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The Development of Community Water Supplies
in Ghana *

W. R. W. FERGUSON

Ghana, with a population of 6 700 000, largely distributed in rural districts, is repre-
sentative ofmany a country where the problem of water supply is associated with the con-
struction ofnumerous small suppliesfor the villages and towns scattered over the whole area.
This paper gives a general impression ofthe various methods in usefor tackling the problem.
Well-sinking, drilling, and pond-digging, and the advantages and disadvantages ofa variety
of methods, are described, and the problems met with under different geological conditions
are considered. Details of the various systems for pumping the waterfrom the source to the
villages and towns are given. The important question ofstandardization, both in design and
equipment, is dealt with, and reference is made to the operation of supplies and to the
training of operatives.

The provision of a plentiful supply of potable
water is one of the most important amenities which
can be given to any community, wherever it may be
and whatever its size. The availability of pure
water plays a major part in the health, economy
and well-being of all concerned, since there is no
doubt that it does much to eradicate many endemic
water-borne diseases which affect not only the
health of the people but also their general efficiency
and therefore the economy of the country. No-
where has this been more appreciated than in Ghana,
and in according the highest priority to the develop-
ment of water supplies, the Ghana Government
has made clear its intention to deal thoroughly with
this problem on a country-wide scale. When the
second Five-Year Plan is completed, practically
the whole of the population of the country-nearly
7 million-will be provided with potable water.
The Water Supplies Division of the Ministry of
Works and Housing, which is responsible for all
water supplies in Ghana, has been entrusted with
this immense task.
Already all the large urban communities are

provided with pure piped supplies as are also many
of the smaller towns, and at the completion of the

* Paper submitted to the Africa-Eastern Mediterranean
Seminar on Community Water Supply, convened by WHO
in November-December 1960.

1 Chief Engineer, Water Supplies Division, Ministry of
Works and Housing, Kumasi, Ghana.

second Five-Year Plan, no town of any size will be
without its piped water (see the accompanying map).
These services will also be extended to the larger
villages and even the small villages will have simple
supplies in keeping with their size. Many have
already got them. The remote hamlets also have not
been forgotten. They will be provided with bore-
holes, wells or spring catchments. Many of these
works were completed during the first Five-Year
Plan but much remains to be done. It is estimated
that nearly 1.5 million were catered for in the first
Plan. The supplies already operating, both urban
and rural, are being continually extended to serve
the greater needs of a more sophisticated and
increasing population, and small villages on the
outskirts of the larger towns are being connected to
the urban supplies.
During the first Five-Year Plan not only were the

existing urban supplies enlarged out of all recogni-
tion but new piped supplies were constructed at
18 other towns and a large number of small towns
and villages were provided with simple piped
supplies, usually from bore-holes which the people
could operate themselves. In addition, nearly 600
bore-holes were drilled, most of these were provided
with hand-operated pumps and over 3000 wells
were sunk in the smaller hamlets. Finally, in areas
where ground-water and perennial water were non-
existent, 58 ponds were constructed to give a water
supply which, if not as pure as that from bore-holes,
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at least provided a source of raw water where
there had been nothing before.

Thus, before the present Five-Year Plan started
in July 1959 much had been done. However, much
more remains to be done. Not only are there many
communities still without piped water, but the
large cities are crying out for a greater supply. As
an example, Accra and Tema (the new port) used
2.7 million gallons 1 per day in 1952, 3.1 million
gal./day in 1955 and 6 million gal./day in 1959.
At the time ofwriting(l 960) they are getting 7.5 million
gal./day, by early 1961 they will have 8.5 million gal./
day, by 1962, 11 million gal./day, and 17 million gal./
day before 1965. The long-term plan for Accra
Region is considering a figure of 200 million gal./day
by the year 2010. This will provide 80 gallons per
head per day for 2.5 million people.

In addition to this and other large expansions of
the water supplies of the main cities, the second
Five-Year Plan provides for new water supplies for
72 other large towns and many more smaller towns.
The sum of £G 2 780000 2 is allocated for drilling,
pond-digging and wells, which will largely concern

the villages and hamlets. The total sum budgeted
for in the Plan is over £G 20 million, of which
£G 8.5 million is allocated for immediate imple-
mentation.

It is now proposed to outline how the water will
be obtained. The problems are great, as they must
be when water supplies on a national scale are
considered and the solutions of the problems
are as diverse as the geological, climatic and
other conditions of the various parts of the
country.
Ghana has an area of nearly 100 000 square

miles,3 a population of 6 700 000, and a rainfall
which varies from 25 inches to 80 inches 4 per
annum. There are four fairly distinct climatic
regions: the open savannah country of the coastal
belt, where the annual rainfall is very low; the
extreme south-west, where the rainfall is much
higher than elsewhere; the forest belt, which covers
the whole of Ashanti; and the open savannah
country, which forms northern Ghana. This last
has a much more extreme climate than the rest of
the country.

THE CONSTRUCTION OF WATER SUPPLIES

I propose to describe some of the methods in use
for obtaining water and for constructing the various
types of supply. The emphasis will be placed on
small installations, as the design of one large supply
might warrant a paper in itself.
The construction of community water supplies

is dependent on:
(I) the availability of the water and type of source;
(2) the size of the community;
(3) the possibility of supplying a number of towns

and villages from one source; and
(4) the ease or difficulty of communication.
There is no doubt that for very small isolated

villages it is a great advantage to make the supply
as simple as possible. On the other hand, where a
comparatively large town is concerned a more
complicated supply can be constructed and operated.
Furthermore, it is often the case that a source which
might be quite adequate for a small village would
be completely useless for a large town.

1 I Tmperial gallon=4.54 litres.
'£GI= US $2.80.

The sources of supply can be divided into two
types: those derived from ground-water, and those
derived from surface water. Where possible it is
always advisable to use ground-water for the very
small supplies, as this will mean that purification is
unnecessary, and purification and treatment in
remote villages may well prove difficult, if not
impossible. In some cases, where treatment is not
immediately practicable and where ground-water
is not available, it may be necessary to provide
merely a raw water supply as a temporary measure.
This is to be avoided where possible. However,
such action is sometimes necessary and there is no
doubt that even a raw water supply delivered to the
village is better than a similar raw water source five
to ten miles away. Such a raw water supply has the
merit at least of keeping the contamination within
reasonable bounds by avoiding the most serious
sources of pollution, whereas if such a supply is not
provided, the tendency is to drink the nearest water
regardless of its quality.

3 square mile= 2.5 kM2.
'1 inch= 2.54 cm.
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Another point to be considered with regard to
very small communities is whether the people of
the particular locality have any special customs or
habits regarding water use. For example, the
people near the coast do not like drawing water
from a well, even though it may not be very deep.
The further north one gets the less objection there
is to the hand-drawing of water from wells. In fact,
in the cattle country to the north and east of Ghana,
it has been the normal method of obtaining water
for centuries, and the age-long custom has been
to draw water from wells up to 300-400 feet 1 deep,
using hand-made ropes and leather buckets, to
water the cattle. It would be quite impossible to
expect such hand-drawing of water in the regions
near the coast. It may well be that in the more
remote villages where communications are poor,
and therefore supervision and maintenance are
difficult, as an interim measure wells provide the
most satisfactory supply.
The provision of water supplies in village com-

munities is a continuing problem, which is capable of
improvement along with the general development of
the village. One might say, as an example, that the
first step would be to provide a village well, which
would be lined with concrete. This is still being done
in many parts of the country and has the effect of
ensuring a reasonably pure supply, which is a great
advance on the water-holes and unlined wells which
are often met with. Such wells have been sunk in
many parts of West Africa, and in Ghana alone over
3000 wells have been sunk all over the country since
the Second World War.
The next step would be to put a pump on the well.

This would greatly improve the quality of the water,
as there is no doubt that dirty buckets and ropes do
contaminate it. A permanent cover could be fixed
on the well top to form a further guard against pol-
lution. The European-type windlass and bucket do
not appear to find very wide favour in this part of
Africa. This device has the disadvantage that only
one bucket at a time can be lowered. Hand pumps
have been installed on a number of wells near the
coast and are working very satisfactorily. One
disadvantage of wells is that they tend to dry up at
certain times of the year and need continual deepen-
ing. Their very method of construction (by hand)
prevents them from being dug down to a permanent
aquifer in many cases. Details of their construction
will be given later in this paper (page 518).

1 1 foot=0.3 m.

The next step in the development of a village water
supply is the provision of a bore-hole or bore-holes.
Again this is entirely dependent on geological con-
ditions, but assuming such conditions are favourable,
this is by far the best method of providing a good
water supply for a small village, particularly if it is
remote from any large town to whose water supply it
might be connected. The bore-hole has a great
advantage over the well in that (a) the water is
inherently pure and unlikely to be contaminated,
and (b) it is likely to be permanent in quantity and
generally unaffected by large seasonal variations.
The main disadvantage of a bore-hole is that some
kind of pump must be installed except in the very
exceptional cases where the water is artesian. In the
more remote villages where bore-holes have been
drilled, hand pumps are usually installed. These
hand pumps, it might be emphasized, are worked by
turning a wheel rather than by using an up-and-
down motion. It has been found by experience that
this apparatus is much less liable to break down.

