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ABSTRACT  
 
Many developing countries are located in areas where the rainfall is seasonal and 
unpredictable. In these countries, water is supplied through storing in wet years for dry years. 
One way to overcome seasonal shortages of water is utilization of groundwater. However, in 
the late dry seasons, in some areas, even underground water resources are also depleted. 
Alongside, in some other areas, underground water is not available so that there is a need to 
dig deep wells and install pumps to exploit water which is not cost-effective. Unfortunately, 
the groundwater levels have declined in recent years due to inefficient management. This 
matter causes lot of issues including drop in groundwater levels and salinity of soil and water. 
The expertise believe that the construction of underground dams can be partly overcome these 
problems. The issue whether the construction of underground dams is in consistent with the 
objectives of sustainable development or not and in what extent needs to be cautious. The 
present study attempts to identify advantages and disadvantages of different types of 
underground dams to determine the future sustainability of such structures from economic, 
social and environmental viewpoints.  
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INTRODUCTION 
 
Most of the developing countries are located in areas where rainfall is seasonal and 
unpredictable. In these countries, the supplying water process is largely done by saving it in 
rainy seasons for the seasons of low rainfall as in wet years for dry years (Forzieri et al., 2008; 
Ravnik and Rajver, 1998). Usage of underground waters is one of the diverse ways to 
overcome the seasonal water shortages. However, in some areas, at the end of the dry season, 
even underground water resources are brought to an end or not accessible (Gustafsson, 2005). 
Therefore, it is essential to drill deep wells and install pumps to exploit water, which is not 
cost-effective (Arango, 2002). In recent years, the usage of underground water has been 
considered as one of the ways to supply water (Nordmark, 2002). Silva and Neto, (1992) 
defined the underground dam as any structures blocking sub-surface water-flow of a natural 
aquifer as well as a  tank which is constructed on underground level. According to their 
definition, for construction of an underground dam, impermeable bedrock like igneous rocks 
with low porosity and fracture and also a suitable tank with high storage coefficient are 
required. From thousands years ago, the water conservation and prevention of desertification 
have been major concerns in the world. Thereby, new strategies including construction of 
underground dams have been emerged. It is considerable that a large part of Iran is located on 
arid and semiarid ecosystems. Around 75% of Iran is consisted of dry lands. In terms of 
geographical location, it is situated in areas where all impassable deserts are located. 
Accordingly, peaceful coexistence with desert is an inevitable principle which requires proper 
planning and appropriate actions.  
 
Issues like lack of rainfall and low soil fertility have been considered major problems in 
rehabilitation of agricultural lands and rangelands in Iran. Currently, more than 57% of annual 
rainfalls waste in the form of floods and run-offs. These are all related to lack of sufficient 
knowledge about the issues such as new sciences and technologies as well as optimum usage 
of existing water resources.  
 
To deal with drought, the construction of underground dams is vital in many arid and semi-
arid areas like Iran on the grounds that these types of dams prevent the withdrawal of 
groundwater and reduce costs. In addition, site selection and implementation of such 
structures are easy. The construction of underground dams can be a great solution to 
overcome the problems such as the low level of underground water, the water salinity and soil 
downfall according to the withdrawal of underground water levels and insufficient 
management measures in recent years.  Annually, about 1.2 billion m3 of surface water wastes 
in Iran while this volume of water can be accumulated by using underground dams together 
with flood spreading system. 
 
The construction of underground dams has no effects in terms of environmental issues and it 
is useful to deal with shortage of water resources. The level of water evaporation is zero in 
these dams. Moreover, their discharge rate varies between 10 to 15 liters per second which are 
used for agriculture and drinking purposes. Although, the underground dams are constructed 
in small sizes but they are just sufficient to provide drinking water requirements for the 
inhabitants near provinces and villages. 
 
Unfortunately, the level of underground water has been declined due to uncontrolled 
withdrawals of underground water (Valett and Sheibley, 2009). By construction of 
underground dams, water can be collected by the outer wall of the dam. It causes the water 
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table of the aqueduct to rise. By installing some valves on the wall of dam, the surplus 
water can be conducted towards the aqueduct. The measure helps to rehabilitate the aqueduct 
and underground springs. Construction of underground dams is one of the specific and unique 
methods to restore aqueducts and fountains whereas other countries have not been successful 
in managing aqueducts. The construction technology of underground dams is under restriction 
of few countries including United States, India, Brazil and China. Iran is the sixth country 
which has achieved to this technology but the only difference is that the building instruction 
of underground dams is fully localized in this country. 
 
