


-69-

expending those resources in such a way as to come closest to a target

for water consumption. We will take this latter approach in this section.

Rainfall data. The degree of detail of rainfall data varies widely.

Obviously we would Tike to know how much rain falls during storms, and how much
time separates the storms. This would allow us to determine of a catchment and
storage combination would take all the water from a storm or waste some of

it; we could also easily determine whether the storage would hold enough water
to last until the next storm would be expected to occur. In practice,

rainfall data this detailed are very hard to get. In many areas, the best

data available are month-by-month rainfall totals. These figures can be
obtained from weather bureaus, airports. and sometimes from agricultural re-
search or extension stations. The data should have been taken over several

years,

In many places it may be impossible to find month-by-month rainfall totals.
The next best a1ternative; then, is to find out monthly average totals for your
area. The last and least desirable alternative is to find out yearly
average totals for your area. Averdge totals are less useful because it is
impossible to tell from them how often, and how extreme, are the deviations.
(We noted in section 3.1.1 that there is less than a one-in-two chance of rain-
fall totalling within 10% of the yearly average, for any particular year, for the
continene of Africa. We can expect that monthly deviations from the average
would be at least as great.) This means that a system planned using average
rainfall totals might provide water as expected only about two thirds of the

time. For thie reason, VITA recommends (Usihg Water Resources, see section

3.3.6) that average rainfall totals be multiplied by 2/3 to give an estimate

of the minimum rainfall. We can be much more certian that actual rainfall in
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the future will meet or exceed this minimum rainfall estimate.
In any case, whether you use month-by-month rainfall totals or average
totals, it is important to try to get information which has been collected

over several years. Here is part of a table (van der Leeden, 1975, page 442)

showing monthly averages (for data collected over 3 years) for Am Timan, Chad.

TABLE 7-2. TEMPERATURE AND PRECIPITATION DATA FOR REPRESENTATIVE WORLD - WIDE STATIONS (continued}

TEMPERATURE AVERAGE PRECIPITATION
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‘Figuring runoff. The amount of funoff, or water available for storage

in a tank, is related to the horizontal area covered by the catchment surfdce;
(As we work this example, we will assume that we plan to use the roof of a
building for a catchment surface. This seems to be a sensible use of existing
resources in many areaﬁ. The procedure used in the example could equal]y}we1l be
used for a variety of catchment surface sizes and types.) For a building,

this area is the ground area covered by the roof.; as shown in the figure.

‘V Rainfall R

S—

Rain falls through
plan area A 7

Watt (1978) by permission
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2
Let's assume that the ground area covered by the roof is 30 m~ (the area of
a 5 x 6 meter building). The amount of runoff which could be collected from

the roof'is:

area x rainfall x 0.9*

=
n

30 m2 x rainfall x 0.9.

Runoff or "R" can be figured for any kind of rainfall total. Using monthly
average rainfall totals would give mon_thly average R; using a yearly

minimum estimate would give a yearly minimum estimate R.

Using runoff totals to plan storage capacity. The amount of water in stor-

age should come as close as possible to providing for water needs during dry
periods. Take, for example, a family of five, each of which needs a minimum
of 20 liters of water per day over a dry period of one month., Their water

needs during the month would be:

needs 5 people x 20 1./day x 30 days

3,000 Titers.

This means that to supply this need for water, a storage tank would have to
contain at least 3 m3 at the beginning of the dry period. A tank containing
2 m3 (2,000 1iters) would provide most, but not all, of the family's minimum

needs.

Simple graphical method . If you can compute monthly runoff totals,

cimple graphs can help show dry periods and wet periods and indicate the need

for storage. We will work out an exajﬁ]e using the data for Am Timan (above).

The first step is to calculate runoff totals for each month. The rain-

fall data available for Am Timan are monthly average totals, so multiplying

* Ree (1976) says that a sheet metal roof with good guttering is about 90%
efficient, Other materials may be less efficient.
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each of these by the roof area gives monthly average runoff. Then, to get a
minimum runoff, the product is multiplied by 2/3. Here is the calculation

for October (average rainfall in October, from the table above, is 30.5 mm):

R(Oct) = area X rainfall(oct) X 2/3  x 0.9
= 30m® x 0.0305m x 2/3 x 0.9
= 0.55 m.

