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Abstract
We proposed and evaluated different options for a cistern of a “typical” house on San Andrés, Colombia, a very small island (27 km²) in the Caribbean facing Nicaragua's coast. On San Andrés, underground water supplies are very limited and the geologic conditions for storing surface water are not favorable.

We have carried out an economic study for the different storage alternatives to determine the most suitable material for the construction of the cisterns, be they concrete, modular, polyethylene or wood. 5 people inhabit a "typical" San Andrés house. We calculate a gathering area of 75 m² and an optimal cistern volume of 20 m³.
Rainwater storage alternatives 

Concrete cistern 

The best way to get a bigger area using a minimum of construction materials is the circumference. But due to the difficulty of constructing cylindrical cisterns and since they are not adjusted to the urban development patterns, this cistern is build as a rectangle, in such a way that it can change the shape according to the available space. 

To estimate the dimensions of the cistern, side of the cube (tank) to be build, we have to get the third root of the storage volume, for a “typical” house: 


[image: image2.bmp] 

The cistern will be a cube with a side of 2.7 m. 

One part cement mixed with two parts of sand and three parts of gravel (1:2:3) is used for the construction guaranteeing the strength of the cistern. The structure doesn't have steel bars, because of the salt in the environment. With time this material will be oxidized breaking the walls of the cistern.
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Fig 1. Concrete cistern. 

On San Andrés Island this storage system costs US $ 1,000.-- 

Modular cistern 

The modular cistern consists of a series of interconnected plastic tanks, adjusting the stored volume to the requirements of the house. The proposed system is formed by 12 plastic tanks of 1500 liter each, interconnected by PVC tubes. On San Andrés Island this storage system has a total cost of US $1,450.-- 

Polyethylene cistern.

This tank is made of polyethylene and has a storage capacity of 10.5 m³. It can be accessed from the top allowing maintenance and cleaning. This is an option to consider due to its easy and fast installation.

Fig 2. Polyethylene cistern.


On San Andrés Island this storage system has a total cost of US $ 4,350.--

Wood cistern 

Photographic records show that this technology was broadly used in the past, but changes in the traditions and the difficulty to obtain hard wood relegated. Currently none of these cisterns are in use. 

The wood for the making of this cistern needs to be cut precisely. No nails, screws or glue are used - and the rigidity of the structure is achieved with the help of a metal ring wrapped around the cistern. When the cistern is wet the wood increases its volume sealing it perfectly and making it waterproof. 

The design of a 20 m³ of capacity wood cistern is shown. In order to save wood, the radius of the base should have the same dimensions as the height, however the dimensions can change according to the available area. 

Fig 3. Upper view of the wood cistern.


Fig 4. Front view of the wood cistern.


Fig 5. Detail of each of the 99 pieces of wood of the cistern. 



Cut A - A 

Since the cistern remains wet all the time, it is recommended to use hard woods like cedar or mahogany to guarantee the cistern's durability. On San Andrés Island this storage system has an estimated cost of US $ 1,600.--

Economic analysis 

Compared with other drinkable water supply systems, the storage of rainwater requires considerable capital. Most families lack these financial possibilities. There are neither connection fees nor monthly rate payments. For the rainwater system the user has to pay the equivalent of 20 or 30 years of supply in the first year, which makes this technology less attractive. 

Table 1. Cost per m³ during the whole life of the cistern. 

System 
Useful time
m³/year
total m³
Cost of the cistern
cost/m³

U.S

Concrete cistern 
30
70
2100
1000
0.48

Modular cistern 
15
70
1050
1450
1.38

Polyethylene cistern 
15
70
1050
4350
4.14

Wood cistern 
15
70
1050
1600
1.52

Selection of the system to implement 

The modular cistern is the least attractive due to the high area requirements and the high economic costs. The polyethylene cistern, in spite of the high costs, is an attractive option due to the fast and easy installation, and for being a "mobile" system. This is very useful on the island since most people are renting and are therefore not willing to invest in fixed systems. The wood cisterns, due to their relative low cost and their mobility are a very reasonable option. 

Unfortunately neither skilled carpenters nor the required hard woods are available on the island for building wood cisterns. The concrete cistern, in spite of being fixed, presents the smallest cost per m³ of water and there are skilled artisans trained in their construction.

Table2. Characteristic of the cisterns. 

Cistern
Advantages
Disadvantages

Modular cistern

Space requirements, costs 

Polyethylene cistern
Mobility 
Costs 

Wood cistern 
Mobility, costs, space 
Construction difficulty. 

Concrete cistern
Costs, duration 
Is not mobile, cracks if not used 

Conclusions 

If one keeps in mind that the costs per m³ of a rainwater system is less than the costs of desalinating water, that it has the best quality and that it doesn't have polluting byproducts, it's clear why this type of project should be promoted to make up for the current deficit of drinking water on the island

The use of rainwater, in spite of the high costs per m³, remains an option for the community. This system allows people to have control over it, in contrast to the public systems, which have a low reliability due to the frequent interruptions.

Rainwater harvesting is an alternative to implement sustainable systems where other alternatives have reduced technical, economic, environmental or social viability. 
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