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S COMPAP™G SAND-STORAT™ “AM“ WITH
vur oN-SUxFACE DAMS

Sand-storage dams were initially constructed as an alternative to storing water in conventional
open reservoirs (Lau and Stern, 1990). The high evaporation and siltation rates which are
symptomatic of Namibia’s arid to semi-arid climate have a major impact on any open-storage
dam. In this chapter a comparison is presented between the storage of water in sand-storage
dams, with that of conventional open-storage dams. These two methods of water storage are
compared under the following criteria:

Q Storage efficiency

O Economic feasibility

O Water Quality

 Storage Volume

S.1 Storage Efficiency

The foremost advantage of sand storage dams over conventional open-storage dams is that
they have an excellent efficiency of storage. According to studies done at the Swakop River by
Helwig (1973), the evaporation rate from a saturated sand surface was found to be
approximately 8 % less than from an open water surface. Lowering the water table by 0.3m
below the sand surface reduced the evaporation rates from a fine sand to 50% of that from an
open water surface. The corresponding figure when keeping the water level at 0.6m in
medium sand was 10%. The relation between evaporation and depth of water table is shown in
Figure 5.1. From this figure it is clear that the particle size has an influence on evaporation
losses, with fine particles having a greater capillary action, and hence having higher
evaporation rates than coarse particles. This further stresses the importance of avoiding the

deposition of fine particles on the surface of the sand-storage dam.
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The example presented above has been developed for a relatively la-—~ storage structure. A
sand-stcrage dam at a height of 12m would be more effectively used as a source of bulk water
supply. Sand-storage dams constructed for rural water supply generally tend to be smaller.
This was observed by Burger and Beaumont (1970) who found that the height of the majority
of rural sand-storage dams, which were on record and were providing reliable supplies for
stock watering points, were in the 2.5m - 4m range. As the efficiency of open-storage dams
drops sharply with reduced depth of storage, becoming negligible for depths below 8 meters
(Ibid.), it becomes clear that developing open-storage dams for rural water supply would

result in a highly inefficient utilisation of Namibia’s scarce water resources.

5.2 Economic Feasibility

After showing that under conditions specific to Namibia, sand-storage dams store water more -
efficiently than conventional open-storage dams, Burger and Beaumont (1970) further
expanded their case study by calculating the estimated costs of developing each of the
alternatives as a source of drinking water supply. Although these costs are now obsolete, this
comparison provides a good example of the principles on which sand-storage dams were
developed. A quantitative value is given to the long-term efficient storage of water in

sand-storage dams, as compared to open-storage under high evaporation and siltation rates.

For the purpose of the exercise, Burger and Beaumont (1970) assumed that similar wall
structures were to be built for both options, and that the both dams are sited under the same
conditions. The actual costs used in this example were taken from an example of a dam which
had recently been build in the Kaokoveld, the Munemohoro No.1 dam.

An important element which needs to be considered in a cash flow analysis of a dam,
especially in a sand-storage dam, is the rate of fill, and thus the total time of delay before full
capacity is reached. In this regard it was accepted that the construction costs of the staged
ca ction of the sand orag dam would be more expensive, as the construction site would
have to be re-established at every raising of the dam wall. In the example it was assumed that
the sand-storage dam would be completed in four stages over 8 years, and that it would take
12 years for the dam to come to full capacity. On this basis the total capital outlay for the
sand-storage dam was R 113 000 against R 95 000 for a conventional dam.
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As these dams were being developed to provii drinking wa , it was calculated that the
water from the open-storage dam would have to be purified at a cost of 4 cents/m’. The water
extracted from the sand-storage dam has been deemed to have been purified during the
infiltration process, and protected from pollution during storage, as such it does not require

purification.

A value has also been placed on the storage efficiency of the sand-storage dam. The water
which the sand-storage dam makes available for downstream users, which would otherwise
have been lost due to evaporation in an open-storage dam, has been valued at 0.2 cents/m’.
The life expectancy of the conventional open-storage dam, under Namibian siltation
conditions, was not expected to be higher than 30 years. The sand-storage dam, on the other
hand, is expected to yield a constant water supply for considerably more than 30 years.

In order to prepare a cash flow analysis due regard had to be given to the cost of capital and
the time value of money. For this example a rate of 6% was assumed for the cost of capital.
The full cash flow analysis is presented in Table 5.2. Keeping in mind that 1970 prices are
being used at a discount rate of 6% for a relatively large, commercially constructed drinking
water supply, the foillowing results were drawn:

QO The cost of water for the sand-storage project is 24.7 cents/m’

Q The cost of water for the conventional dam is 32.4 cents/m’

From this example, in which the cost of using a sand-storage dam is about 75% that of a
conventional open-storage dam, it becomes clear that under Namibian conditions storing
water in conventional reservoirs is not economically sustainable when costed over the

expected lifespan of the dam.
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