This calculation is performed for each month. These minimum runoff totals are
shown on the following graph, figure 1, with the peak month of the wet season

at the far left (this makes the procedures below more straightforward):

ﬂjure_ 1-

/”-'n-'nu-u\ fu.'uff (M") f-’l"‘- 20 m* roof

1 ]

Aug Sep Ot Mv  Dec Jan  Feb  Mar  Myr M‘J Tan  Jul

The second step is to show "cumulative" runoff--that is, each monthly
total from figure 1 above is added to the total of the previous months.
Thus the graph shows the sum of all runoff, which increases or remains the same

throughout the year. For October, for example, the graph will show the sum
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of the runoff totals for the months of August, September, and October.
The solid 1ine of the following graph shows minimum cumulative runoff ("minimum"

because we have multiplied each monthly runoff figure by 2/3):

ﬁju.ra 2'

20 L ' cwuu_/at{'vc

ranoff
cumulative X

consusmption (1) / cumulative

ST \/ / ' <omwu,ofo'cn){2,)° /
C

A A J/

5- /]

./ -/
7 = | | |
uéﬁ;”o B n

A"‘J Se,o Ot Mv Dec Jan Fed Mar Apr MA) ‘ Tam Tul

Min, cusmufalive rwj (lu") f"’"" 30 mt raaf
N
AN

Note that the line is horizontal for the months with rainfall and runoff totals

of zero: for these months, there is'no increase in the cumulative runoff. At

the end of a year the cumulative runoff is 17.2 m3. This means that a tank

3

with a capacity of 17.2 m” could theoretically hold all the water collected

2

over an average year's time from our 30 m“ roof in Am Timan.

The final step is to show cumulative water consumption on the graph along
with cumulative runoff. Take, for example, the family of five, each member con

suming 20 1. per day. At the end of one month the family will have used

5 x 20 1. x 30days = 3,0001. or 3 m3

3

; at the end of two months they

for a total of 6 m3

will have used another 3 m » and so on. This cumulative
consumption is shown as the dashed line on the graph above, figure 2. The

dashed line runs below the cumulative runoff line until October, but rises
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above it after that. This shows that the 30 m2 roof cannot provide enough water

to support this rate of consumption.

What rate of consumption can the 30 m2 roof provide? We can determine this
by drawing a second consumption line (the dashed 1ine with dots, figure 2)
so that is meets the runoff line at the end of the year (on this graph,
in the middle of the wet season). Thus cumulative consumption equals cumulative
runoff for the year. Runoff increases faster than consumption for August and
September, but then the runoff line levels off and consumption increases faster
than runoff from October to June. Then in June and July runoff again increases

faster than consumption.

The volume of storage required to provide this rate of consumption, and
use all the runoff from the roof, can also be dtermined from the graph.
This volume is the sum of the greatest vertical distance from the runoff line
above the consumption line to the consumption Tine (distance AB in figure 2,
which represents about 6 m3), and the greatest vertical distance from the
runoff Tine below the consumption line to the consumption 1ine (distance
CD in figure 2, representing about 3 m3). So a tank which could store about

3

6 + 3 =9 m could theoretically hold enough runoff from the 30 m2 roof to

provide the steady consumption rate indicated by the dash-dot 1ine (2).

3 per month; 1.4 m® (1,400 liters)

This line rises at the rate of about 1.4 m
divided by 5 people, divided again by 30 days gives a consumption rate of a

lTittle more than 9 liters per day for each member of the family.

Water rationing and storage. Most families in areas with water shortages

tend to consume more water during wet months and less water during dry months.
Thus a Tine representing cumulative consumption on a graph like the ones
above would not be straight (like 1ines 1 and 2) but instead tend to curve,

following the cumulative runoff line. The graph in figure 3 (below) shows
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a curving consumption line (3); using the method for calculating storage
above, it is easy to show that much less storage volume is needed to provide

for this rate of consumption which changes with the seasons.