 
Definition of an underground dam  
 
Unlike normal dams which are made in the width of rivers or streams to store and collect 
water in upstream reservoirs, underground dams block and store groundwater-flow below the 
ground level. Besides, they are used as collective structures which are able to divert the 
groundwater-flow (Goran and Nilsson, 1986). For example, underground dam can feed the 
neighboring aquifers. It also enhances the water table of an aquifer which has low-flow in a 
manner that can be easily extracted by pumping operations (Mori et al., 1996). Different 
composition of superficial layers of earth in various areas causes water to penetrate into 
substrates slowly or quickly.  If the composition of subsurface layers is in a way that water 
can penetrate to depth areas, then the water is actually nowhere to be found and it will 
transmitted to unreachable depths (Mori et al., 1996). In some areas of the earth and at depths 
under 100 m, soil composition is so that water cannot penetrate the underlying layers. 
Underground aquifers are divided into two types:  
 
1. Free aquifers: In this type, water table level is the same as upper surface of the 
saturated area. The amount of pressure in water table is the same as atmospheric pressure 
(Herrera and Chen, 1982). 
 
2. Under pressure aquifers: these aquifers are known as “artesian” or “confined”. They 
are formed in locations that the underground water is confined from above by a relatively 
impermeable layer (Zhang et al., 2007). As a result, the underground water is under greater 
pressure than atmospheric pressure. 
 
In some areas, in natural composition of soil, vertical layers of soil cause the underground 
aquifers to be altered to different sections. Also, it leads to conversion of each underground 
aquifer to several reservoirs (Freez and Cherry, 1979). In natural conditions, these layers act 
as a natural underground dam (Onder and Yilmaz, 2005). By recognizing the benefits of such 
natural dams, human tries to construct artificial dams in extensive aquifers of underground 
water and establish underground water reservoirs (Jandric, 2000).  Creating extensive vertical 
columns in the direction of water flows or in underground reservoirs having more or less than 
70m depth is called underground dams. Building underground dams requires different factors 
such as accurate calculations, aerial photos and satellite images, economic justification and 
the most important one environmental investigation (Jabrand, 2000). Underground dams like 
normal dams have impermeable wall that water is collected behind it. This wall is made of 
compacted clay, pottery, brick and stone with cement mortar, PVC and polyethylene (Ishida 
and Kutoku, 2003). In order to construct the wall, a trench, perpendicular to the direction of 
river, is generally drilled up to impermeable stone-bed level.  The width of the trench depends 
on the thickness of the alluvium, depth of impermeable rock of river bed, the soil or alluvial 
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type of dam site and materials used in dam wall (Gupta and Mukherjee, 1987). In rivers 
that sediment loads are mostly sand, the adhesion alluvium is naturally low and the trench 
walls are possible to fall during drilling and excavation (Ishida and Kutoku, 2003). Therefore, 
it is required to hold the trench walls using retaining plates or other techniques. However, 
sandy areas are considered as appropriate parts of rivers for construction of underground 
dams whereas they have suitable storage coefficient. During trenching, it is usual to collide 
with water table which indicates that the subsurface flow is in canal bed. Thereby, during 
drilling, it is needed to pump and bring the water out of the trench bottom (Gupta and 
Mukherjee, 1987). 
 
 
History 
 
Dam engineering is an integral part of human civilization because dams have been 
constructed to provide water (Fei et al., 2010). Moreover, dams are undoubtedly considered as 
the first man-made structures. Evidence reveals that dams have been at the service of human 
civilization from at least five thousand years ago in civilizations including Babylon, Egypt, 
Iran, Europe and East (Norman, 1971). The history of dams is generally referred to Roman 
times in Europe (Arenillas et al., 2003). Underground water dams were built in island of 
Sardinia in Roman times (Trevor, 1992). Buildings in Tunisia indicate that blocking the flow 
of underground water was done by ancient civilizations in North Africa (Norman, 1971). 
There is an evidence of an underground dam construction in eighteenth century in Arizona but 
scientific growth and development of underground dams began from twentieth century and 
they have become more popular between countries in the past three decades. In Germany, 
France, and Italy several dams have been constructed in order to enhance the underground 
water table levels. Underground dams are used with various purposes for example in Austria 
to expand water resources, in Greece to develop aquifers and in Yugoslavia to protect fresh 
water aquifers against sea (Norman, 1971). Several examples of these dams have been 
reported in Iran. One of the world's oldest underground dams was constructed in Meymeh 
(Isfahan), near Kashan. The height of this underground dam was 9 m and it was able to store 
about 270,000 m3 of water for irrigation and drought periods. This technique has been used in 
an aqueduct in Vazvan City in Isfahan in order to prevent water loss and also in rivers of 
Sistan and Baluchestan Province to supply water. It should be mentioned that techniques of 
using underground water flows, particularly underground dams and aqueducts were firstly 
invented by Iranians. Despite the topographic and climatic conditions of Iran, many areas are 
suitable for building underground dams (Hartung et al., 1987). There have been no serious 
studies about the construction of underground dams in Iran despite the ancient histories and 
importance of using underground water in different ways such as aqueducts and canals. 
Several underground dams are currently under construction such as Kharanegh underground 
dam in Ardakan City of Yazd Province. Besides, several underground dams have reached to 
operational phase such as Kahnuj underground dams in Kerman Province which includes a 
series of scattered villages in impassable and mountainous places.  
 