It is sometimes possible to erect a windmill over a
bore-hole. This saves much hard labour and at the
same time requires little maintenance. More will be
said on this subject later (page 525).
Where it is considered that a petrol or Diesel engine

can be operated and maintained, then a mechan-
ically driven pump can be substituted for a hand
pump. In such a case it will be necessary to provide
a small tank which can be in the form of a concrete
reservoir on nearby high ground, or if there is no
high ground in the vicinity, a steel-section type tank
can be erected on a tower or plinth. The height of
this latter depends much on what is intended in the
way of distribution round the village. In the first
instance, it may be considered sufficient to provide
a battery of taps near the tank. This could later be
expanded into a distribution system, with stand-
pipes at regular intervals throughout the village. It
will be noted that in such a supply, no purification
system is installed or is in fact needed. Such an
installation could provide the final supply if two
bore-holes were used instead of one, so that there
would be a standby in case of breakdown. The
construction is simple, and we have found that it can
be operated by the village council itself. In Ghana
we have a large number of villages with this type of
supply, operated under the direct control of the local
council. It is the council's responsibility to pay the
pump and engine attendant and to provide the fuel
and oil. However, such small councils are not
generally equipped to provide full maintenance, and
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therefore the Water Supplies Division has arranged to
inspect their supplies at regular intervals and also to
make any necessary repairs to the pumps and engines.
This arrangement has been made in the form of a
routine agreement by which the council agrees to pay
a fixed sum for the service.'
We have found that this system is working very

well and little difficulty has been encountered in
implementing the agreement. It has the great
advantage of giving the local councils a definite
responsibility for their water supply and it is entirely
their own responsibility to collect any water rate
which they need to operate the supply. Such water
rates have been levied in a large variety of ways and
it has been the local council itself which has decided
on the method to be used. When the people them-
selves own the supply, they tend to show a much
greater sense of responsibility in using it and looking
after it.
There is, of course, the possibility of providing

water from springs and obtaining a pure supply so
long as the source is carefully fenced. Such supplies,
although few and far between, can be considered to
be ideal for small communities, as usually the
springs are found issuing from a hillside above the
village and so a gravity supply can be piped to it.
However, these sources are not easy to find.
Where the communities are much larger, it is

usually found that surface water is needed as a
source for the supplies. Nevertheless, a large number
of quiite big towns are supplied from bore-hole
sources. In such cases either there is a larger number
of bore-holes or the capacities of the bore-holes are
unusually high. In any event a large town must have
sufficient bore-holes to allow for reserves. In some
cases as many as 10 bore-holes are used to provide
the source of a supply. These bore-holes have a
capacity averaging about 2000 gallons per hour and
a supply of over 100 000 gallons per day is provided.
Near the coast we have found that often very large
yields of up to 12 000 gallons per hour have been
obtained from bore-holes. Where such large yields
are available then ground-water has been utilized,
but, generally speaking, these yields are exceptional
and where a town has a population of the order of
10 000 it is usually necessary to use a surface-water
source. Such a source would normally be a river
and would, of course, require complete purification.
The type of purification adopted in this country is

that which is more or less standard throughout the

1 A copy of this agreement is available on request from
the author.

world. The water is first settled with alum, using a
variety of sedimentation systems. This is followed
by filtration, sterilization and pH adjustment. Gene-
rally speaking, rapid gravity filters are used but in
exceptional circumstances pressure filters are ope-
rated. After filtration the water is sterilized, using
bleaching powder in the case of smaller supplies and
chlorine gas in the case of the large urban supplies.
Where long mains are involved then the chloramine
method of sterilization is used. In addition the pH
value of the water is controlled by lime or soda ash.
So far, I have only considered methods of exploit-

ing underground water or already-existing perma-
nent sources of surface water, but there are many
areas in most countries where underground water is
non-existent or in very small and irregular amounts.
The largest area of this kind in Ghana is known
geologically as the Voltaian, and although there are
certain rocks in the Voltaian which do provide some
water, the majority of them do not. A considerable
amount of exploratory drilling has been done in the
area, practically always with poor results, and bore-
holes have gone as deep as 1200 feet without striking
water. The rocks are mostly sandstone and shale
and it has been found that they get tighter as one
goes deeper. In the few successful bore-holes which
have been drilled in the Voltaian, water has been
struck at shallow depths and has never been in any
great quantity.
There is also another area in southern Ghana

where pre-Cambrian metamorphic rocks outcrop.
These rocks generally only contain water in joints,
which are not very numerous, and they are often very
poorly weathered. Thus, drilling in them is a chancy
business, apart from the fact that the rocks are very
hard and therefore make this operation most
expensive. Drilling has been done on the Accra
Plains, which form part of the area in question, and
although a few bore-holes have been partially suc-
cessful, a large number have not, and all, without
exception, were very costly owing to the very hard
ground.

In such areas as this and where permanent surface
water is also non-existent it is necessary to consider
the possibility of conserving the wet season water,
which is often more than enough. In fact, in some
areas the whole countryside is flooded for several
weeks at a time. This conservation can be done by
the construction of ponds (tanks, hafirs or tapkis) or
small dams. Such ponds have been dug by hand
from time immemorial in many parts of the world.
India has a large number of tanks, and in the Sudan
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hafirs were dug by slave labour from the earliest
times, many such excavations being still in use. It
might be of interest to know that the main reservoir
for the El Obeid water supply was dug by hand by
Nigerian pilgrims on their way to and from Mecca.
Such ponds are now usually dug by mechanical
excavating machinery and a large number have been
dug all over Africa since the Second World War. In
Ghana ponds are being dug in Eastern Dagomba,
which is part of the Voltaian area, and also in Trans-
Volta in an area where the unweathered metamorphic
rocks are very close to the surface. Much of the
difficulty in this area is that it is impossible in many
places to dig the ponds deep enough because of the
shallowness of the weathering.

In places where it is difficult to get a thick enough
layer of impermeable clay, a combination of a pond
and an impounding reservoir is the answer, and this
has been done in many places in Ghana. It is
essential, however, when an impounding reservoir
is made that the spillway is always more than
adequate. In my opinion, such spillways for small
impounding reservoirs should always be excavated
in the solid. It is a different matter when a scientific-
ally designed dam is being made and where a con-
crete spillway is being provided.

It has also been found of value in Ghana to con-
struct concrete weirs across small streams in such a
manner that a considerable quantity of water is held
back. In some of these cases the aim has only been
to provide sufficient depth for pumping rather than
to provide a reserve for the dry season, since the
streams have been perennial. In such cases the weir
is constructed to the full width of the stream and the
concrete taken well back into the banks to avoid
erosion round the ends of the weir.

WELL-SINKING

There are various methods of well-sinking and the
most suitable in any particular case depends greatly
on the sinking conditions, the material available, the
well-sinking equipment available, and the skill of the
sinkers. It will also depend to a certain extent on
the depths to which the wells have to be sunk. The
methods dealt with here include the sink and line
method, using:

(I) bricks or masonry;
(2) pre-cast concrete blocks of various shapes and

sizes;
(3) reinforced concrete in situ;

and the open caisson method, using:
(1) bricks and masonry;

(2) pre-cast concrete blocks or cylinders;
(3) mass concrete in situ;,
(4) reinforced concrete in situ.
The sinking of wells has much in common with

the sinking of mine shafts, but I do not propose to
consider the method of sinking shafts by piling, as I
do not think it is applicable to wells in rural areas.
Neither do I consider that the cementing, freezing or
closed caisson methods are suitable for well-sinking
for rural water development. Although all these
systems are used in sinking shafts under difficult con-
ditions, they are far too extravagant in equipment
and complicated to be operated by well-sinking gangs
in the bush.
The technique of well-sinking on a large scale has

probably been developed to a greater extent in
Northern Nigeria than anywhere else. The original
technique as described in Cochran's Bulletin 16,
issued by the Geological Survey of Nigeria, is still the
basic technique used there, and it has recently been
adopted in Ghana. There have, of course, been a
number of improvements to this technique, in the
light of experience over the years. This system of
sinking deep wells for rural supplies is, in my opinion,
the best and the most economical for most condi-
tions. It must be borne in mind that the methods and
equipment used in sinking one large important mine
shaft cannot be entirely followed in sinking innumer-
able small shafts in remote areas. Some mass pro-
duction technique which can be used by illiterate
crews with very light supervision under a variety of
conditions must be adopted.
The various technical considerations which must

be taken into account before deciding on the
method to be used are:

(1) safety;
(2) cost;
(3) speed of construction;
(4) the quality of the completed well; and
(5) the possibility, where a large number ofwells are

needed, of devising a mass production system suitable
to be operated by semi-literate or illiterate sinkers,
where it is difficult to provide close expert supervision.

All the above considerations are dependent to a
greater or lesser extent on a number of subsidiary
factors.

Safety
The safety of the work depends on the nature of the

ground, the method of lining and, most of all, on the
training and discipline of the sinkers. Practically all
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accidents which have had to do with falls of ground
have occurred when the well has been shallow and
the top soil has collapsed into the well, in some cases
after heavy rain. Very few accidents have been due
to a collapse at depth. It is essential, therefore, in
the interests of safety, that the top 6-8 feet of every
sinking well should be lined by some means or other
before it is sunk any deeper. Many of the other
accidents have been caused by carelessness or dis-
obedience of standing safety instructions by the sink-
ers themselves. The other most likely cause of acci-
dents is that of encountering gas. This gas is
generally carbon dioxide, and it has been found in
serious quantities in places as far apart in Nigeria as
Sokoto and Owerri. Well-sinking in Ghana, luckily,
appears to be free from gas. In my experience, this
gas has invariably been found in a dry white sand.
This, I think, is well worth noting and such sands
should be viewed with suspicion. Pockets of gas can
quickly be dealt with if proper ventilating equipment
is available. It is remarkable that few accidents
seem to have occurred either on account of faulty
equipment or through stones or other matter falling
from the surface on to the sinker in the bottom of
the well.

Cost
The cost of well-sinking will depend on the dia-

meter of the wells, the cost of lining materials, the
method of lining and the speed at which the work
can be carried out, and the geological conditions.
The cost of construction also depends greatly on
the possibility of obtaining much of the raw materials
either free or at low cost. In many cases it has been
the custom for the villagers to provide all the neces-
sary sand, stone and water for the concrete, free of
charge, and they have also provided free accom-
modation for the well-sinking crews. This makes an
enormous difference to the cost of any well, and not
only is there a saving in the cost of materials but a
great saving in transport costs is made as well. In
parts of Ghana, a system whereby the Department
of Community Development and Social Welfare
arranges for all such materials to be provided free
has been recently adopted with very successful
results. The main cost of well-sinking can be divided
between labour and materials and therefore the
cheaper the materials are, the cheaper will be the
cost of the well.

