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Abstract
Technical volunteers of the Mennonite Central Committee (MCC), a Non-Governmental Organisation sponsored by the Mennonite churches of North America, have worked in the semiarid region of Northeast Brazil since 1968. In the late 1970’s, they developed forms and a process for the construction of concrete cisterns as an appropriate technology for the catchment and storage of rainwater. The easy to use technology has been used to construct over 2,000 cisterns and line many hand-dug wells. There is no need for a professional mason or engineer to oversee the work; thus it is perfect for communities to use on their own. 

The capacity of a 6 tube (ring) circular cistern is 15.000 L of potable rainwater, collected from rural buildings using eavestroughing. This amount is enough to supply a family of 8 for 250 days using 7.5 L per person per day. The advantage of this technology is that the force of the water is equal on the wall, unlike that of a rectangular cistern, where the water force is greater on the corners, often causing leaks. The construction of these cisterns uses a set of dismountable metal moulds which have a height of 50 cm, a diameter of 2.5 m and leave a wall spacing of 8 cm. The construction time period is seven days. The material costs are approximately US$ 250.00, which may be entirely supplied by the family, or partly subsidised. The labour for the cisterns is supplied by the families, using the work bee method where 2 to 3 families construct one family’s cistern, and then together construct the next family’s cistern using the same form, which is passed from house to house. This results in the family feeling a higher degree of ownership and responsibility for the cistern.
Introduction

Origin:


In 1980 an alternative technology for the construction of rainwater cisterns was

developed by technical workers of the Mennonite Central Committee (MCC), a Non-

Governmental Organisation sponsored by the Mennonite churches of North America. 

Over the years this easy-to-use technology has been used to construct over 2,000

cisterns and line many hand-dug wells. 
Description:


The family-size cisterns are cylindrical. With the use of a metal form, concrete tubes

are constructed on top of each other. Two or three families form a workbee to

construct a cistern. It takes one week to construct a cistern. The same form is then

passed on to the home where the next cistern will be constructed. The form may 

also be used to construct rings to line hand-dug wells. The following materials are

used: cement, sand, gravel and reinforcing steel, as well as eavestroughing. 
Experiences:


This experience has been used successfully to construct several thousand cisterns in many counties in Pernambuco and Paraíba states, both located in the Brazilian Northeast region. 

1. Advantages of the circular cistern technology over the traditional rectangular cistern technology

2. Circular cisterns are more secure, never bursting. Rectangular cisterns crack, if not well constructed.

3. With the same funds, more families are benefited. Normally conventional cisterns are quite large (50 m3) which cost in the range of US$ 570.00. The round cisterns, being smaller (15 m3) are more economical: material costs are approximately US$ 174.00 (including eavestroughing). 

4. It is not necessary to construct a 50 m3 cistern (conventional rectangular size).

To fill a 50 m3 cistern an 83 m2 (8 m x 10.4 m) catchment area is necessary – a very large building – assuming annual precipitation of 0.6 m (600 mm). If the cistern’s purpose is to store water that is trucked in during a drought, 7 loads (x 7,000 L) never arrive at once.

A 15 m3 cistern is sufficient for two to three families. (15,000 L ( 180 day dry season = 83 L/day. 83 L/day ( 5 L/person/day = 16 persons).

5. Easy-to-use technology. There is no need for a professional mason or engineer to oversee the work; thus it is perfect for communities to use on their own. A conventional rectangular cistern requires a mason.

6. Rapid construction. One cistern is constructed in a week’s time. A conventional cistern takes from three to four weeks to be constructed.

7. This technology permits the construction of cisterns in large scale. One form may construct 36 cisterns in one year. With the acquisition of many forms hundreds of cisterns may be constructed in a short period of time.

Cistern Capacity 

The volume of each tube having a 2.5 m diameter and 0.5 m height is the following:

V
= ( r2h
 = (3.14)(1.25)2(0.5) = 2.5m3 
The capacity of a cistern with 4 tubes is 10,000 litres; of 5 tubes is 12,500 litres; and of 6 tubes is 15,000 litres.

A cistern with six tubes holds two water truck loads (of 7,000 L each). Eight tube cisterns have already been constructed (20,000 L capacity).

House roof as the rain catchment area
An average size house tile roof has a 50 m2 catchment area, if water is caught on both sides of the house. In a semiarid region where the average annual precipitation is 600 mm (0.6 m), 50 m2 of catchment area will store 30 m3 of rainwater (50 m2 x 0.6 m = 30 m3 ). Being that rainwater will be used gradually, 15 m3 of volume is sufficient.

Water consumed by one family

In the rainy season there is plenty of water available. Thus the stored water will be reserved for the six months of dry season = 180 days. 15,000 L ( 180 days = 83 L/day = 4.6 buckets/day. 83L/day ( 5 persons/household = 16 L/person/day. This volume of water is sufficient for drinking and cooking purposes, being that water for livestock, bathing, laundry, etc., is supplied from ponds and dams.