In order to supply water needs for the inhabitants, according to the natural and climatic 
conditions of the region, high evaporation, possible outbreaks of malaria and comparing the 
costs in comparison with other various projects, construction of an underground dam with 9.5 
m height and 17 m wide has been approved. It should be noted that the basin average annual 
rainfall is 207 mm and its annual discharge equals to 1.66 million m3. Some other 
underground dams can be mentioned as below: 
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Kuhraz Damghan: The method of its construction is divided in two parts. The first part is in 
the form of Chinese brick wall with tar surface from floor up to 4 meter height. The second 
part is made of knocked clay and its height is 3 m. 
 
Tuyeh Davare Yazd: it is made of stone, mortar and concrete. Stone and mortar are used up to 
5 m depth and the remaining parts are filled with concrete.  A twenty-centimeter wall is built 
in order to protect the tar layer and gravel materials which are used inside the dam reservoir. 
Some other examples are as Kuhraz Damghan, Sefid Dashte Shahrekord, Chalkrud in 
Ramsar, Maku in West Azarbaijan, Kharanegh Yazd and Chndab in Garmsar, Sabzevar and 
Meymeh Underground dams in other countries can also be mentioned as following: 
 
Coastal area located in the Horn of Africa (Print, 1997), Islands and coastal areas of Japan, 
Myaku Island in southwestern Japan, Nakajima Island in Japan (Nagata, 1991), central 
regions of Tanzania (Print, 1997), north and north-west regions of arid and semi-arid regions 
in Tibet, China (Qi et al., 1995), and lots of other cases. 
 
 
Types of dams 
 
In a general, underground dams are divided into two groups of sand dams and subsurface 
dams. 
 
Subsurface dams 
 
In this type of dams, the dam walls are limited to impermeable bedrock at the bottom 
and it is restricted to alluvium layer in upper parts. Water reservoir is only formed in the 
basement. It is common to use this type of dams in order to increase the storage of agricultural 
water resources in North East parts of Brazil (Telmer and Best, 2004). 
 

 
Figure 1. The profile of underground dam (Source. Telmer and Best, 2004) 
 
 
These dams are constructed to store water in natural aquifer (upstream reservoirs of the dam). 
They are built perpendicular to the river direction. The dams prevent subsurface-water to flow 
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downstream and accumulate water in their sand bed. In this way, the fluctuations of 
underground water level are largely reduced by storing water. This role can be seen exactly in 
surface dams for controlling the changes in river discharge and establishing a stable state. The 
walls of the dams can be made of concrete, stone, compacted clay, asphalt, brick with cement 
mortar or even resistant plastic plates against water flow (poly ethylene), but it is better to use 
the nearest borrow materials and resources. Unlike the surface dam, the bodies of subsurface 
dams do not need to be thick or have a retaining wall (Diettrich, 2003). The most important 
issue which should be regarded in constructing these kinds of dams is to build the dam walls 
on impenetrable bed and stone anchor to prevent leaking water to downstream. Ideal locations 
for construction of subsurface dams are buried valleys and narrow valleys with width of 100 
to 200 m which are filled by materials with good water discharge such as sand and gravel. 
Natural subsurface dams are frequently caused by rock outcrops and blocking the flow of 
water. Development of subsurface dams in valleys and river beds can be a helpful tool to store 
a high volume of water (Telmer and Best, 2004). 
 
Sand storage dams 
 
In this type of dam so-called sand fill dam, the impermeable wall of the dam is laid on the 
impermeable bed. It continues up to the alluvium level existed in the river bottom.  
 
These dams are mostly built in rivers that the thickness of the alluvium is slight (about 2 to 3 
m). 
 