Speed of construction
The speed of construction will be greatly influ-

enced by the method of construction and by the well-

sinking equipment used. Much time is often lost
owing to the crews having to wait for certain items
of equipment. This is particularly so when the well
is in water and efficient pumps are needed.

Quality of the completed well
The quality of the completed well is, of course,

largely dependent on the efficiency of the sinkers,
but it is also dependent on the season of the year in
which the well is finished. It is often impossible for
the sinkers to get down deep enough in the wet
season. If the well is shallow, it will possibly dry up
during the dry season. The only answer to this is to
deepen it during that time.

A mass production system
Although geological conditions vary in the area

where wells must be sunk, it is a great advantage if
some system can be devised which, although it may
not be perfect tor any particular set of conditions,
may be adequate in practically every condition.
When such a system is worked out, it is possible to
train comparatively illiterate crews to operate under
very light supervision, whereas if each well has to be
considered as a separate problem of its own, much
closer supervision would need to be exercised.
The system described by Cochran is a combina-

tion of the sink and line method using reinforced
concrete and the open caisson method using pre-
cast concrete blocks or cylinders. When the ground
was strong enough the sink and line method was
used. The concrete lining was placed in position
behind removable steel shuttering. Where the ground
was too weak to stand without immediate lining
(usually this was when an aquifer was reached), a
reinforced open caisson built of concrete bricks was
made and this was sunk into the aquifer. Originally
this caisson was built to the same diameter as the
main lining and after it was finished it was joined on
to the main lining above, reinforcement having been
specially left projecting from the top of the caisson
and the bottom of the main lining. This was always
a point of weakness; when wells were overdrawn the
caisson tended to break away from the main lining.

Because of this, after the Second World War,
caissons were made to telescope into the lining and
were left floating in the aquifer. This allowed them
to sink a little without disturbing the main lining or
causing damage to the well. Another modification
made to the caisson was that pre-cast cylinders were
us.d instead of bricks. These cylinders were 2 feet
high and were reinforced. They were lowered down
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the well, being provided with vertical holes so that
each cylinder could be lowered on to the projecting
reinforcement of the one below. This system greatly
speeded up sinking in running sands and made a
more efficient job. The fact that the caisson was
telescoped into the main lining helped to keep it
vertical, and the pre-cast cylinders saved much
arduous work in water. A special drill was worked
out to lower these cylinders down the well, as they
are quite heavy.
The sink and line method can be used to any

depths provided that the right equipment is available.
As mentioned above, it is essential, in the interests of
safety, to lipe the first 6 or 8 feet before sinking
further. After this top part of the well has been lined,
the next lift can be sunk down to almost any depth
provided that it is in good ground.
The method of sinking in good ground is as fol-

lows. The shaft is first dug out roughly and then
carefully trimmed, using a trimming mattock. While
the trimming is going on the shaft is carefully
plumbed and special plumb rods are used to ensure
that the well is completely vertical and is exactly the
right size. The diameter of the excavation is, of
course, the finished diameter plus twice the thickness
of the concrete lining. Generally the trimming is
done every 3-4 feet of depth.
When it has been decided that a sufficiently long

lift has been sunk, then a small curb is constructed.
This may penetrate from 12 to 15 inches into the
rock sides of the well and may be from 9 to 12
inches high. The curb should always be constructed
in strong ground. The reinforcement for the curb
and that for the main lining is then fixed. In some
cases, smaller intermediate curbs are made.
The steel shuttering, which is generally 2 feet high,

is then carefully centred so that the finished well
will be exactly vertical. After the shuttering has
been fixed the concrete is poured behind it. When
one set of shuttering is filled another is fixed on top
of it and more concrete is poured. This operation
is repeated until the shaft is completely lined. It is
possible to remove the shuttering after about four
days. In order to make lining easier, a lining scaffold
is provided. This is supported by the main rope of
the head frame, which is in the form of a steel
tetrapod. The sinker can sit on the scaffold, which is
similar to a bosun's chair, to fix the shuttering. Con-
crete can be passed down to him in a bucket on the
1/4-inch diameter steel ancillary rope.
There is no doubt that the sink and line method,

where the ground is strong enough, is far the quickest

system and the most economical in concrete, as the
lining is comparatively thin. Generally speaking a
lining thickness of 21/2 inches is sufficient. This
lining usually has a reinforcement of 7 vertical
3/8-inch mild-steel rods in it. Much, of course,
depends on the well-sinking equipment used to carry
out the work; a list of this is given in Annex 1.
Another very great advantage of the sink and line
method is that it is much easier to keep the well
absolutely vertical. Any slight deviation from the
vertical is not cumulative.
When the aquifer is reached, unless the water is

under pressure, it is usually found that the strata are
too weak to stand unlined and at this point the sink
and line method must be abandoned and an open
caisson, as described above, should be sunk. This
caisson, which is telescoped into the main lining, has
the disadvantage that it cuts down the effective size
of the well. However, it is considered that this
disadvantage is slight compared with that of having
a well constructed in such a manner that it may be
liable to collapse. It would, of course, be possible
to expand the main lining some little way above the
aquifer so that a telescopic casing of the same dia-
meter as the main lining could be constructed, but
this would be much more difficult and, what is more
important, more costly.

In Ghana, the system of well-sinking was generally
by the open caisson method, straight from the sur-
face. This method has now been superseded by the
sink and line method. This change has greatly
increased the speed of sinking and makes for much
better-quality wells.
However, if the wells are very shallow, it may be

necessary to use the open caisson method right
from the surface, but this is to be avoided where
possible as it is more expensive, slower to construct
and a caisson is much more difficult to keep truly
vertical. Any slight deviation from the vertical tends
to become cumulative. This is particularly so where
the caisson is very long compared to its diameter,
but even large-diameter caissons are sometimes
difficult to keep vertical. I would therefore recom-
mend that unless the well is likely to be less than
15 feet deep the sink and line method should be
used where possible.

It is sometimes necessary to sink large-diameter
caissons (say 16-20 feet in diameter) in river beds
and similar sites. Such caissons are usually used for
large supplies, and more mechanical equipment
is therefore available. Their thickness is often of
the order of 2 feet or more. With such a thickness
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it is unnecessary to reinforce the caisson apart
from the reinforcement put into the shoe. Such
caissons are generally sunk right from the surface,
but again there is no reason, if a considerable depth
of good ground has to be penetrated, why the sink
and line method should not be used.

If steel shuttering of the correct diameter is
available it is easier to pour the concrete in situ, but
if it is not available the caisson could be built with
concrete bricks on its inside and outside, the centre
of the lining being filled with concrete.
Whenever such caissons are to be sunk, the possibi-

lity of dewatering the ground and then excavating
to the required depth and building the caisson on
the dry ground should be considered, as many
caissons have been found expensive and sometimes
difficult to complete, especially where it has been
necessary to put in concrete bottoms because the
caissons have had to be built on very weak founda-
tions.

The equipment used for well sinking
The equipment used in Northern Nigeria is, in

my view, the best for sinking wells which have to go
down to any depth. In addition, a Fordson or other
tractor equipped with a Holman compressor would
provide great assistance in pumping out water
encountered at comparatively shallow depths. The
compressor could also be used for drilling in hard
rock where blasting is necessary. (See Annex 1
for a list of well-sinking equipment considered
suitable for one crew.)

Drilling
There are two systems of percussion drilling:

rod drilling and cable tool drilling. There are several
varieties of rotary drilling: water circulation, the
mud flush system, the reverse circulation system,
air blast drilling, diamond drilling, chilled-shot or
rotary core drilling and hammer-down-the-hole
drilling. All these have their advantages. In Ghana,
however, only mud flush and diamond drilling are
used at present.

Percussion drilling
This is the oldest method of drilling and was

first used in China, using bamboo rods. Rod drilling
is still used today. The Benin and Warri bore-holes
in Western Nigeria were drilled with rods. Such a
system is now obsolete for water drilling. Rod
drilling is also often used for shallow exploratory
holes for both minerals and water and to investigate
foundations. Such drilling appliances are often

worked by hand; examples are Banka, Isler and
Mackintosh drills. It is possible to put a 4½/2-inch
hole down to 120 feet with a Banka drill in suitable
conditions.

Percussion drilling nowadays is generally carried
out using a mobile cable rig. There are a number
of efficient percussion rigs on the market and of
these the ones used in Ghana are the Ruston 22W
and the Dando 800. The latter is a rather heavier
rig than the former and so can drill faster. A Dando
800 had no difficulty in drilling a 1200-foot-deep
hole at Gambaga in Ghana, but the conditions there
were very good for drilling and most of the hole did
not need to be lined.

It is unnecessary to go into details regarding the
principle of cable drilling; suffice it to say that it
consists of the lifting and dropping of a large heavy
bit (weight about half a ton 1). Water is needed in
the hole to assist the cutting. The drilling is con-
tinued for a certain time, after which the bit is
withdrawn from the hole and a bailer or sand pump
is lowered down the hole to lift up the cuttings.
The main advantage of percussion drilling over

rotary drilling is that it is much easier to detect any
aquifers encountered. The amount of water required
for percussion drilling is also usually much less than
for rotary drilling. Percussion rigs are usually
lighter and more easily handled. I personally con-
sider that where the holes are widespread and
comparatively shallow-say 200-400 feet-and drill-
ing conditions are reasonable, a percussion rig is to
be preferred. Less preparations are needed on the
site before drilling can start.
The average speed of percussion drilling varies

enormously with the conditions and, of course, is
much affected by breakdowns and fishing jobs,
but I give below average speeds which should be
maintained in various types of ground when other
extraneous factors are not considered. These
footages are based on an 8-inch hole and are for
an 8-hour shift:

Feet

Reasonably hard sandstone . . . . . . 6 - 16
Shales ............... . 20 - 30
Weathered phyllites . . . . . . . . . . 15 - 20
Fresh phyllites ..... . . . . . . . 5 - 8
Weathered granites and gneiss . . . . . 10 - 20
Fresh granites and gneiss .... . . . 0.5 - 7
Quartzites ..... . . . . . . . . . 5 - 12
Limestones ............. . 20 - 30
Clays and silts . . . . . . . . . . . . 10 - 50

1 1 ton= 1.016 metric tons.
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Much of the efficiency of percussion drilling
depends on having the correct tools for both drilling,
bit dressing (this is most important) and fishing.
Annex 2 gives a suggested list of equipment for
a Ruston 22W rig which would be capable of
drilling a 600-foot hole under various geological
conditions.

