusions

The most important issue of the 21st century is that there will be
“wars for water” as water resources diminish due to rapidly
increasing climate change. In addition to drought, rainfall turning
into heavy downpours and urbanization reduce the amount of
water stored in surface dams. In addition, pollution of the natural
environment makes access to clean water more difficult.

It is possible that underground dams can be an alternative to surface
dams in some cases. This is because increasing average temperatures
accelerate water loss from reservoirs in surface dams. In semiarid
regions where nutritional and geological conditions are not suitable for
traditional dam construction, alternative solutions against drought have
been developed where underground dams would be more appropriate
and economical to meet the water demand. In this context, it is clearly
seen that the importance of underground dams increases the potential
to utilize more water in the natural hydraulic cycle.

As in many countries, the importance of underground dams is on
the agenda in Türkiye, and there are many underground dams under
construction. Although underground dams are expensive to survey,
they are cheaper to operate than surface dams when methods such as
gravity water supply are used. Since underground dams also prevent
seawater from mixing with fresh water in coastal areas, both the
groundwater of the delta plains on the coast of the country and the
aquifers on the high coasts will be protected from salty seawater.

Although underground dams have moderate disadvantages,
they are one of the most effective groundwater management
methods for efficient and sustainable use of water. This paper
aims to draw attention to the importance of underground dams
and their construction as there are not many studies in the
literature. In addition, this paper aims to contribute to the
literature by providing data on the number and location of
underground dams in Türkiye and to overcome the lack of data
and archives on underground dams in the world.
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