The technique described in this section is a useful tool for making an
educated guess at how much water could be provided by a proposed system. It
is best, however, to bear in mind the words of Watt (1978, page 112) in his
discussion qf system size: "In the real world the climate is unlikely to be
uniform enough to allow these steps to give more than a rough indication of

tank size".
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4.2 Costs of construction

4.2.1 Materials quantities for 4 tanks

The following page compares the materials inputs for construction of
tanks discussed in section 3.3 and listed in table 3.3.5. Using this kind of
information, local prices can be applied to roughly determine costs and make

cost-based judgements about the relative attractiveness of different designs.

"Trade-offs" are evident: for example, the cement mortar plastered basket
(UNICEF, 1982) requires more cement / m3 of storage than any of the other

three, but meeds no metal reinforcing material and little gravel.

The subsequent section (4.2.2) gives guidelines and examples for roughly

calculating amounts of cement needed to build a variety of tanks.



4.2.1 (continued) Materials quantities for 4 tanks ~71-

Ferrocement Tank with foundation cement :12 bags (50 kg. each)
{no cover) (after Watt, 1978) sand t1md
10 m3 gravel : 0.5 m3

chickenwire : 16 m2

materials per m3 storage:

1.2 bags cement
0.1 m3 sand

.05 m3 gravel plus: straight wire, use of forms
16 m2 chickenwire

Cement mortar plastered basket cement ¢ 5 bags
with foundation (no cover) sand : .13 m3
(after UMICEF, 1982) gravel : .04 m3
2.3 m3

materials per m3 storage:

2.2 bags cement
.06 m3 sand
.02 m3 gravel

Reinforced cement mortar cement ¢ 12 bags
plastered underground tank sand :1m3
(after Maikano and Nyberg, 1980) chickenwire : 32 m2
20 m3

L 7T LU
/ //§ materials per m3 storage:
7, 0.6 bag cement
.05 m3 sand
4 ;;/ 1.6 m2 chickenwire

Underground concrete tank cement : 13 bags
with cover sand + 1 m3
12 m3 gravel : 1.4 m3
materials per m3 storage:
§
4 1.1 bag cement
.0 8 m3 sand . .
.12 m3 gravel plus: reinforcing rod, material

for forms
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4,2.2 Calculating costs of materials

The following discussion on figuring costs shows how to obtain rough

amounts for some of the amin materials needed for construction of roof catch-

ment systems. The procedures are simple, and computations like them can be

used to get an idea of whether materials for a proﬁosed catchment are afford-

able, and to compare the costs against the costs of alternatives. They do

not take many important questions into account: they ignore the time required

for delivery, and any costs of labor, for example.

Here is a summary of the computations of materials costs:

cost of = volume
cement (for of
concrete) concrete
cost of =  volume
cement (for of
mortar) mortar
cost of = area
roofing of
material roof
(sheet)

The first twn evamnlog

N O

fo} construction of the 10 m

(see also table 3.3.5, no. 10,and section 4,2.1).

X

X

7 bags cement
m3 concrete

10 bags cement
m3 mortar

price
m2

vz worked out for material. that would be needed
ferrocement tank described in section 4.3.2

Other materials, in

addition to the ones mentioned here, would be needed--sheet metal for forms,

for example. The final example concerns cost of sheet metal for roofing.

See section 4.1 for how to think about how much rainwater a given roof can

collect,
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Cement in concrete floors, footings, and foundations of tanks

1. Figure the volume of concrete needed. For a 2.8 m diameter floor which will

be 7.5 cm thick,

area = ﬂ?z
= 6.2 m

volume =  area X  thickness
= 6.2 x 0.075 m
= 0.47 m.

2. Figure the amount of cement needed to make the concrete. Concrete mixed
in the proportions 1:2:3, cement:sand:gravel, is plenty strong for self-
help floors, footings, and walls when made with clean materials and cured
prcper]y.* Concrete mixed 1:2:3 contains about 7 bags (@ 50 kg per bag)

per m3. Using this information, we can figure the number of bags needed:

bags of = volume x 7 bags
cement of m3 concrete
concrete
= 0.47m  x 7 bags

m3 concrete

3.3 bags.