Rotary drilling

Generally speaking, diamond drilling and chilled-
shot drilling are not usually used for water drilling.
The usual rotary system when drilling for water
in Ghana is the mud flush system. This consists
of the drilling table, which imparts a rotary motion
to the drill pipe and so to the bit, and a mud pump
which pumps mud to the bottom of the hole through
the hollow drill pipe. The mud then rises up the
hole on the outside of the drill pipe and brings the
cuttings with it. It also supports the unlined walls
of the hole and stops caving. In addition to these
main parts of the rig, there are of course a number
of drums for lifting the drill pipe, casing, etc. The
cuttings are settled from the mud and the mud is
then recirculated. As the hole is completely filled
with mud, it is often difficult to realize when water
is encountered and it is quite easy to go through a
small aquifer without notizing it.
There is no doubt that rotary drilling can be up to

ten times faster than percussion drilling when
everything is going perfectly. However, a rotary
rig takes much longer to set up and much more
preparation has to be made and much more elabo-
rate surface work is required before work can start.
Practically nothing is needed before work can start
with a percussion rig, but for a rotary rig, mud pits,
etc., must be dug, suitable mud must be found, a
supply of water must be laid on and so on. Gene-
rally speaking, little damage is done if a percussion
rig has to stop drilling, but with rotary drilling it
is very easy to lose the hole completely if the rig
has to stop drilling for any length of time. It is
preferable to operate such a rig for 24 hours per day,
as is always done when drilling for oil.

Because of the time taken in setting up, etc., a

rotary rig is most suitable where the hole is deep.
In Ghana we have only drilled to 1500 feet, but it
would be quite possible to do another 1000 feet
with the Failing rigs we have. It is also much easier
to drill with a rotary rig where there are large
thicknesses of very weak strata. With a percussion
rig, in such ground, it would be necessary to follow
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the bit down with the casing, which may well
become frozen. With rotary drilling no casing need
be used until the drill has gone to the final depth,
although when the strata and final depth are known,
casing is usually put in at predetermined intervals,
and if the surface ground is weak it is essential that,
say, 50 feet of large-diameter casing are cemented
in before drilling further, otherwise a collapse of the
ground round the rig may result.
Owing to the greater possibility of mishaps when

drilling with a rotary rig, much closer and more
skilful supervision is ,needed. For example, a very
close check must continually be kept on the composi-
tion of the mud. The mere fact that the hole is
unlined to great depths means that closer supervi-
sion is needed. In addition the capital cost of a
rotary rig is much greater than that of a percussion
rig.

Before any water can be extracted from the hole
all the mud must first be removed. The following
procedure is normally adopted after the hole has
been drilled to the required depth. It can be assumed
for the purpose of this example that it is completely
unlined except for the top 50 feet and that the whole
is in unconsolidated ground. The main casing is run
to the top of the aquifer and then cemented in,
using a cement plug which plugs the hole below
where cementing is required. Cement is then
pumped down the casing so that it is forced up the
annular space outside the casing. A check valve
prevents the cement from coming up the inside of the
casing. The amount ofcement required is calcul.ated;
it is allowed to set and then the plug is drilled out.
The screens are then run and placed against the
aquifer. Great care should be taken to ensure that
thev are strong enough to stand the weight of the
pipe on which they are run. We have recently had a
screen collapse under the weight of pipe above it and
almost lost a very costly hole. After the screen has
been set the mud is removed by circulating water
and then backwashing is done to develop the aquifer
properly. Such development may take several weeks.
The yield of a bore-hole can be increased consider-
ably by careful and thorough development.
The equipment attached to a rotary rig is much

more valuable and comprehensive than that of a per-
cussion rig and furthermore it is much more impor-
tant that it should always be available on the spot.
A small tool missing may involve the loss of the hole.
In Annex 3 is a list of equipment which I consider
should be used with a Failing rig of the type used
in Ghana.
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Another system of rotary drilling, which is finding
increasing use in drilling for water under certain
conditions, is that known as reverse circulation drill-
ing. This has certain advantages over ordinary
rotary drilling but it also has a number of disadvan-
tages. It is essentially for use in free-yielding alluvial
ground. The difference between it and normal
rotary drilling is that the water and cuttings are
sucked up the drill pipe by a suction pump and more
water is fed down the hole on the outside of the drill
pipe. This is exactly the reverse of the mud flush
type drilling, where the mud is pumped down the
drill pipe. Reverse circulation has been extensively
used in India and Pakistan on the large alluvial
plains of the great rivers of those countries. The
advantage claimed for reverse circulation drilling is
that a completely mud-free hole is drilled, so much
greater yields can be obtained. It would appear,
however, at first sight, that its use is likely to be
somewhat restricted and much may depend on the
possibility of providing it with a large supply of
drilling water. The speed of drilling, however, is
phenomenal and the yields are even better than from
holes of the same size drilled by percussion methods.
It is most useful when holes of two or three feet in
diameter are needed.
As a rule, I consider it is better to use percussion

drilling where the details of the strata are unknown,
as each water show can be easily detected and
tested by baling. Shallow holes are also more suit-
able to percussion methods. Rotary drilling is more
suitable to weak ground and deep holes. Below is a
table of rotary and percussion drilling performances
in different strata:

Formation Percussion Rotary

Dune sand Difficult Fast
Sand and gravels Difficult Fast
Boulders in alluvial

plains Difficult Very difficult
Clay and silts Reasonably fast Fast
Shales Fast Fast *
Poorly cemented

sandstones Fair Slow
Limestones Fast Fast, if not
Chalk with flint fissured

boulders Fast Slow
Fissured formations Fair Slow and very

difficult
Granites Slow Slow and

expensive

To date over 600 bore-holes have been drilled in
Ghana. Their depths range from 100 feet to 1500

feet and they have been drilled through types of rock
as diverse as running sand and very hard gneiss.
Very successful results have been obtained near the
coast in both the south-west and the south-east of
Ghana, where bore-holes with very high yields (up to
12000 gal./hour) have been drilled. On test, one
hole gave 288 000 gallons in 24 hours. A few of
these holes have been artesian and quite a number
have been very nearly artesian. In some cases the
holes have been drilled through as much as 300-400
feet of saline aquifers, which have been sealed off
before tapping the abundant fresh water beneath.
In the granites, etc., results have been good but not,
of course, as high-yielding as in the sediments men-
tioned above. Yields from a few hundred gallons
per hour to 5000 gal./hour have, however, been
obtained. They have averaged about 1000 gal./hour.
The cost of drilling varies greatly with conditions

and according to whether trouble has been met with
or not. One might give an estimate of £Gl-£G12
per foot, averaging about £G4-G5 per foot.
Contract drilling has cost £G8-£G9 per foot.

Driven twbe wells
Driven tube wells or, as they are sometimes called,

Norton or Abyssinian tube wells can be used if the
conditions are suitable. The original type consisted
of a 11/2- or 2-inch tube which was pointed at one
end and had the bottom two or three feet perforated.
This tube was driven into the sand of a river bed or
into the alluvium of the bank. The aquifer then had
to be developed by the use of a hand pump. It was
sometimes necessary to use a small l/2-inch pipe
inserted down the tube to clean out any fine silt first.
The perforated pipe at the bottom was sometimes
covered with a brass or copper screen in order to
prevent the entry of fine sand.

In order that a tube well may work effectively, the
strata into which it has been driven must be very
freely water-yielding. Sand or gravel is the ideal;
even so, it is rarely that a single tube well will yield
enough to justify anything but a hand pump.
The method of driving the tube into the ground is

to fix a clamp round the barrel of the tube. A large
weight (some 85 lb.') which has a hole through the
middle is then repeatedly dropped on to the clamp,
which in turn drives down the tube. The tube is
usually in 5-feet lengths, so that at every 5 feet of
penetration another length of tube must be screwed
on. Such tube wells can be driven very quickly into

11 lb=0.45 kg.
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the right type of ground and it is possible to provide
a clear supply of water within an hour of arrival on
the site if the conditions are favourable. However,
it must be emphasized that the latter factor is
essential. Nothing can be more striking than to see
crystal-clear water pumped from a tube well driven
into the sand bed of a flowing river that is the colour
and consistency of mud. Such was found to be pos-
sible on the River Tana in Kenya.

Jetted tube wells
A modem development of the driven tube well is

the jetted tube well. The main difference is that
water at high pressure is pumped down the tube so
that a strong jet of water, sufficient to wash away
earth or sand, emerges at the point of the tube. The
tube then falls into the ground under its own weight.
Such jets cannot, of course, operate in ground which
is too hard, but in suitable ground a tube can be put
down in a matter of a few seconds.

This method of jetted tubes has been developed
more with a view to dewatering heavily waterlogged
ground which is required for building. It is possible
to dewater an area of running sand so that it can be
excavated, and whatever is required can then be
built in the dry. The dewatering must, of course,
continue throughout the whole period of construc-
tion. A breakdown causing a cessation of pumping
would be fatal, and so an adequate standby is
essential for such dewatering jobs. Dewatering
apparatus is also used when laying pipes in running
sand. It can include anything up to 60 or more tubes
coupled together, surrounding the area to be
dewatered. Such a " well point " system, as it is
called, can also be used to provide a water supply
either from the sands of a dry river bed or from
heavily waterlogged ground. Although this system

has not been adopted for producing water in Ghana
the equipment has been bought so that difficult
dewatering problems can be simplified.