 
Figure 2. Schematic cross section of a sandy dam (Source. Orient and  Hoogmoid, 2009) 
 
 
In these dams, a part of the dam wall which is placed above the alluvium, works as a sediment 
trap (similar to the sediment control dams) and the volume of underground reservoir is 
increased by accumulation of sediments behind the dam wall over time (Foster and Retsios, 
2004). Indeed, a surface reservoir and an underground tank reservoir are made in which the 
surface reservoir turns into underground reservoir over time. In this way, sands and gravels 
are collected behind the dam in flood seasons and the increased dam height will consistently 
continue. Fine-grained sediments such as silt and clay which have been deposited in the space 
between coarse-grained sands and gravels are taken out from top of the dam due to confusion 
during the flood (Foster and Retsios, 2004). Only coarse-grained sediments remain and this 
causes high storage capacity. However, in discussions associated with sedimentation 



JBU II (2012) 1  ·   

__________________________________________________________________________________________ 
© 2012 Journal of Biourbanism 

41

engineering, this process intensifies by designing channel-like structures in river beds that 
causes water involvement and circulation between the river bed sediments. These types of 
dams are more costly and complex than subsurface dams. Therefore, before making these 
types of dams, a subsurface dam should be made with lower cost in the same location in order 
to ensure the impermeable nature of the body and dam reservoir. Moreover, maybe the stored 
water by the initial dam can be responsive for the population needs. 
 
 
Advantages and disadvantages of underground dam 
 
 
Among the advantages of the underground dam can be pointed to its high flexibility in finding 
suitable locations for construction. Unlike the big dams which are commonly constructed 
away from places that use water; underground dams can be built in the vicinity of agricultural, 
rural and industrial areas (Hut et al., 2009). 
 
Benefits  
 
Using underground water dams has many benefits compared to common methods of surface 
water storage. The most important advantage of underground dams is the possibility of 
building the dam close to residential areas for example these dams can be constructed next to 
deprived villages requiring water. Construction of underground storage dams help to store 
rainfall and feed the groundwater aquifers and provide water for farming. Site selection of the 
underground dams is so easy, i.e. high flexibility in finding suitable locations for construction; 
underground dams can be built in the vicinity of agricultural, rural and industrial areas unlike 
surface dams and large aquifers which should be far from areas using water (Peter Dillon et 
al., 2000). Low cost of implementation, operation, maintenance and repair is another 
important advantage of such structures. They have simple structures which can be 
implemented by using available resources and local workforce. Underground dams reduce 
evaporation losses considerably. No temperature changes take place in reservoir water. The 
stored water has a constant temperature. This matter is notable in terms of industrial uses. 
Unlike surface dams which accumulate water on the earth's surface and they cause the areas 
of dam reservoir to go underwater, in this type of dam reservoir damage is very low because 
of accumulation of water below the ground level. Compared to surface dams, regional 
ecosystem is less affected because of accumulation of water in subsurface (Peter Dillon et al., 
2000). It follows by the least vulnerability for humans. The structure also reduces 
reproduction opportunity of dangerous insects like anopheles mosquito which carries malaria 
considered a crucial problem in tropical areas. The volume of dam reservoir is not decreased 
because of river sedimentation and it has longer life (sedimentation, even in the underground 
dams of sand is considered as an advantage). The design and construction of underground 
dam is permanent. Therefore, water storage is available for a long time, while the practical 
storage capacity of the surface dams is reduced during time because of plant growth and 
deposition of sediments. Subsurface water flow is not static and they get out of reach in semi-
irrigated seasons while they can be stored in underground reservoir based on the project 
dimensions. Besides, they can be utilized with a greater efficiency in appropriate time due to 
rising water level in underground aquifer. Underground dams are planned and implemented 
based on the subsurface flow and they are considered as more reliable water source in 
comparison with common surface dams. Underground dams can be accompanied with other 
projects such as soil conservation, preventing erosion and floods, artificial feeding and 
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enriching upstream wells. These types of dams can be constructed as dual use in many 
cases. In addition to fresh water storage, they can act as a barrier and avoid the invasion of sea 
saltwater or contaminated water with areas of clean water. It is possible to make several 
underground dams on the waterways of a region to increase underground water storage.  
 
Underground dam is a method for optimal utilization of available water resources. This 
method prevents the loss of underground water. The impact of these dams on the control of 
subsurface water is comparable with the role of surface dams in controlling surface runoff in 
stream and rivers. Other advantages of underground dams can be summarized as follows: 
 
• No need to use tools and skills for water treatment. 
• No contamination of water reservoir. 
• No damage in case of deterioration of the dam. 
• less sensitivity towards drought phenomena 
• Construction failure of underground dams is much less than surface dams 
• No risk of dam failure in establishing 
• No heavy costs for maintenance and protection 
• No flood in the fields and pastures and no social issues 
• Applicable in most communities and seasonal waterways 
• Possibility of extensive public participation in implementation and operation of the   
 project 
• Water distribution is much cheaper than surface dams  
• It is possible to use reservoir land in periods of land shortage  
 
 
Disadvantages and limitations 
 
The correct estimation of usable water stored by underground reservoir is relatively difficult. 
It is difficult to control operations such as quality of dam walls and the amount of water 
passing across borders because it cannot be supervised. The construction of dams without 
enough studies can be harmful for downstream underground aquifers. 
 