3. Figure the cost, using the price of a bag of cement in your area. For

example,

cost # of bags x price per bag

3.3 bags X $7.14 (USS, Zaire, 1981)
$23.49,

* determined using the "concrete calculator", VITA (1973). You many decide
to use a lower porportion of cement. The "concrete calculator” shows how
to adjust the volumes of the other materials.
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Mortar for plastering floors, walls, and roofs of tanks

1. Figure the volume of mortar needed. For a floor plastered with 5 cm. of

mortar, 2.5 m in diameter,

area = 7llr'2
= 4.9 m2

volume =  area X  thickness
= 4.9 x  0.05m
= 0.25 m.

For a cylindrical tank with walls 2 m high, plastered with a total of

4 cm of mortar,

area = 2mr (height)
= 15.7 P
volume =  area X  thickness
= 15,7 m2 x 0.04m
= 0,63 m3.
So the total volumz needed, for walls and floor, is 0.25 m3 + 0.63 m3 =
0.88 mo.

2. Figure the amount of cement needed to make this volume of mortar. Mortar
mixed 1:3, cement:sand, is recommended for waterproof walls. This mix
contains about 10 bags (@ 50 kg) per m (always check with Tocal masons

and collect opinions on mixes, if you are inexperienced). So:



bags of
cement

3. Figure the cost of the

area. For example, in

cOst

-81-~

= volume x 10 bags
of m3 mortar
mortar
= 0.88m  x 10 bags
m3 mortar
= 8.8 bags.

cement, using the‘price of a bag of cement in your

Zaire,

[}

#of bags x cost per bag

8.8 bags x $7.14
bag

$62.83.
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Roofing material (corrugated metal sheet)

1‘

Figure the area of roof to be covered with the metal sheet.
Allow for overhang, and consider where gutters will be
hung, when making measurements. A building 8 m long with a
pitched roof might have 2 roof surfaces of equal area:

total = 2 ( 1length x width)
area = 2(8m Xx3m)
= 48 m?

Using this area, figure the cost, using the price of metal
sheet in your area. For example,

cost = area X price per m2
2 : . - .
= 48 m X $§.20 (Ménrovia,
m 1981, USS)
= $105.60

This is only a rough figure, because it ignores the size

of the individual sheets and how much they must be cut to

fit the roof surface. Also, the sheets must overlap a little
to shed water properly. This means that the actual area

of sheet needed, and the cost, may be 15-20% more.

If gutters are to be made with the sheet material,
this may increase the cost again. Sometimes sections of
gutter and hanging straps can be made with pieces cut when

the sheets are fit to the roof.
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4.3 Building Water Tanks

The construction information in this section is for three of the most
widely docemented of the tanks outlined above in section 3.3.2. Here we intend
to give the interested reader detailed information on the materials, tools, and
skills involved in their construction; some readers with confidence in their
manual skills would be able to attempt construction from the information given.
We do not mean to imply that these are the three "best" tank designs for
household rooftop catchment; in fact, each of these three tanks requires
a relatively great amount of cement per m3 of storage (see, for example, section
4.2.1). -They are, however, three of the most "teachable" of the designs docu-
mented. See section 3.3 for a more complete discussion of water stroage al-

ternatives.

Each of the tanks described in this section is made with cement mortar,
which is a mixture of sand and cement and water. It is always important to
make mortar with the cleanest available materials, and to keep soil and other
contaminants out of the mortar mixtyre . Watt (1978) suégests using a mixing
board or making a small concrete pad on a layer of gravel. The board is
probably a better choice where the tanks or jars will be built far from each

other.

Gauge sand in

Water bins measuring box j
, / NI
p ' O
Heasuring box
¥ SO ASOXAD cm.

A"

Watt {1978) by permission

Mixing tray with lip

¥
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The mortar mixtures used for the following tanks and jars contain propor-
tions of cement:sand ranging from 1:2 to 1:3 (measured by volume). Mixtures
with more cement are easier to plaster with and may be stronger and more water-
proof for the surfaces of smaller jars with littel reinforcement. For larger
containers, a 1:3 cement:sand mixture is strong enough and less likely to crack

when curing.