POND DIGGING

The modern method of constructing ponds is with
heavy earth-moving machinery. Such machinery
should be of the largest size and should be tracked.
Caterpillar D.8s and scrapers are among the most
suitable types for this work. They are robust and
slow-moving. Wheeled tractors are not suitable, as
in digging comparatively small ponds there is not a
sufficient length of haul to allow them to reach their
top speed. In addition they find it difficult to load
in the short lengths of the pond without a pusher
being employed to assist them, and with such a short
haul it means that one pusher would be required for
every wheeled tractor, if delays are to be avoided.
In the construction of a pond for rural supplies the
distance in which the scraper must be filled is only
30 or 40 yards 1; furthermore, the gradient of the
slope in and out of the pond must be made as steep
as possible if undue evaporation is to be avoided, so
it is much better to have the heavy slow-moving
tracked equipment. A list of equipment needed for
this work is given in Annex 4.
Where the pond is to be combined with a dam the

haul tends to be longer, as it is often desirable to use
all the spoil from the pond on the construction of the
dam. One thing which must be avoided when con-
structing ponds and dams in quantity is the treating
of each pond or dam as an individual design. A
standard drill should be worked out so that the
operator knows exactly what to do without further
instructions. The same drill should normally apply
to all ponds in the area.

METHODS OF RAISING AND CONVEYING WATER

Having discussed the various methods by which
water sources can be exploited for the use of man,
we must now consider the means by which the water
can be extracted from the sources and delivered to
the point of consumption. Apart from the few
supplies from spring catchments of which the sources
are higher than the towns or villages being supplied,
and water coming out of bore-holes under artesian
pressure, it is necessary to provide some hand or
mechanical means of extracting the water. This may

range from a leather bucket on the end of a hand-
made rope to a submersible, electrically operated
bore-hole pump.
For the purpose of determining the type of pump-

ing equipment needed, it must first be decided
whether such pumps are to be operated manually or
by animals, wind, petrol or Diesel engine, or electri-
city. In addition, pumping problems can be divided

11 yard=O.9 m.
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into two classes: shallow sources where the suction
lift is never more than about 20 feet and deep
sources where the suction lift is greater.

Shallow sources include most surface supplies
such as ponds, lakes and streams and also wells and
bore-holes where the water level is sufficiently near
the surface. Deep sources are usually bore-holes
and deep wells. In Africa one might also classify
certain rivers under this heading, as many rivers have
a rise and fall of well over 30 feet during the year.
The motive power of both shallow and deep pumps
can be by any of the means enumerated above.

HAND- OR ANIMAL-OPERATED APPLIANCES

There are many types of manual or animal-
operated appliances for lifting water from shallow
sources such as ponds, rivers or shallow wells, and
the windlass or roller-type well top is used on deep
wells. These appliances include the shadouf and
the Persian wheel. The shadouf is used in many
parts of West Africa to lift water from the rivers
to irrigate the farms and is operated by manual
labour. It consists essentially of a long counter-
weighted beam from which a leather bag dips into
the river. The filled bag is then lifted by the beam
and the water poured out into the irrigation channel.
The Persian wheel is usually operated by a donkey,
ox or camel. It consists of a large-diameter wheel
partly immersed into the source of the supply.
On the circumference of the wheel are fixed a number
of leather buckets, the wheel is turned by a system
of wooden pinions. There are a number of more
modern versions of animal-driven pumps, such as
the Brimac, but these have a very limited applica-
tion.

Modern handpumps
These can be divided into reciprocating, semi-

rotary and rotary, according to the method of
operation. Both the reciprocating and the rotary-
type hand pumps have in fact a reciprocating
mechanism for lifting the water, the difference being
that in one case the operator moves the handle up
and down as in the old village pump, and in the
other he turns a handle. The mechanism below
ground, however, is the same. The semi-rotary
pump is usually only used in this country for pump-
ing from water tanks which collect rainwater from
the roofs of buildings. Reciprocating pumps, apart
from tube well pumps, are not to be recommended
in Africa. They generally suffer from misuse. The

only suitable hand pumps, either for deep or shallow
wells or bore-holes, are those which have to be
operated by turning a handle. These can be
geared or ungeared and can have either one handle
or two.

WINDMILLS

There are several reliable makes of windmill and
these can be utilized for pumping from shallow or
deep sources. Where the source is shallow it is
possible to use a suction-type pump so that the
windmill itself does not have to be erected imme-
diately over the source. Generally speaking, where
the source is deep, it is necessary to erect the wind-
mill immediately over it, so that the driving mecha-
nism is in line with the bore-hole or well. As a
rule the windmill is of a multi-vaned type. The
vanes drive the reciprocating mechanism through
gears, which are fixed in an oil bath. Other kinds
of windmill, such as the aeroplane propeller type,
can also be used.
The value of a windmill depends very much on a

reliable wind supply and this is likely to be doubtful
in most places in the tropics. However, it is thought
that where it is possible to take advantage of the
land and sea breezes near the coast, and where the
water level is not too deep, windmills will operate
with reasonable efficiency and regularity. Such
windmills have already been installed in one or two
villages on the coast of Ghana. Where the village
is small, it is possible to fit a hand attachment,
which can be used should the wind fail. In larger
villages it is possible to fit a power head; this can
be driven by a Diesel engine. All these systems are
at present operating in Ghana. It has been found
that, where the water level is at a considerable depth,
counter-weights fixed to the rods make a great
difference when the wind is light.

MECHANICALLY DRIVEN PUMPS

Reciprocating pumps
Reciprocating pumps can be divided into two

classes: those to be used where the source is shallow
and those to be used where it is deep. Most of those
used where the source is shallow have pistons
operating horizontally, although this is not inva-
riably the case. There are many makes of this type
of pump and most of them are quite efficient.
Where the water level is deep the actual pump
barrel is placed in the bottom of the bore-hole and
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is operated by wooden or steel rods. The rods are
actuated by a power head at the surface which is
driven by a petrol or Diesel engine.
Although it may be as good in other respects,

a bore-hole pump which has no positive down
stroke has a disadvantage when it is necessary to
pump water to a considerable height above the
power head. Such a pump needs the gland
tightening more than normal to prevent leakage,
with the result that it is inclined to prevent the
polished rod from falling under the weight of
the pump rods.

Centrifugal pumps
The advantage of a centrifugal pump over a

reciprocating pump is that it is more suitable for
dirty water or water which contains a lot of solids
and when large quantities of water have to be
pumped. The reciprocating pump is used to ad-
vantage when a comparatively small quantity has
to be pumped to a great height. Reciprocating
pumps for large quantities are not generally made
nowadays. Of course, the old beam pumps are
still working in many parts of the world. Some
of these are over a hundred years old and are
unlikely to be worn out for some time yet. Centri-
fugal pumps are unlikely to last as long as recipro-
cating pumps as they have fast-moving parts. They
are, however, lower in initial cost and are smaller
in size; simpler foundations are therefore required.
There is no danger of damage to the pump if it is
started against a closed valve, as would happen
with a reciprocating pump-in fact, any centritugal
pump which has to deliver to a height should be
started with the delivery valve closed to lower the
starting torque. With a reciprocating pump, in-
creasing the head is inclined to overload the engine,
as it is a constant speed and quantity pump. The
reverse is the case with a centrifugal pump, as
the quantity falls faster than the head rise and so the
horse-power falls.
The design of an impeller of a centrifugal pump is

very greatly dependent on the kind of water it has to
pump. The more solids which are in the water, the
more open the impeller will be. Certain modem
centrifugal pumps are lined with rubber to reduce
abrasion and others with phosphor-bronze or other
special alloys to reduce corrosion or abrasion. A
centrifugal pump is very suited for an electric drive
but, ot course, electricity is often not available in
rural areas. However, it can, of course, be driven by
a Diesel or petrol engine.

Centrifugalpumps for deep sources

These can be divided into two types: those where
the drive mechanism is on the surface and those
where it is down the bore-hole or well. The type
where the drive is on the surface is the spindle pump.
This is a pump which can be used in bore-holes but
is more often used in large wells. The motive power
drives a long spindle, which goes down the bore-hole
or well and drives a pump rotating on a vertical axis
at the bottom of a bore-hole. It is essential with these
pumps that the bore-hole is absolutely straight, as
otherwise rapid wear of the bearings of the spindle
will occur. This type has the advantage that if an
electric supply is not available it can be driven by a
Diesel engine using a special geared drive head.
The other type is the electric submeisible pump,

which depends on the availability of electric power.
Furthermore, the supply must be A.C., and it should
preferably be 3-phase. In this case the pump and the
motor are submerged in the water. So long as the
bore-hole is straight enough to introduce the rising
main, that is sufficient. The pump and motor are
suspended on the rising main, to which the electric
cable is clipped. This device also has the advantage
that it can be used on an incline. It can be used to
pump very large quantities through high heads. It is
not, however, very suitable for dirty water. Its main
use is in connexion with bore-holes and, generally
speaking, such bore-holes provide clean water. Such
pumps require very little supervision and can be
made automatic, so that they switch on and off
according to the depth of water in the reservoir and
also according to the depth of water in the bore-hole.
A difficulty is sometimes experienced when the power
installation is only small. Electricity undertakings
do not like squirrel-cage motors of more than small
horse-powers, and all submersibles have motors of
this type. The high starting torque can, however, be
cut down by using auto-transformer starting.

