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Rotary Club of Nakuru

Operations and Maintenance Training Manual

On

Rainwater Harvesting Tanks
The development of a good water and sanitation system involves many factors. The technical, environmental, economic and cultural aspects of such projects must be well coordinated if the projects are to succeed. No system however well designed and constructed will benefit its users if it will not be reliable, is improperly operated and maintained or if it is socially unacceptable and so not used.

Operation and Maintenance Checklist

Preliminary considerations

Success of and O & M of a System depends on the choice of the technology, its design and workmanship. Rainwater harvesting roof catchment and ferrocement technology of providing water to scattered rural communities is a cost effective water supply technical option. The following roof catchment and tank system has the following components to be considered.

•
The roof catchment.

•
Conveyance system the gutters 

•
Tank body

•
Tank site

Roof Catchment

Choice of the roofing material is important. In 99% of the roof being used are made of Zinc coated corrugated iron.

1.
It is important that painting for beauty or because rusting has taken place should be avoided. This part may introduce pollution.

2.
Ensure that there are no overhanging tree branches over the tank. This will stop leaves and birds droppings from reaching the tank.

3.
Keep the roof clean particularly just before the rain season begins.

Transmission System (the gutters)
1.
Keep the gutters clean of the branches insects small dead animals.

2.
Ensure the gutters are securely fixed to avoid falling off or losing their slope.

3.
Ensure that the gutters are big enough to take the storm (at least 100sq. cm) 

4.
Ensure that your gutters collect all water harvested and should avoid cases of overshooting, overflowing and back flowing.

5.
Repair leaking gutter joints using approved safe bituminous sealant.

The Tank Body

1. Choose a site away from dangerous trees like eucalyptus and paper tree which are known to undermine a tank even at a 30m Distance away.

2. You should do a root pruning around the tank.

3. Building the tank foundation and the body should be done using approved proper material. Particularly the sand should be preferably the river sand.

4. Materials should be used in the right ratios and at all the time good workmanship must be maintained
5.
Tank curing is a must and should be done for a minimum of 21 days.

6.
The roof supporting material can be removed after 21 days the tank then cleaned and disinfected.

7.
The disinfectant being used should be the ordinary home Jik mixed at one litre fin a 200 litre drum.

8.
Cleaning and disinfecting the tank should be repeated once every year particularly just before the onset of the rains.

9.
Water standing in a tank allows particles to settle at the bottom of tile tank and accumulate there. This water should not be allowed to flow out and be used through the out let pipe. To achieve this maintain a level of about 6 inches of water as dead storage.

10.
This dead storage created also other benefits like maintaining constantly certain volume of water in the tank. This water maintains presence of water in the tank all the time and therefore keeping the tank gaining strength all the time.

11.
Care must be taken to stop entry into the tank of all leaves insects and dead animals. This is possible if through systems like first flush separator is fixed. However experience has shown that use of a sand bed sieve (30 x 30 x 10 crn) is placed at the inlet of the water tank.

12
Ensure drainage around the tank is maintained to avoid mosquito breeding

Leakage Problems Of The tanks

1.
The foundation should be protected from damage by tree roots and harmful acids from the soils by using a layer of polythene sheet. The polythene sheet will also prevent loss of cement during concreting of the foundation by leaching.

2.
Should leakage develop due to non-structural way like hair cracks such a problem can be addressed successfully by replacing cement screed and final cement solution with another flesh layer or cleaning the tank and applying two coats of the bituminous paint.

3.
Apply white wash (lime solution) on the wall to slow rate of setting and reflecting heat away.
Tips on making strong ferrocement 
Cement:

Cement bonds and hardens in the presence of water. Therefore careful storage is critical to avoid moisture reaching cement before use. The bags of cement should be stored in a closely packed pile no more than 10 bags high (more than 10 the bottom will burst ) The pile should be on a raised platform in a room with little air circulation In a room with open windows or doors, cover the pile with plastic sheeting As bagged cement ages and absorbs water from the air, it becomes lumpy. If lumpy cement is used its proportion should be increased by half

Water:
Water that is fit for drinking is usually fit for mixing cement. Clay, silt, salt, mica or organic matter in the water will weaken concrete and ferrocement as will certain invisible chemicals You can test the quality of an unknown water by comparing if water known to be good

When mixing plaster or concrete, add only enough water to make the mix workable It should not be shiny. Excess water will weaken the cement if an extra 10% of water is used, then the strength of the plaster or concrete will be reduced by 15% If extra 50% of water is used, then the strength is reduced by 50% Use as little water as possible. mixing, but be generous with water once the plaster has set ( four hours) to ensure hardening. Once plaster dries hardening stops.