Sand for mortar should be clean. A range of sand grain sizes is 0K,
but sand with lots of fine silt should be avoided because it causes mortar made
with it to flake off. Sand and any other materials to be used in construction
should be gathered before any work strats. Study the list of materials pre-
ceeding each of the tanks, and read through the instructions carefully be-

ginning.

Clean water should be added to the cement and sand after they have been
thoroughly mixed together with a trowel or shovel. Make a hole in the pile of
cement/sand mix and pour the water in, a l1ittle at a time. While a mix that
is too "dry" will be difficult to apply, a "wet" mix will not be as strong
when cured. Use as Tittle water as possible to obtain a workable mixture. STart
with an amount of water that is half the volume of the cement, and add water

sparingly.

Do not mix more mortar than can be applied to the tank or jar in about
1/2 hour! After about this amount of time, mortar begins to set and cannot

be applied properly (Watt, 1978).

Toncrete is used instead of mortar for the foundations of most tanks and
jars because it contains gravel or small 5fones and is less likely to break
or weaken under the load of a heavy tank #nd its contents. The gravel used
in concrete ideally contains a range of sizes, and the stones should not be

flat. Like sand, gravel m ust be clean, or the concrete will be weak.
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Concrete used for foundations can be mixed in proportions ranging from
1:2:3 to 1:3:6. Regardless of the proportions, concrete should be made with
as little water as possible and mixed in a clean place. Containers like those
shown in the figure above can be used to measure the proportions of materials
in mortar and concrecte mixes. REsist the temptation to estimate proportions
or use the blade of a shovel to measure with; this will result in a weaker

miX.

The Village Technology Handbook (VITA, 1973; see section 3.3.6) includes

an excellent section on selecting mixes, preparing, and building with concrete.

4,3.1 0.25 m3 cement plaster jar

Unlike the other water containers in this section, this jar is built
entirely of mortar. It contains no strengthening fibers nor wires. The mortar
is applied to a " mold" which is usually made of sacking material (like bur-

lap) filled with something heavy enough to plaster against.

Because these jars have no remforcing material, they are made with a mor-
tar mix which is "rich" in cement. The proportions of materials recommended
in the following instructions (copied by permission from Watt, 1978, see section
3.3.6) are 1:2, cement:sand (measured by volume). Watt does not mention the
proportion of water to be used. He says instead that the mortar should be mixed
as "dry" as possible, for highest strength. Refer back to the discussion

of making mortar above.

The following instructions are for construction of a small jar which
holds about 0.25 m3. Watt says that people with no experience have been taught
to make the jars in less than two days. Much larger jars, which have screens,

lids, and taps, have been constructed using this method. Subsituting soil and
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1ime for some of the cement and sand in the mortar has also been tried.

MATERIALS:

TOOLS:

1/2 bag of cement (less than this should be required)
clean sand

clean water

burlap, "gunny cloth", or other strong sacking material

sand, grain husks, or sawdust to fill the sacking

needle and thread, or other tool for sewing the sacking

mixing board or pad and containers for measuring and mixing mortar
materials

trowel and wooden stick

STEPS IN CONSTRUCTION REQUIRING SPECIAL CARE:

Making sure that the material used to fill the sacking (step
2.4) is heavy enough to keep its shape during plastering.

It is a good idea to try filling the sack on the ground before
beginning contruction.

Making the mortar. Do not make the mortar for applying to the mounl
until you are actually ready to begin (step 2.8). This should
allow you to work with a "dry" mortar mixture for maximum strength.
Mixing the cement and sand well, before adding the water, is
especially important.

Curing the new jar (step 2.10).
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Photo 2 Making a small water jar: 250 litres. Thailand™*

ﬂfi
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2.1 Place two pieces of gunny cloth (hessian sack/ng} 125¢cm by 110cm
together and mark out. Sew the two pieces together along the curved
lines leaving the top and bottom open.