THE AIRLIFT AND OTHER DEVICES

Another way of raising water from bore-holes is
to use an airlift. This consists of a small-diameter
tube inside or outside the rising main. The open,
bottom end of this tube is placed so that it can inject
compressed air into the rising main. This aerates the
column of water inside the rising main with the result
that, in order to balance the denser column of water
outside, the water rises up the main. The only
moving part on an airlift is the compressor, which
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provides the compressed air; no valves or any moving
parts whatsoever are required in the bore-hole. Thus
any abrasive matter in the water does not affect the
installation. The compressor itself can, of course, be
located anywhere regardless of the position of the
bore-holes. It is the only system which allows a
standby to be provided when pumping from a single
bore-hole. It is possible to work more than one
bore-hole from one compressor if they are near
enough together. The water is also often sensibly
purified by the aeration which takes place. The
disadvantages of the system are that the bore-hole
must be about twice as deep as the working lift and
the system has a very low efficiency.

Another system is the jet pump, but this is not
used to any great extent. It has the advantage, as has
the airlift, that there are no moving parts below
ground. It consists of a pump which provides a
strong jet of water. This jet creates a vacuum, with
the result that the water is drawn into the system and
raised to the pump on the surface by the energy of the
circulating water.

I have not considered sinking pumps. Generally
these are confined to well-sinking and are usually either
flex-driven pumps with the engine on the surface and
driven by a flexible drive similar to a car speedometer
cable, or compressed-air-driven pumps, which are
supplied with compressed air from the surface.

MANAGEMENT OF WATER SUPPLIES

STANDARDIZATION

It is most important, when water supplies are to be
organized on a national scale, to attain a high degree
of standardization, and this is the practice in Ghana.
Standardization is applied not only to transport and
constructional plant but also, to a lesser extent, to
the static plant used at the various waterworks. This
has the great advantage that sufficient spares can be
held to provide for complete overhauls without
having to depend on outside help for such spares.
There is also the added advantage that maintenance
men and operators can work more efficiently when
the number of makes of machine they have to work
with are limited. It is also possible to hold stocks of
complete units for immediate replacement.

Another important matter in regard to standard-
ization which arises in a country-wide organization
is the possibility of standardization of design. In the
case of large-city supplies each design must be
treated as an individual problem, but in the case of a
large number of smaller supplies it is possible to
insist that many of the details of the supplies should
be identical with those of neighbouring systems, in
spite of different site conditions. It is possible
almost to duplicate designs in different parts of the
country. Thus, an enormous amount of time and
money is saved. In Ghana there are now standard
designs for sedimentation tanks, reinforced-concrete
rapid gravity filters, chemical dosage and storage
houses, and reinforced-concrete service reservoirs of
the following capacities: 5000, 8000, 12 000, 20 000,
50 000, 100 000 and 200 000 gallons, and special
shuttering units have been purchased for constructing

the reservoirs. In addition, designs are held which
can be adapted for 1-, 2- and 6-million-gallon
reservoirs to meet the requirements of major
schemes. Standard designs are also available in the
design office of the Water Supplies Division for
pump-houses for all the various standard pumping
units used by the Division, including bore-hole
pumps.

Standard drawings are also held for high-level steel
tanks of various sizes. In fact, it is possible, apart
from any necessary design of the intake, to provide
complete designs for the various units embodied in
any small-village water supply. Of course, the
surveys and the broad design have to be carried out
first, after which the detailed surveys must be done
to connect up the various standardized units. This
design standardization greatly alleviates the burden
of a very understaffed Division.

OPERATION AND TRAINING

With the enormous expansion of water supplies,
both in number and in size, throughout Ghana, it is
realized that a greatly increased number of trained
personnel will be needed. So far, the problem has
been solved by duplicating a certain number of posts
in the present water supply services so that, as a new
water supply is completed, personnel will be available
to operate it. They are usually posted to the new
supply some time before it is finished so that they
will have a thorough knowledge of its various parts
well before the supply comes into operation.
To help filter attendants in particular, a special

training manual was prepared in 1955 by the then
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chief chemist and bacteriologist, Mr T. W. Brandon.
This manual gives comprehensive instructions for
the performance of all the duties required to be
carried out by filter and waterworks staff. Every
type of sedimentation used in the country (horizontal
flow, deep hopper-bottomed vertical flow, circular-
type vertical flow (clarifiers) and fill and draw tanks)
are described in detail and the same detailed descrip-
tions and instructions are given in respect of all the
different types of filtration system used in Ghana
(slow sand, rapid gravity and pressure filters). In
all the above the advantages and disadvantages of
each type are given. The general tendency in Ghana
is to use vertical flow sedimentation and rapid
gravity filtration, although in special conditions other
systems are used.

Similarly the problems of sterilization are dealt
with in great detail. As mentioned above, the
general rule in Ghana is to use chlorine gas for the
large supplies and bleaching powder for the small
supplies. Where there are long mains, ammonia in
the form of ammonium sulfate is added to the
chlorine to form chloramine so as to maintain a
longer residual concentration. We normally aim at
a residual concentration of 0.5-1 p.p.m. Ozone or
other means of sterilization are not used in Ghana.
The question ofpH adjustment and measurement is

also described in detail in the training manual. The
adjustment of the pH to about 8.5 is made by adding
lime or soda ash. The problem of softening is
discussed. At present there is only one supply (from
bore-holes) which is softened. In this case lime is
used.
Apart from the above descriptions and instruc-

tions with regard to the actual operation of the sup-
plies full instructions for the care and maintenance
of the various dosing appliances (chloronomes, lime
mixers, injection pumps, etc.) are given, as well as
instructions on the determination of residual chlo-
rine, pH and hardness and the preparation of the
various chemical solutions needed for water purifi-
cation.
As regards bacteriological examination, a " pre-

sumptive coliform test " is made at the main water-
works, samples from the smaller supplies being sent
there. This is done by incubating the water at blood
heat with MacConkey broth. Should coliform
organisms be grown, gas is liberated and acid is
formed. Samples are then sent for examination
either to the laboratory at Accra or to the one at
Kumasi, where the origin of the coliform organisms
(faecal, soil, vegetable) can be ascertained.

Finally, the manual gives full instruction on the
keeping of records, which is most important. Impro-
perly kept records may be disastrous - for example,
shortage of fuel or chemicals may bring the works to
a standstill. This is probably more important in the
less-developed countries, where communications are
sometimes difficult and chemicals, etc., have to be
imported.

Costs are not dealt with in detail in this paper, but
the operating costs and quantities of water produced
at some of the main supplies in the country are
shown in Annex 5.
There is one more point which I would like to

touch on, and that is the method of charging for
water. Much has been written on this subject and
there are many different systems in use. All these
systems have the object of making the water under-
taking self-supporting. Nevertheless, there are many
authorities who regard water supply as a social
service and believe that it should be provided irres-
pective of the ability of the population to pay a
realistic rate. Such a problem usually arises in the
smaller communities where the cost of water is high
in relation to the quantity required.
The Government of Ghana has taken the view

that rural supplies should be self-supporting in so far
as the operating costs are concerned and an arbitrary
figure of 2/6 per 1000 gallons has been fixed for all
rural piped supplies operated by the Water Supplies
Division. This figure is quite divorced from any
actual costs for any particular water supply, but is
considered a reasonable amount when assessing the
operating costs of all the rural piped supplies. The
high-cost supplies are to some extent, therefore,
subsidized by the low-cost ones. The payment of
this rate is implemented by charging the local
councils for the water in bulk. They themselves
are responsible for the collection of the indivi-
dual rates and they make their own rules in regard
to this. This bulk charge is embodied in the form of
an agreement, to which reference was made earlier
(p. 517). Where the water supplies are so simple that
they can be operated by the councils themselves, a
different system is followed. The supply is handed
over to them and they pay for the operation (wages,
fuel, etc.). As these councils have not the organiza-
tion to maintain such supplies, they sign an agree-
ment 1 with the Division for the latter to inspect and
maintain them.

1 A copy of this agreement is available on request from
the author.
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RESUMt

La distribution de l'eau au Ghana qui compte 6 700 000
habitants repartis sur 259 000 km2 est un probleme essen-
tiel pour ce pays des points de vue sanitaire et economi-
que. Le gouvernement accorde toute priorite a ce projet.
L'auteur rappelle que les agglomerations importantes
sont deja alimentees en eau potable, de meme que beau-
coup de villes de moindre importance; a l'achevement
du second plan quinquennal, le probleme de l'eau sous
conduites sera resolu pour l'ensemble de la population
urbaine. Le service d'adduction sera etendu aux villages
importants, et meme les petits villages auront un systeme
de distribution elementaire adapte a leurs besoins.
L'article donne des d6tails sur les travaux realises au
cours du premier plan quinquennal et sur les projets que
comporte le second plan quinquennal.

Suit une description des methodes utilisees pour
construire les differents types d'adduction, qui vont des
installations les plus modestes et les plus simples a celles
des grands centres urbains. Ces dernieres exigeant a elles
seules une documentation complete, l'auteur donne
surtout des informations detaillees sur les adductions
d'eau moins importantes. Les facteurs a considerer sont:
la libre disposition d'une source, l'importance de la
collectivite, les facilites d'accas, et la possibilite de des-
servir simultanement un certain nombre de villes ou
villages. I1 faut r6server les installations les plus simples
possibles aux petits villages isoles, alors que des systemes
plus complexes peuvent etre mis en ceuvre dans les
grandes villes. Une simple source peut suffire aux besoins
d'un village, mais elle sera tout a fait impropre pour une
agglomeration de quelque importance. Ainsi, les sondages
sans systeme d'epuration donnent satisfaction dans le
premier cas, mais leur debit est en general insuffisant
pour les grandes collectivites. A l'ordinaire, il faut

utiliser des eaux puisees en surface qui sont ensuite
epurees.
Le puits ouvert represente le mode d'approvisionne-

ment le plus simple; il est en usage dans les villages les
plus recules du Ghana tout comme dans l'ensemble de
l'Afrique. L'auteur fournit des details sur les divers
proced's de creusage en indiquant leurs avantages et
leurs inconvenients. Le besoin d'une methode unifor-
misee se fait sentir.
A propos des types d'approvisionnement en eau les

plus compliques, les divers systemes de forage sont passes
en revue. I1 est fait mention de la cr6ation de reserves
artificielles selon des methodes modernes: le procede est
susceptible d'interesser le Ghana ou les eaux souterraines
font souvent defaut alors que les rivieres tarissent. I1 va
de soi que dans de telles conditions la seule ressource
consiste a recueillir les eaux de la saison des pluies.