The underground dam reservoir has smaller volume of water compared to surface dams 
because it is formed into the alluvium behind the dam wall (Nilsson, 1988). Therefore, their 
site should be selected in rivers with coarse-grained alluvium (such as igneous areas). Step by 
step controlling the construction of dam-body requires high accuracy and lots of 
considerations. Whereas, after constructing the dam, the body is out of reach and in case of 
trouble in the dam wall, these problems will be far from the engineers’ sight. In some cases, 
construction costs and facility operation may be more expensive than surface dams. 
 
It is difficult to estimate the exact volume of reservoirs because of storing water underground 
and lack of accuracy of geophysical methods (geo-electric method) in estimation of 
subsurface structures geometry. In areas where government does not support farmers for 
financial issues, building a large number of these dams for agricultural purposes is not 
affordable for local people and using these dams is only limited to domestic consumption. An 
underground dam may prevent penetration of subsurface flows to downstream aquifers but 
usually these aquifers are not absolutely fed with subsurface flows passing through the dam 
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site. By designing suitable structures in the body of underground dam, a certain extent of 
water can be drained to downstream areas (Abu-Zeid and Elbadawy, 2005). 
Salt making in reservoir of underground dams is considered another disadvantage of 
underground dams. Raising the underground water level to vicinity of surface by construction 
of underground may be associated with evaporation of water from reservoir or accumulation 
of salts. For solving this problem, the underground water level can be reduced by lowering the 
height of dam wall which helps to prevent evaporation (the height of wall is usually 
considered to be from the impermeable bed up to 3 or 4 m below the alluvial river bed). 
Moreover, in some countries like Brazil, plants absorbing salt are cultivated in reservoir in 
order to reduce the effect of this phenomenon (Telmer and Best, 2004).  
 
To reduce the potential of salt-making in underground reservoir, it is possible to embed a 
drain pipe at dam heel. The drainage pipe is designed at dam heel, in parallel with dam wall. 
Besides, it is laid on impermeable bedrock. This pipe is extended across the dam wall and 
then it passes through the inside of walls. Alongside, it is connected to a vertical pipe in the 
downstream that water can be drained by its help. Indeed, this pipe is used as a mean for 
discharging dissolved salts from dam reservoir.  
 
 
CONCLUSION  
 
In general, the application of underground dams can be summarized in the followings: 
 
A) Underground water storage (Water supply) 
 
In Iran, these dams can be used to provide agricultural water. Besides, they are useful to 
supply drinking water in coastal areas. Due to low storage volume of the reservoirs and high 
construction costs of underground dams compared to other hydraulic structures, the required 
water is mostly provided by transferring water from neighboring basins. These structures are 
applied around the world to supply agricultural and drinking water and also artificial feeding. 
It should be noted that underground dams are used and implemented in various dimensions 
and sizes. Thus, their small sizes do not mean they are not important. These dams are of vital 
importance in many areas due to being the only source of supplying water. 
 
B) Preventing saltwater penetration to fresh water reservoir in coastal areas and 
salt plains 
 
These dams are usually made in coastal areas, salt plains and islands. In these areas, the water 
table is lowered as a result of exploiting underground water. Due to increasing the hydraulic 
gradient, saltwater is combined with fresh groundwater in reservoirs and the use of the 
groundwater is limited. Nakajima Dams in Japan and Bang Tu in Thailand are examples of 
these dams. The sidelong applications of these dams are controlling flood, increasing 
underground water quality and preventing soil erosion. 
 
C) Management of water resources 
 
Unfortunately, underground water level has been declined due to uncontrolled usage of  
underground water. It can be stored with the construction of underground dams. Underground 
water is collected behind the outer wall of the dam. This matter causes aqueduct water level to 
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rise. Excess water in the dam can be conducted towards aqueduct by embedding some 
valves on the dam wall and this action causes aqueduct and underground springs to 
rehabilitate. Whenever, original springs or wells and aqueducts are faced with water crisis in a 
region, by construction of underground dams and blocking few springs or aqueducts, it is 
possible to lead the water towards the main spring and well or aqueduct and avoid them from 
being dried. 
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