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Abstract

In Sri Lanka rainwater catchment has been traditionally used in the wet as well as the dry zones. Owing to the high cost of storage tank covers, extraction pumps, first flush devices and guttering, most systems remain under-utilised. In 1995, I supervised an action research study on the feasibility of rainwater harvesting under the World Bank assisted Community Water Supply and Sanitation Project.

This study resulted in incorporating rainwater harvesting into official water supply schemes. Since then, thousands of rural domestic water supply systems have been using rainwater harvesting. Among the technologies that have resulted are the low cost reliable storage tank covers made of ferrocement and clay bricks, a low cost low head extraction pump, made of PVC parts used to extract water from underground tanks, simple semiautomatic first flush devices and simple guttering. This paper describes these technologies, which will improve the quality of rainwater harvesting while keeping the costs reasonable. This will allow low-income communities for whom rainwater harvesting seems the best option for domestic water supply to apply this system.

Introduction


















Rainwater harvesting has been traditionally used in Sri Lanka both in the wet zone as well as in the dry zone of the country. However, owing to the high cost of storage tank covers, extraction pumps, first flush devices and guttering, most systems remain under-utilised. In 1995 for the first time in Sri Lanka, an action research study of the feasibility on rainwater harvesting for domestic use was conducted under the World Bank assisted, Community Water Supply and Sanitation Project, implemented by the Ministry of Housing and Construction and the author of this paper co-ordinated the study. This study incorporated rainwater harvesting into official water supply schemes in the country. Thousands of rural domestic water supply systems have since been using rainwater harvesting. 












Among the technologies that have resulted are the low cost tank covers, made of ordinary clay bricks and ferrocement; a low cost extraction pump made of PVC pipes and fittings; a semiautomatic first flush device; and simple guttering. This paper describes these technologies which will be able to improve the quality of rainwater harvesting, within reasonable costs, which in turn will enable it to be applied to low income communities where rainwater harvesting makes the best option in domestic water supply. 












Low cost tank covers

Brick Dome Type:

The objective is to build a tank cover in the shape of a dome using ordinary clay bricks, without the use of steel. In spite of the low cost of this material, this age-old method of construction is not widely used due to lack of appropriate construction techniques. 













A very practical construction technique to construct a brick dome type tank roof is discussed as follows
























Construction Steps

















The brick dome is built on a circular base, which in this case can be the top of a circular tank. If the tank is built below ground, this circular base need not be reinforced. As tools, normal masons tools are adequate. In addition, there is need to prepare two wooden sticks. Each should have a `L’ notch on one side and a `V’ shape on the other side. The diameter of the tank can range up to nine feet (2.75 meters) comfortably.














Step 1:

Prepare two wooden sticks each with a length equal to 2/3 the length of the tank internal diameter. (One end to have a `L’ shape and the other end to have a `V’ shape)







 

Step2: 

Plant an iron crowbar vertically in the centre of the tank (there should be provision for this). 








 
Step 3: 

Keep the `L’ shape end of the stick to the mouth of the tank and the `V’ shape on the crowbar and mark the point. 







Step4: 
Tie a rope knot on the marked point so that the end of the stick can rest on it. 













Step. 5:

Place the first brick on the mouth of the tank and support it with one of the sticks and rest the `V’ end of the stick on the rope knot on the crowbar. A rich cement sand mortar is used to join the brick to the tank mouth.




Step6: 

Place a second brick next to the first brick using the second stick. A rich mortar is used to join the brick to the tank mouth and the first brick.



Step 7: 

Place the third brick next to the second brick the same way. Here, while supporting the second brick with the left hand the second stick is removed from the second brick and is used to support the third brick. The brick mortar is used to join the third brick to the tank mouth and the second brick.





Step8: 

Remaining bricks are laid the same way as the second brick, and once the full round is done, a key is placed between the first and last bricks to lock the brick round and the two sticks are removed. 






Step9: 

The second and the remaining rounds are done the same way as the first round, till the roof is complete. It is possible to leave an opening for service use at the centre of the tank. 








Step 10: 

The bricks lying over the outside and inside of the brick dome are plastered once, giving it very good strength. 




















The end product is a very aesthetic tank cover. 







Ferrocement Type Tank Cover




















This type of tank cover is mainly used for tanks built out of ferrocement. It is also possible to build the cover of the tank only using this technique with some adaptations. 







As a special tool a re-usable iron skeleton made of ¾ inch flat iron is necessary. In Sri Lanka village workshops are able to fabricate these. A full set consisting of eight or ten vertical legs and a top ring costs less than US $100 and can be used very many times, making the cost per tank very small. 






















Construction steps
























Step 1.

Fabricate the legs of the skeleton mould set. 






Step 2. 
Put the base foundation of the tank






Step 3. 
Plant the vertical legs on the foundation base, using the hole in the foot of the leg to fit into a pre-cast protruding bolt found in the base. The flat iron ring made to the size of the required tank opening is placed into the notches found on the top of the legs to make the skeleton stable. 


Step 4. 
Place 6mm. diameter steel wire around the outside of the legs horizontally, and tie with binding wire to obtain the curved shape of the tank cover. (and tank). 









Step 5. 
Tie two layers of half-inch chicken wire net around the skeleton. 



Step 6. 
Plaster the outside of the net with cement sand mortar. 




Step.7. 
Remove the skeleton and the 6mm. diameter steel wire from inside the tank, through the tank opening. 

Step 8. 
Plaster the inside of the tank.











The result is a tank and a cover made of 40mm. thick cement sand mortar and two layers of half inch chicken wire mesh. 









In Sri Lanka, tanks of capacity up to 7.5 cubic meters with covers are made this way and has been in use since 1995.























Hand Pump

This pump can be made with little effort using materials found in most village hardware shops in Sri Lanka. 

The suction head of the pump is limited but works well to extract water from underground rainwater harvesting collection tanks. The cost is only about a third that of similar types of pumps.














The pump is made of PVC pipes and fittings. In the suction pipe line a foot valve is fixed to the end placed inside the tank. At the other end a reducer is used to fix a larger diameter pipe which works as the cylinder of the pump. A plunger is prepared separately out of a smaller diameter pipe. To one end of this pipe an end cup is fixed. The size of the end cap needs to be slightly smaller than the cylinder. 














To pump water first the suction pipe is filled with water and the plunger with its end cap end is put into the cylinder and by simply moving the plunger up and down water can be pumped. This pump is long lasting as it needs no replaceable parts. There are hundreds of these types of tanks now in use in rural Sri Lanka. 






Semiautomatic first-flush





















It is possible to fabricate a semiautomatic noiseless, first-flush by simply adding an extra downpipe with a cap to its bottom end. The cap should have a small hole. Water from the gutter is made to enter this downpipe first and its bottom end should be capped with the cap with the hole. Once this downpipe is full, its overflow is collected in the rainwater collection tank. If it takes long period of time for it to rain again, the water in the first downpipe will leak out of the small hole in the cap, making it ready to flush the first rain again. 












Any leaves etc., should be screened from entering the downpipe, or the lid of the downpipe can be opened to clean out any matter collected in it. By increasing the length of the downpipe or including an additional chamber, the quantity of the first-flush can be increased as needed. 

Simple guttering
























For small roof catchments, very simple guttering can be produced by




- simply cutting a downpipe in two







- sending two nylon ropes through, for example an 8 inch wide polythene tube.

It is possible to buy UV resistant polythene tube or very low cost ordinary polythene tubes for this. To install the gutter, all what needs to be done is to tie the four ends of the nylon ropes at the edge of the roof eves, so that the rainwater from the roof is led to the downpipe sprout.