Ensuite, les divers procedes d'elevation et de distribu-
tion de l'eau sont envisages: pompes actionnees a
la main ou par un animal, pompes eoliennes ou meca-
niques.
La necessite d'une standardisation des types d'appa-

reillage fait l'objet d'une discussion. Toutes les fois que
la distribution d'eau est prevue pour tout un pays, la
standardisation est essentielle: elle permet l'utilisation
repetee des memes plans techniques et la mise en place
des memes appareillages avec d6p8t central de pieces
d6tachees.
La formation des preposes au service des eaux est

ensuite d6crite, ainsi que les diverses m6thodes pour
controler la potabilite.
En conclusion, l'article aborde la question du finance-

ment qui interesse tous les gouvernements qui sont
engages dans des travaux de cet ordre.

Annex I

WELL-SINKING EQUIPMENT

1 Sinking headframe
"/2-inch steel wire rope
'/4-inch steel wire rope for concrete
/8-inch steel wire rope for plumbing
(The lengths of the ropes will depend largely on

the normal depths to which well-sinking is being
carried out.)
1 Tumbler hook
1 Oil can
3 Kibbles (capacity, 2 cubic feet)
2 Concrete buckets
2 Miner's bars

2 Cold chisels
1 Sledge-hammer (7 lb.)
6 Knapping hammers (11/2 lb.)
2 Trimming mattocks (3 lb.)
1 Sinking mattock (5 lb.)
2 Miner's picks (3 lb.)
1 Miner's pick (5 lb.)
2 Filling shovels, 2-foot shafts, round nose
4 Mixing shovels, 3-foot shafts, square nose
1 Lining scaffold
6 Sets high steel shuttering 4 feet diameter x 2 feet

7
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2 Sets high steel shuttering4 feet diameter x 1 foot
18 Shuttering wedges
72 1/2-inch shuttering nuts and bolts
1 3/4-inch mesh sieve
1 1/4-inch mesh sieve
1 1/8-inch mesh sieve
1 Mason's trowel
1 Pair pliers
2 T-head, 6/8-inch box spanners
1 T-head, 1/2-inch box spanner
2 1/2-inch shuttering spanners
1 Shifting spanner
2 Head pans
2 Miner's hats
(Various plumbing rods, etc., are made locally.)

1 Fordson tractor fitted with Holman compressor
and equipped with tools and a compressed-air-
driven pump. (These should be shared between
a number of crews.) The compressed-air drills
are most useful in drilling hard ground pre-
paratory to blasting.

Where artificial ventilation is necessary, a small
2 horse-power Lister petrol engine, driving a centri-
fugal fan, should be provided. This can be shared
between a number of crews. The ventilation tube
can be made of light 5-inch galvanized iron pipe or
rubberized canvas hose. It must be clipped at fre-
quent intervals to the lining of the well. In a dry
climate, care should be taken that a strong draught
of cold dry air is not played on the sinker.

Annex 2

LIST OF PERCUSSION DRILLING EQUIPMENT FOR OPERATION IN THE BUSH

1 Truck or trailer mounted drilling rig complete
with 1000-foot 3/4-inch L.H.L. drilling line
6x 19, 1000-foot 3/8-inch R.H.L. sand line
6 x 7, 200-foot 6/8-inch R.H.L. casing line
6 x 37, 4 guy lines, 4 pickets and anchor plates,
2 10-ton screw bottle jacks complete with
handles, air blower and hose for field forge,
large tool box

Drilling tools
1 Prosser type rope socket complete with swivel

for 3/4-inch line 21/4 x 31/4 A.P.I. standard
thread

1 Spare swivel for rope socket 3/4-inch line
1 Drilling jar 6 inches x 9-inch stroke, 2¼4 x 31/4

A.P.I. standard thread
1 Drilling stem 16 feet long, 2/4 x 3/4 A.P.I.

standard thread
2 Regular pattern drill bits 6 inches diam.

21/4 x 31/4 A.P.I. standard thread
3 Regular pattern drill bits 8 inches diam.

2/4 x 3/4 A.P.l. standard thread
3 Regular pattern drill bits 10 inches diam.

2¼/4 x 34 A.P.I. standard thread
2 Regular pattern drill bits 12 inches diam.

2¼/4 x 31/4 A.P.I. standard thread
1 Spudding pattern drill bit 14 inches diam.

2¼4 x 3¼/4 A.P.I. standard thread
4 Bit gauges 6, 8, 10, and 12 inches diam.

1 R.H. tool wrench claw end
I L.H. ., .. .. ..
1 Bar and chain tightener
1 Dart valve bailer 5-inch diam. x 14 feet
1 ,, ,, ,, 7-inch diam. x 10 feet
1 Clack ,, ,, 7-inch diam. x 10 feet
1 ,, ,, ,, 81/2-inch diam. x 10 feet
1 ,, ,, ,, 11-inch diam. x 10 feet

Casing handling tools
1
1
2
2
2
2
1
1
1
1
1
1
2
2
2
2
1
1
1

Set casing elevators 6-inch diam.
,,1 9,, ,, 8-inch diam.

Casing lifting hangers for 6-inch casing
for 8-inch casing
for 10-inch casing
for 12-inch casing

5-ton return block with swivel, 14 inches
Casing spider and bushing
Set slips for 6, 8, 10, 12-inch casing
Set clamps for 6, 8, 10, 12-inch casing
Melting pot for Babbitt metal
Blowlamp, 1 pint
18-inch Stilson wrenches
36-inch ,. ..
Shovels, round nose
Picks complete with handles
Felling axe
Bush saw
Fritter tool box complete with tools
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2 60-ton hydraulic jacks-twin operated
2 Chain wrenches 6 or 18-inch casing
2 Chain wrenches 10 or 12-inch casing
1 Drive clamp, heavy duty, with wrench 4 inches

square
1 Screw-in drive head 1 each 6-inch, 8-inch
1 Drop-in ,, ,, 1 each 10-inch, 12-inch
4 Drive shoes 6, 8, 10, 12 inches

Fishing tools
1 Babcock rope socket 3/4-inch line
1 Fishing jar long stroke, 2¼/4 x 31/4 A.P.I.

standard thread
1 Fishing stem 4-inch diam. x 10 feet, 21/4 x 33/4

A.P.I. standard thread
1 Combination socket with neck and pin slips
1 Bowl for combination socket 10 inches x

12 inches
1 Full circle slip socket with pin collar and box

collar slips
1
1

1

Two-prong rope spear with latch jack bottom
Friction socket
Jar bumper

Miscellaneous tools and accessories
1

I

1
1

1

1

1

1

1

2

2

1

Field forge
Portable hand forge
Anvil with horn
Bit dressing block
Slack tub
Bit magnet
Bit gouge or chipper complete with handle
Cold set
Hot set
Flatter
Fuller
Sledge-hammers (14 lb.)

9 ( 7 lb.)
Ladle for Babbitt metal

PUMP TEST EQUIPMENT RIG OPERATED

1 23/4-inch diam. x 24 inches pump barrel com-

plete with bucket and suction valves
1 33/4-irch diam. x 24 inches pump barrel com-

plete with bucket and suction valves
both adapted to 4-inch S+S. British Stan-
dard pipe thread (B.S.P.) galvanized pipe
and 34-inch rods

25 3/4-inch x 15-foot rods complete with couplings
2 Edeco rod elevations
2 ,, ,, wrenches
2 ,, ,, hangers
30 4-inch S+S galv. pipe B.S.P. 12 feet long,

complete with couplings
1 4-inch tee
1
2
2
12
12
1

4-inch bend
4-inch clamps
4-inch lifters
23/4-inch cup leathers
33/4-inch cup leathers
Electric plumb bob

Tanks and barrels
1 Weir tank 4 feet x 3 feet x 6 feet, Vee Notch
1 Galvanized iron 400-gallon tank
2 44-gallon drums for water
2 ,, ,, ,, ,, petrol
4 ,, ,, ,, ,, Diesel fuel

Housing andfurniture
2 Uniport huts with floor panels
2 Tarpaulins
1 Driller's dog hut
1 Office table
1 Office chair
I Office cabinet
1 Bench seat

Transport
1 '/2-ton utility truck or Land Rover
1 150-gallon 2-wheel tank trailer
2 12 inches x 12 inches x 12 inches baulk timber

for jacking base
2 6 inches x 6 inches x 1O feet timber mud sills

100 9 inches x 3 inches x random length timber for
drilling platform

Casing
50 12-inch heavy duty (H.D.) drive casing short

random lengths
200 10-inch H.D. drivecasing longand short random

lengths
400 8-inch H.D. drive casing long and short ran-

dom lengths
600 6-inch H.D. drive casing long and short ran-

dom lengths
2 8-inch H.D. drive casing x 3 feet and 5 feet
2 6-inch ,, ,, ,, x 3 feet and 5 feet
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Annex 3

DETAILS OF EQUIPMENT FOR ROTARY MUD FLUSH DRILLING IN THE BUSH

1 Failing rotary drilling rig mounted on a trailer
complete with mud pump

1 Travelling block
1 Drilling cable, 300 feet x 5/8 inch
1 Set 31/, drill pipe elevators
1 Swivel
2 Pressure hoses, 2-inch diam. x 25 feet
2 Suction hoses, 41/2-inch diam. x 25 feet
1 Kelly
1 Kelly drive bushing complete with drive pin
1 Kelly transport saver substitute
1 Suction hose strainer
1 Sand line, 1600 feet x 7/16 inch
I Tong wire line, 20 feet x 1 inch
1 Break-out wire line, %/16 inch x 24 feet
1 Spider base
1 Spider bushing for above for 31/2-inch drill pipe

slips
2 31/2-inch slips for drill pipe
2 Tongs for 31/2-inch drill pipe
2 Drill pipe counterweights
2 Counterweight wire lines, 3/8 inch x 20 feet
1 1-inch Manila catline
1 5-ton swivel hook
1 5-ton D shackle
1 10-ton D shackle
4 5/8-inch bulldog clips
6 7/,,-inch ,. ..
1500 feet of 31/2 full hole drill pipe
1 Drill collar, 51/2 inches x 20 feet
1 ,, ,, , 43/4 inches x 20 feet
1 ,, ,, , 4%/2 inches x 10 feet
1 Substitute Kelly saver 23/8 full hole double pin
1 ,, ,, to drill string
1 Substitute drill string to rock bits, 51/8 inches-

71/2 inches
1 Substitute drill string to rock bits, 75/8 inches-

91/2 inches
I Substitute drill string to rock bits, 93/8 in'ches-

26 inches
2 123/4-inch rock bits
2 97/8-inch
2 77/8-inch , ..
2 57/8-inch
2 43/4-inch
2 4'/2-inch
2 123/4-inch 3 wing drag bits
2 97/8-inch 9,, .. ..