N Cap- s o' Aoy
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‘! FE { < by, 2

2.2 After sewing, turn the sack inside out.

‘

** copied from Watt, 1978, by permission, ITDNG




2.3 Make a precast mortar bottom plate, 60cm i diameter and 1.5cm : 25 When the sack is filled up, @\Q the top and tie it into the shape
thick. Make the mortar from a mix of 1:2 cement:sand by volume as of a traditional water jar. Use a piece of Eon.i to tap on the mould to
dry as possible consistent with easy trowelling. i make it round and fair.

l.u?'.:a

2.4 Place the sack on the bottom plate with the smaller opening down-

wards and fill the space inside with paddy husk, sawdust or sand. The

weight of the fill will hold the lower edge of the sack firmly on the

bottom plate. Make sure that the mortar bottom plate sticks out from
under the sacking.

2.6 Spray some water on the mould before plastering to make it damp,
64 . I am
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4.3.2. Ferrocement tank, 10 m3

The following description and instructions have been copied from

Ferrocement Water Tanks and their Construction (see section 3.3.6).

This tank design is based, in part, on years of experience with the con-
struction method in Zimbabwe; other versions are being built in Thailand

and Indonesia. See section 3.3.2 for more information on ferrocement

tanks.

Kk
Chapter Seven

Small Tanks for Domestic Use:
10m* Capacity

These tanks have been used far many years in parts of Africa
and have been designed to be as simple as possible to build in
self help programmes. The users, who are at first unskilled in
this sort of construction, can contribute their time and efforts
in collecting sand and water, digging the foundations and
preparing the mortar under the general guidance of a trained
builder. With experience they quickly learn how to make the
tanks without further guidance.

A trained builder with five helpers takes about three days
to construct the tank. The users often contribute some
money towards the cost of the tank, which helps to cover the
builders’ wages, the cement, reinforcement and the hire of
the formwork.

Design -

The tanks have been designed for construction by relatively
unskitled workers. They have a diameter of 2.5 metres, a
height of 2 metres, giving a capacity of 10 cubic metres. The
final wall thickness will be about 4cm. The tanks are built on
site and should not be moved.

Formwork

The 2m high formwork is made from 16 sheets of standard
galvanised roofing iron, 0.6mm thick with 7.5cm corrugations,
rolled into a cylinder with a radius of 1.26m.

Steel angle iron {40 x 40 x 5mmy} is bolted vertically on the
inside face at the ends of each set of four sheets — this allows
the sheets to be bolted together to form a circle. Between the
ends of each section is placed a wedge which is pulled cut to
allow the formwork to be dismantled (see Fig.19).

49

** copied from Watt, 1978, by permission, ITDG.
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Materials required for 10m3 tank wii1 galvanised iror roof

Cement 600 kg.

Plain wire 2.5mm diameter 200m

Chicken mesh 1m wide 16m

Water pipe 20mm bore im

Water tap 1 No.

Overflow pipe 20cm of 8cm dia. iron or

concrete pipe
Galvanised iron sheet and angle
iron for roof

Sand 1.0m3
Gravel 0.5m3
54
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4.3.3 THE GHALA TANK

This tank is made by plastering a sturdy basket for holding grain.
While this design comes from Kenya, the idea could be used to make
similar tanks out of baskets made from a wide variety of indigenous
materials. Most of the information and the drawings for these
instructions come from an article in the Magazine APPROPRIATE
TECHNOLOGY, March 1982 (see Section 3.3.6)f* The authors say that
ghala-type tanks can be built as large as 7,500 liters and should last
ten years. Most of these tanks have been built closer to the size of

the tank described here, which has a capacity of about 2,300 liters.

50 cm

100 cm

140 " 120cm @ 40
Fig. 1 Ghala basket constructed without a base.

** figures reproduced from UNICEF East Africa Regidna] Office, 1982;
by permission, ITDG



GHALA TANK (cont.)
MATERIALS:

TOOLS:
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5 bags of cement (50 kg each).

* 12 wheelbarrows of clean sand.

* 4 wheelbarrows of clean gravel. Most pieces of

this gravel should be about 1.25 c¢cm in diameter.
clean water.

enough small rocks to build the foundations. See
step 1 below.