The Metal Forms

The forms are fabricated in welding shops. A good welding shop is able to fabricate a new form, using an existing form as a model. A 2.5 m form costs in the range of US$570.00, which includes the cost of the beam form.
The forms are dismountable. They are transported from one location to another on ox carts. A pick-up truck can transport up to three sets of forms at once.

The inner part of the form has three segments, as does the outer part of the form. The form is mounted using vertical metal pins (inner part) and bolts (outer part). The thickness of the cistern wall (determined by the space between the inner and outer forms) is 8 cm. A beam form (2.6 m long) is used for the construction of two beams used to support the lid. A set of forms, if well cared for (bathed with motor oil after the construction of each cistern) lasts an indefinite period of time. If used constantly going immediately from one cistern to the next, one form can construct three cisterns per month, or 36 cisterns per year.
Material necessary

Tools: level, hacksaw, pliers, ruler, trowel, etc.

Sand: clean, taken from a stream bed, without organic or clay particles and sieved.

Gravel (N.º 25): The rock can be crushed locally or purchased from a com. crusher.

Portland Cement: should be fresh and powdery. 

Reinforcing steel: a 3/16” or 5.0 mm thickness is best. Make sure it is not rusty. 

Black wire (N.º 18): is used to wire the reinforcing steel of the base and lid.

Motor oil: to oil the form so the concrete does not stick; helps prevent rusting of form. 

Tap of ¾”: A PVC threaded sleeve and pipe is placed in the wall of the first tube of the cistern for posterior screwing in of the tap for the removal of water from the cistern. Normally aluminium and piping is supplied for the eavestroughing and downspouting.

Aluminium –
purchased in 60 cm width rolls and divided into two 30 cm rolls. Each

household receives the necessary length (15 m) to make their own eavestroughing. 

15 m weighs approximately 7 kg.

PVC Piping – 100 mm diameter. Used as downspouting to connect the

eavestroughing from both sides of the house to the cistern. The quantity necessary

depends on the distance of the cistern from the house, usually no more than 12 m.

Budget – Materials necessary for the construction of a 15 m3 capacity cistern.

Material
Quantity
Unit Price
Total Price

Portland Cement 50 kg 
16
sacks
US$ 3.70
US$ 59.00

Reinforcing steel 5.0
50
kg
US$ 0.50
US$ 25.00

Gravel N.º 25 
2
m3
US$ 7.15
US$ 34.30

Black wire N.º 18
0.5
kg
US$ 0.60
US$ 0,30

Aluminium
7
kg
US$ 4.00
US$ 28.00

PVC piping 100 mm
12
m
US$ 1.20
US$ 14.40

Motor oil
5
litres
US$ 1.20
US$ 6.00

Tap with union
1

US$ 1.00
US$ 1.00

Freight*



US$ 6.00

* material for five cisterns carried in one load
US$ 174.00

1. Construction schedule

2. Excavation - takes from two to eight days, depending on the terrain.

3. Placing of materials on the location – the form, sand, gravel, cement, reinforcing steel, water, etc.

4. Construction: First day – the lid (in the morning), the floor (in the afternoon). Then one tube per day = 6 days for 6 tubes. It takes from two to three hours to fill one tube form; the rest of the day is free for other tasks.

5. Finishing – plastering, placing of the beams, lid and eavestroughing .

Excavation

Diameter:
Dig a round hole, 3.5 m in diameter (1.75 m radius). This diameter is 1,0m wider than the finished cistern, and allows working room during the construction. After the construction is completed, this space is filled in.

Depth: until soft rock is reached:

a) Shallow soil: Only one tube (0,5 m) will fit in the hole. The majority of the cistern will be above ground level, until almost the height of the eaves. Thus water will be removed from the lower part of the cistern, with a sleeve/tap placed in the first tube.

b) Deep soil: Four or more tubes will fit in the hole (two metres). The majority of the cistern will be below ground level, with only two tubes (one metre) above ground. In this case the water will be removed from the top of the cistern, via the hole in the lid. 

1. Lid Construction

2. Line a flat area with empty paper sacks.

3. Place the outer part of the form on top of the paper sacks.

4. Oil the forms, both inside and outside, so that the concrete does not stick.

5. Divide the lid area in four quarters with wooden slats.

6. Cut the reinforcing steel, leaving a 25 cm space from one rod to the next.

7. Straighten the rods. Wire the rods together to form a grid.

8. Place a rectangular box of slats (40 cm ( 55 cm) as a spacer for the bucket hole.

9. Place a empty can of 15 cm diameter as the spacer of the downspouting pipe.

10. Mix the concrete mortar, fill the form and smoothen with a trowel. The lid thickness will be 4 cm. One hour after filling, remove the form.