See below a chart that show amount of time and percentage of hardness
	Amount of Time
	% age of hardening

	3 days
	20

	7 days
	45

	28 days
	60

	3 months
	85

	6 Months
	95

	1 year
	99


Sand:
Sand should he well graded (have grains of, many sizes) so You may need to mix coarse and fine sand together Sand must also be clean because like water it may have some impurities that weaken the cement bond such as clay silt mica and organic matter Dirty sand can be washed by repeatedly rinsing with water ]'here are two easy field tests for determining if the sand needs to be washed

1 Rub a moist handful of sand between your palms. Suitable sand will leave hands only slightly dirty.

2 fill a clear glass container halfway with sand. Then fill to three-quarter full with water Shake the glass vigorously and then allow it to sit, undisturbed, for I hour. The sand settles immediately, and any silt and clay settle as a dense layer on top (usually darker than the sand). This layer should not be more than 6 ° o or one in seventeen (1 in 17)

When measuring sand note whether the sand is dry or damp Damp sand that contains 5-6% of water may have an increase in volume of over 30%. Additional water content reduces the bulking and saturates sand occupies nearly the same volume as dry sand There fore when using slightly damp sand, add an extra amount. Very damp sand measures as if it is dry

Mixing:

Measurement by weight is the most accurate, but measurement by volume is more practical at construction sites and will suffice if done carefully. Measuring by shovel full is not accurate A bucket should be used for measuring portions of sand and cement (and gravel, in concrete) in order to achieve enough accuracy for a strong and relatively homogeneous mix.

Reinforcement:
The cement bond is easily broken by forces, which pull it apart (tensile stresses) Thus it is necessary to use a material like steel inside the concrete or plaster for large water tanks The weight of the water will stretch the tank walls. Barbed wire of weld mesh is heavy enough steel to withstand the stress and hold the tank together. (Straight wire can be used in place of barbed wire but the barbs grab onto the plaster and the two twisting wires are stronger than a single wire) The chicken wire helps hold the plaster together between the stronger wire.

Although the soil helps support the weight of the water even the ground hemispherical tanks will stretch when full. Hard rocky soils provide better support, but loose or sandy soils should have more reinforcement (barbed wire) in the tank.

Standing water tanks receive the most tensile stress in the bottom one third from the bottom up the wall and in the joint between the floor and wall. Extra reinforcement wires in the wall and joint, and thickening the plaster at the joint, has proven to prevent cracking at these points of stress.

Siting the tank

The tank should be situated in the lowest part of the best catchment area below a slope of rock or soil with vegetation is best. It should not be in a basin or a riverbed No trees should be growing near the tank, to avoid damage by roots If the water will be used for irrigation, it is convenient for the tank to be situated above the garden to gravity fed the water to crops without a pump

Soil with a fair amount of clay in it is best. The rock is hard to dig out but plovides the strongest foundation Soft sandy soil should be avoided if possible, otherwise use extra barbed wire reinforcement. Or BRC wire mesh Lining the tank with mortared bricks before constructing the reinforcement will also strengthen it Enlarging the concrete filled, reinforced trench around tile perimeter of the tank will also provide extra protection from moving soil

Season Concerns

You will encounter different difficulties during tile rainy season thann during the dry season Anticipate these

The biggest problem in the dry season is having adequate water to keep the plaster wet, and protecting the plaster from the hot sun. Cement cures (hardens) in the presence of water and if it dries prematurely, then the plaster never get strong and is likely to crack Therefore in the dry season it is essential to have extra water at the construction site, and enough plastic sheeting to cover the entire surface of the tank. Splash water on the set plaster at least three or four times a day for one month 21 day minimum but aim at 28 days when the tank will have attained at least 60% strength.
After construction of the tank:
If your tank is properly constructed and cured it should last at least 30 years. Mai ntenance is minimal. Once every year or two the tank should be drained completely and all accumulated soil removed. To drain the tank climb inside and remove the short pipe nipple with a pipe spanner. Then, outside remove, the plug from the pipe tee and all the water will drain way. Any soil remaining on the tank floor can be removed with a shovel This will assure that water taken from the top is as clean as possible.

If the tank wall cracks and water leaks from it, it can easily be repaired Using a cold chisel and hammer, cut away the plaster alongside the crack on the inside of the tank. Chisel away 3 cm of plaster on each side, down to the wires. Then mix a 1 3 (cement : sand) plaster and carefully fill in the cut away section Finish by toweling on a thick coat of nil. Water proofing cement additives may also be used Keep the repaired damp for 3 weeks.