2 m of water pipe about 1.25 cm in diameter,
with 90° elbow (see fig. 2).

* tap to fit the water pipe.

* one ghala-type basket, woven without a base

(fig. 1).

mixing board or pad, and containers for measuring
proportions of mortar and concrete materials.
shovel and trowel.

pipe threader.

STEPS IN CONSTRUCTION REQUIRING SPECIAL CARE:

Compacting the foundation until it is solid enough
to support the weight of concrete, tank, and water
(step 1).

Mixing mortar "dry" enough that it will not fall
off the overhang of the inside of the basket, yet
wet enough that it can be worked into the weave of
the basket walls (steps 6 and 7 below). If you
can, make a small quantity of mortar and try
applying it to the basket before beginning
construction.

Plastering the inside of the bottom of the basket
to give a strong, leak-proof bond to the foun-
dation (step 7).

Curing: keeping the walls damp while the newly
constructed tank strengthens, before it is used.




GHALA TANK (cont.)

CONSTRUCTION:

1.

2.
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Lay the rocks for the foundation, in a circle
about 2 m diameter and 20 cm deep (fig. 2).

Spread a mixture of soil, sand and gravel over
the rocks and stamp or pound down to a 1.5 cm
thickness (fig. 2).

Prepare concrete as described above. Use pro-
portions 1:2:4, cement:sand:gravel (measured by
volume). This concrete is to be laid on the
foundation; making the mix with about 20 1. of
cement should yield enough concrete for a layer
about 7.5 cm thick.

Spread about 1/3 of the concrete on the foun-
dation. Place the water pipe and tap in the
wet concrete as shown in fig. 2.

Spread the remaining concrete on the foun-
dation. Immediately place the basket in the
center and work its lower part into the
concrete. Work some of the concrete up against
the basket wall (fig. 2) to make sure the basket
is firmly anchored.

After the concrete is set, prepare mortar as
described above. Use proportions 1:3,
cement:sand (measured by volume).

Apply the mortar by hand or with a trowel to
the inside of the basket walls, starting from
the bottom of the basket. This layer of mortar
should be about 1.25 cm thick. Use a little
extra mortar where the bottom of the basket
meets the concrete of the foundation; fill and
smooth this area so that the bond will be
strong.

While the first layer of mortar is stiffening,
prepare mortar for the second layer. Use pro-
portions 1:2, cement:sand (measured by volume).
Apply to the inside of the basket and smooth
into a layer about 1.25 cm thick with a trowel.
Then apply any remaining mortar to the outside
of the basket. This may help protect the ori-
ginal basket materials and will help strengthen
the tank.
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GHALA TANK (cont.)

--~ 9, As soon as the second layer of mortar sets,
cover the tank with wet sacks or cloths.
(These covers should be kept wet for about a
week. It is much easier to keep the covers
damp for proper curing if the tank can be
shaded from the sun.) After about 12 hours,
fill the tank about 1/4 full with water; this
keeps the inside damp.

Two layers of mortar 1.25 cm each

\

5 Basket

Concrete
Murrem

1.25 cm tap

Rocks

Fig. 2 Construction of the foundation and positioning of the
basket.




GHALA TANK (cont.)
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--- 10.Make a 1id. A concrete 1id can be poured into

a 3 to 5 cm deep circular hold in the soil, care-
fully cut to match the diameter of the opening at
the top of the tank (fig. 3). Line the hole with
sand so that the 1id can be pulled out easily;
using soil or some other material, carefully make
mounds in the hole for air and water holes. A
handle can also be placed in the concrete as it
stiffens. See the details of figs. 3 and 4.

The authors of the article in APPROPRIATE
TECHNOLOGY note that 1lids can be made out of wood
or other materials.

However the 1id is made, its holes should be
screened to keep out mosquitoes and dirt.

Fig. 3 Construction of the lid.
Lid handle

Air inlet

Spout for collecting water
| Fal !

LAETY M R AR M TR 5

Top of tank

Basket

Air inlet

Water inlet

Fig. 4 Detail of the lid.
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