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Surface water sources have been the first choice of water supply for drinking, agriculture and industries in most
parts of the world since time immemorial and for increasing population and modern life. However, the surface water
sources are usually prone to pollution, resulting in diseases when used without treatment. Furthermore, the high cost
involved, the unavailability of land for the storage of impounded surface water, effect on biological life and
environmental concerns and the social dislocations that surface water developments cause make the construction of
surface dams controversial and costly for many governments. There is therefore much pressure on available water
resources in many parts of the world. For remote, isolated and sparsely populated settlements, groundwater supply
from hand dug wells and boreholes are depended on as the most feasible and economical option. However,
groundwater levels and yields could be variable, following intensive use and seasonal rainfall patterns.

To increase water supply from groundwater resources, various technologies have been developed in many parts of
the world and underground dam is one of such technologies. It has received much attention in Japan, Brazil and India
since the 1970s and many of the dams have been constructed in these and other countries. At present, there is a
renewed interest in it as a feasible option for augmenting groundwater supplies, especially in sub-Sahara Africa where
increasing human population, industrialization and changing lifestyles require abundant water supplies but which are
not readily available. The development of underground dams is, however, limited by the lack of information on its
design and construction of the dams. Many underground dams have been constructed and managed in some countries
but the engineering design and construction are more of an art; based on the experience and practice of the particular
construction company. Cases have been reported where the desired underground storage was never achieved because of
poor design and construction and which thus led to the leakage of the stored groundwater.

The purpose of the thesis, therefore, was to collect and collate information and data on underground dams of the
world, to test some design and construction concepts, and to propose methods for improving on the design and
construction of underground dams. To achieve the above-mentioned objectives, both desk-top and laboratory activities
were carried out. The presented work is in basic theoretical but the scope has also been to acknowledge some practical
aspects of effective porosity and grouting for underground dam construction.

The concepts of underground dam, effective porosity and grouting were reviewed. The basic concept, types, the
advantages and disadvantages, the requisite site conditions, and the utilization of underground dam as water supply
systems in Japan, India, South Korea, Burkina Faso, Tanzania, Brazil, Europe and the Americas; and previous research
works on underground dams are presented. This is followed with a review of effective porosity, as an important
concept in saturated-unsaturated fluid flow and in determining the storage capacity of underground dams, among others.
Then, a review of grouting of underground structures was carried out. From the review, it was found that major
construction problems are related to water loss by seepage through the dam wall which is likely to be caused by stored
groundwater seeping through the bedrock because the bedrock is very permeable to water, the dam wall not extending
well enough into the relatively impermeable layer below and poor construction of the cutoff walls; thus leaving gaps
between the mixed soil-cement columns or grouted columns forming the walls.

Effective porosity is an important concept in determining the radius of action of grouts. However, methods for it
determination are not evident. Therefore, methods for determining the effective porosity of porous media under
saturated-unsaturated conditions are proposed and the results of one dimensional horizontal laboratory injection tests
on the validity of the proposed method are presented. Furthermore, the radius of action of chemical grouts and the use
of such grouts for the construction of the cut-off wall of underground dams was investigated. The validity of the
mathematical relationships involved was tested in the laboratory and the results also presented.

The general conclusions of the thesis and recommendations for future research on the design, construction and

utilization of underground dams; the concept of effective porosity, degree of saturation and chemical grouting are
presented.
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