Inspection

The inspection team will ask these questions when they come to investigate Quality of the tanks

1.
Was the tank carefully sited in the compound and in a firm stable soil?

2.
Was the cement stored on a platform, covered in a shed, protected from moisture?

3
Were there no lumps in any of the cement when the bags were opened?

4.
Was the sand used in the cement plaster clean?

5
Was the cement and sand mixed thoroughly until the mixture was all one color, before adding water?

6.
Was the water used in the cement plaster clean?

7.
Was the plaster fairly dry, with just enough water added to make it stick together?

8.
Was there no more plaster mixed than could be used within one hour?

9.
Did the chicken wire overlap by at least 15 cm?

10. Was the final coat of plaster trawled on smooth?

11. Was the final coat of nil pressed firmly with steel?

12. Is there more metal reinforcement, protruding from the finished plaster

13. Are there no cracks in the nil layer than 5cms after one week of curing?

14. Was the tank splashed with water 4 hours after each of the plaster or nil, and covered with plastic sheeting, and kept moist, never allowing the cement to dry to a light gray color until for curing for at least 4 weeks?

BILL OF QUANTITIES FOR 10m3 (10,000 litres) MASONARY TANK

(3M DIAMETER X 2M HEIGHT)

A: ROTARY CLUB OF NAKURU FUNDED TANK

EXCHANGE RATE : @ 1US$ TO KSH 64.25 (3 Dec. 2007)
	
	MATERIAL
	QUANTITY
	@ IN KSH
	AMOUNT IN KSH
	AMOUNT IN US$

	1
	CEMENT
	20 BAGS
	700
	14,000
	217.90

	2
	BRC 66
	0.25
	8,000
	2,000
	31.13

	3
	LIME
	1 BAG
	350
	350
	5.45

	4
	BLACK BINDING WIRE
	6 KGS
	90
	540
	8.40

	5
	CHICKEN WIRE
	½ ROLL
	2,160
	1,080
	16.81

	6
	DRAW PIPE :3/4 & FITTINGS
	1 UNIT
	1,250
	1,250
	19.46

	7
	GI PIPE ½” 
	2 M
	950
	1,900
	29.57

	8
	MANHOLE COVER 20” X 20”
	1 UNIT
	1,550
	1,550
	24.12

	9
	POLYTHENE SHEET 1000G
	8M
	781
	6,250
	97.28

	10
	COFFEE TRAY
	1M
	300
	300
	4.67

	11
	PVC PIPE 4” X 20
	3M
	250
	750
	11.67

	12
	PAINT
	½ Ltr
	500
	250
	3.89

	13
	TECHNICAL ASSISTANCE
	
	
	4,000
	62.26

	
	Total
	
	
	34,220
	532.60


B: GROUPS CONTRIBUTION

	
	MATERIAL
	QUANTITY
	@ IN KSH
	AMOUNT IN KSH
	AMOUNT IN US$

	1
	COMMITMENT FEE TO ROTARY
	Per Tank
	5,000
	5,000
	

	2
	FLAT SHEET G 28 (GUTTERS)
	2 SHEETS
	600
	1,200
	

	3
	SISAL STRING
	1 KG
	100
	100
	

	4
	EMPTY SACKS (90KG)
	6 SACKS
	30
	180
	

	5
	MASONARY STONES
	230FT
	
	3,000
	

	6
	SAND
	7 TONS
	
	3,000
	

	7
	BALLAST (GRAVEL)
	1.5 TONS
	500
	750
	

	8
	HARDCORE
	5 TONS
	300
	1,500
	

	9
	WATER
	8 DRUMS
	50
	400
	

	10
	FOOD
	7 DAYS
	
	500
	

	11
	ROOFING PROPS – 7 FEET
	40 PIECES
	40
	1,600
	

	12
	NAILS 2” & 3”
	1 KG
	80
	80
	

	13
	UNSKILLED LABOUR (CASUALS)
	5 WOMEN X 7 DAYS
	200
	7000
	

	14
	SKILLED LABOUR (ARTISANS)
	
	
	4,000
	

	15
	SKILLED LABOUR (GUTTER)
	
	
	600
	

	
	Total
	
	
	28,410
	


A. Rotary contribution is $387

B. Groups contribution is $395

Total cost of tank is $782

This document is one of a series prepared by Carol W. Kaguathi and the Facilitating Team of the Rotary Nakuru Rainwater Harvesting Initiative.

Please address any comments or requests for further information to

 carol@d9200.rotary-rhi.org
c/o Rotary Club of Nakuru

P.O. Box 709

Nakuru

Kenya