11. Moisten the lid two to three times per day during the first two days so that is cures better. 
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Concrete mortar mixture

7 buckets of sand

1 sack of cement

7 buckets of gravel

2 buckets of water

1. Floor Construction
2. 

3. Excavate a circular hole of 3.5 m diameter and depth of 1-2 metres, depending on the type of soil (shallow or deep). Level the base. If clay based, line the base with a 2.5 cm layer of sand, as clay contracts and expands as moisture changes; the sand serves as a cushion between the soil and floor.

4. Mark the footing. Scratch one radius of 1.20 m and a wider radius of 1.40 m. 

5. Dig a 5 cm deep trench between the two marks (20 cm width).

6. Place the outer part of the form (in one piece, leaving the doorway open), within the footing, touching the exterior part of the footing. Do not close the form; leave a 30-40 cm opening at the doorway – close this opening with the door piece of the inner part of the form. Oil the form well.

7. Cut the 3/16” reinforcing steel rods, leaving 25 cm from one rod to the next. Straighten the rods. Wire the rods together with fine black wire. Cut 2 ring pieces – one to fit in the footing, and the other to wire to the outside edge of the grid.

Prepare the concrete mortar mixture, making it neither too dry or too wet.

Concrete mortar mixture - 2 mixes of:

7 buckets of sand



1 sack of cement 

7 buckets of gravel

2 buckets of water

8. Place the concrete mortar first in the footing trench. Next, place the mixture on the floor, raising the steel grid 4 cm above the ground, so that it remains in the middle; the floor will have a thickness of 8 cm. Trowel it smooth using a level to ensure the floor is level.

9. 

10. Prepare 10 staples of 3/16” steel, and place on the edge of the floor, in a radius of 1.29 m. The vertical steel of the first tube will connect to these staples.

Tube Construction

One tube is constructed each day. Oil the forms daily, after they are removed from the finished tube. Take care so that the oil does not drip; a leak may develop.

1. With the assistance of four to six persons mount the form, taking care to not hit the tube beneath (still not cured) with the form movement. Mount first the inner part of the form, and secure with the vertical pins. Next mount the outer part of the form, and secure with the horizontal pins and swivelling horizontal angle iron brackets located at the top of the form.

2. Cut the rings of 3/16” steel: 4 rings for the lower tubes, 3 rings for the middle tube, and 2 rings for the 2 upper tubes. The length of the ring is the circumference with an extra 20 cm .

Table: Number of rings of reinforcing steel (r) 

Cistern of
1º t
2º t
3º t
4º t
5º t
6º t
Total

4 tubes (t)
4 r
3 r
2 r
2 r


11 r

5 tubes
4 r
4 r
3 r
2 r
2 r

15 r

6 tubes
4 r
4 r
4 r
3 r
2 r
2 r
19 r



3. Cut 20 vertical rods, 70 cm in length, with the ends bent. 10 of these rods will catch on the staples at the base of the 1º tube; place 5 vertical rods in the 2º tube as well as in the third 3º tube. It is not necessary to place vertical rods in the superior tubes. 

4. The horizontal wire rounds will pass on the outside of the vertical rods.
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Prepare the concrete mortar 

 2 mixes of: 

6-7 buckets of sand

1 sack of cement

6-7 buckets of gravel

2 buckets of water

6. Place the mortar in the form with the assistance of 2 persons packing with sticks. Place the horizontal steel rings, taking care that they remain in the middle of the tube wall. Wire the ends.

7. When the tube is 1/3 full, remove the 6 horizontal pins; pack the concrete to fill in the holes left by the pins.

8. To remove the form from the tube constructed the previous day, dismount first the inner part of the form, removing the vertical pins, first of the door, then one by one each of the 3 segments, as well as the swivel horizontal angle iron brackets. To remove the outer part of the form, loosen the turn buckle on the door – the form easily comes off. Take care so that the form does not fall on someone’s feet.

9. During construction of the last tube, leave 4 spacers (bricks in a vertical position) at the top (12 cm high, 10 cm wide) for the placing of the two beams. The spacers are located 25 cm away from the centre (50 cm from one beam to the next). 
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1. Construction of the two beams (supports)

2. The two beams are placed parallel to support the lid which is made in four quarters.

3. Oil the beam form well.

4. Cut four lengths of 3/16” steel 2.58 m in length (2 cm shorter than the form). Straighten them.

5. Cut steel to make the 4 ( (squares).

6. [image: image4.wmf]
7. Bend them on the brackets of the inner form.

8. Wire the 4 lengths inside the 4 squares.

9. Place the grid inside the form.

10. Fill the form with concrete mixture: leftovers from the filling of one tube, (or 1 bucket sand, 1 bucket gravel, 1/3 bucket cement).

11. Pack the concrete well. Let the beam cure two days before removing from the form. Then make the second beam in the same manner.

1. Finishing
2. Plaster the cistern on all parts of the inside, esp. at the tube seams and pin holes.

3. Plaster the cistern on the outside, at the tube seams and any irregular areas.

4. Set and plaster the beams and lid in place, after curing them at least one week. 

5. Clean the cistern. Install the eavestroughing and the cistern is ready to be used.
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