2 77/8-inch 3 wing drag bits
3 57/8-inch,.
3 43/4-inch .. . .
3 41/4-inch .. .. .

Fishing tools
1 "Burns" magnetic fishing tool 5'inches outside

diam. (will lift 120 lb.)
1 Fishing tap, male
1 ,, ,, , female
1 Circulating overshot with slips for 31/2 full hole

drill pipe
1 Circulating overshop with slips for 5½/2 outside

diam. drill collar

Timber
4 Baulks, 12 inches x 12 inches x 16 feet
6 ,, , 12 inches x 12 inches x 3 feet 6 inches
4 ,, , 9 inches x 6 inches x 8 feet
40 feet run. 4 inches x 3 inches timber
100 feet ,, 4 inches x 2 inches ,,
100 feet ,, 12 inches x 2 inches
60 feet ,, 6 inches x 1 inch

Casing
100 feet of 12-inch drive casing
500 feet ,, 10-inch , ..
800 feet ,, 8-inch , 9,
1000 feet ,, 6-inch ,. ..
2000 feet ,, 6-inch light-weight liner pipe flush-

jointed
2000 feet ,, 5-inch light-weight liner pipe flush-

jointed
200 feet ,, 6-inch screens
200 feet ,, 5-inch ,,
4 6-inch left-hand release nipples for flush-jointed

pipe
4 5-inch left-hand release nipples for flush-jointed

pipe

Casing equipment
1 Spider and bowls
1 Set slips for 12-, 10-, 8-, 6-, and 5-inch casing
1 Set twin hydraulic jacks 50 tons
2 Casing hangers for 12-inch casing
2 ,, ,, ,, 10-inch casing
2 ,, ,, ,, 8-inch casing
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2 Casing hangers for 6-inch casing
2 ,, ,, ,, 6-inch flush-joint casing
2 ,, ,, ,, 5-inch flush-joint casing
1 Circulating and cementing head for 12-inch

casing
1 Circulating and cementing head for 10-inch

casing
1 Circulating and cementing head for 8-inch

casing
1 Circulating and cementing head for 6-inch

casing
1 Circulating and cementing head for 6-inch

flush-joint casing
1 Circulating and cementing head for 5-inch

flush-joint casing
2 Sets clamps for 12-inch casing
2 ,, ,, ,, 10-inch ,,
2 ,, ,, ,, 8-inch ,,
2 ,, ,, ,, 6-inch
2 Sets casing elevators for 12-inch casing
2 ,, ,, ,, ,, 10-inch ,,
2 ,, ,, ,, ,, 8-inch ,,
2 ,, ,, ,, ,, 6-inch ,,
2 Chain tongs 2-inch to 6-inch pipe
2 ,, ,, 2-inch to 12-inch ,,
2 ,, ,, 6-inch to 24-inch

Mudpump spares and additions
2
2
2

24
24
24
4

48
12
12

6-inch spare mud-pumps
4-inch liners with flanges
3-inch ,, . ..

Cup leathers 6 inches diam.
,, ,,S 4 inches diam.
,,) ,, 3 inches diam.

Pump rods
Chevron packings for gland
Valve seats
Valves

Pump and developing equipment
600 feet of 1-inch S. and S. B.S.P. galvanized pipe
600 feet of 4-inch S. and S. B.S.P. galvanized pipe
2 l-inch lifters
4 I-inch clamps
2 4-inch elevators
2 4-inch lifters
2 4-inch clamps
2 4-inch tees
2 4-inch bends
2 1-inch to I"1/,-inch bushings
2 1-inch B.S.P. to 3/4-inch air hose connexions

Tanks and drums
2 150-gallon tanks
1 300 ,. ..
1 500 ,, skid-mounted cylindrical tank
6 44 ,, drums for Diesel fuel
1 44 ,, ,, ,, ,, oil
2 44 ,, ,, ,, ,,9 petrol
1 Weir tank

Transport
1 800-gallon water tanker with towing attachment
1 5-ton lorry ,. 9. ..
1 5-ton trailer adapted for carrying pipes
I Land Rover
1 Fordson with Holman Tractair

Housing andfurniture
1 Uniport hut with floor for office
3 Tarpaulins, 16 feet x 12 inches
1 Driller's shelter
1 Office table
1 Office chair
1 Office cabinet
1 Bench seat

Items for site preparation
60-foot run of metal strip (as for rtunway on

airfields)
1 Sylvester metal 21/2-ton lift pull
6 Cutlasses
6 Square-nose shovels
6 Picks
6 Head pans
2 Felling axes
2 7-lb. sledge-hammers
Mud and cementing

1 Sieve for extracting cuttings
1 Ton Bentonite

10 Bags Tannex
10 Bags Barytes
1 Set gravity testing equipment for mud
1 Marsh funnel and measuring cup
1 Ton Ferrocrete cement
2 Drums Fondu cement
1 Salinity testing set

Operating tools (hand)
1 Set of fitter's tools (detail list available)
1 1-inch to 2-inch pipe dies
1 2-inch to 4-inch ,. ..
1 4-inch to 6-inch 99 ..
1 Set Whitworth dies and tap ll/4-inch
1 Set B.S.P. dies, 1 1/4-inch
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Annex 4

EARTH-MOVING EQUIPMENT

Number
required Item

I Caterpillar D-8 angle dozer with full ripping
and pushing equipment

4 Caterpillar D-8 tractors with rear cable con-
trols and front fender

4 No. 463 type Caterpillar Scrapers
Spares for three years

Ancillary equipment

I Fordson Tractor

I Fordson Tractair

2 Trailers for above

1 1000-gallon Albion Water Tanker

Number
required Item

Ancillary equipment (cont.)
2 250-gallon 2-wheel trailers, water
1 High deck trailer
2 1500-gallon fuel semi-trailers
2 Albion Tractor Unit (F.T. 101)
1 25 to 30-ton Foden tractor with low deck

trailer
1 Mobile workshop semi-trailer
1 Long wheel base Land Rover
1 Mobile stores semi-trailer
1 Trailer-mounted welding set complete with

accessories
1 Concrete mixer, mobile
2 Slurry pumps, engine-powered
2 Drainage pumps and fittings, Ransome

4 inches
1 8-inch earth auger
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Annex 5

OPERATING COSTS AND QUANTITIES OF WATER PRODUCED AT SOME MAIN SOURCES
OF SUPPLY

Place Raw water source Sedimentation Filtration 1000Costglsal a Remarksgallons/daygalna

Weija (for Accra)

Inchaban (Takoradi
and Sekondi)

Kumasi

Cape Coast

Tamale

Kpong (for Accra
Tema)

Winneba

Nsawam

Koforidua

Tafo

Ho

Kpandu

Hohoe

Keta

Wiawso

Sunyani

Mampong

Yendi

Bimbilla

Bolgatanga

Lawra

Wa

Bekwal

Berekum

Navrongo

Damongo

Peki

Kumawu

Worawora

(1) Old R. Densu
(2) New R. Densu
(1) Impounding

reservoir
(2) R. Prah
Impounding reservoir

Impounding reservoir

(1) Impounding
reservoir

(2) R.White Volta
R. Volta

R. Ayensu

R. Ayensu

R. Densu

(1) Springs
(2) R. Densu
Impounding reservoir

Bore-holes

Bore-holes

R. Dayl

Bore-holes d

Small stream

R. Tano

Impounding we
Chirimfa
Impounding we
Daka
Artificial lake

(1) River bed
(2) Artificial lake
(3) Bore-holes

Bore-holes

Bore-holes

(1) Horizontal flow
(2) Vertical flow
(1) Horizontal flow

(2) Clarifier
(1) Horizontal flow
(2) Vertical flow
Fill and draw

Horizontal flow

Clariflers

Vertical flow

Vertical flow

Horizontal flow

(1) Horizontal flow
(2) Vertical flow
(1) Horizontal flow
(2) Vertical flow

Fill and draw

Fill and draw

Vertical flow

Horizontal flow

Fill and draw

Vertical flow

Clarifier

Fill and draw

Fill and draw

Fill and draw

(1) Slow sand c
(2) Rapid gravity
(1) Slow sand

(2) Rapid gravity
Rapid gravity

Pressure

Pressure

Rapid gravity
Slow sand

Slow sand

Rapid gravity

Rapid gravity

Rapid gravity

Rapid gravity

Rapid gravity

Rapid gravity

Pressure

Rapid gravity

Rapid gravity

Rapid gravity

J 6 500

2 250

2 000

1 000

560

1 300

200

160

160

500

120

50

70

40

30

80

140

110

30

80

90

60

50

30

30

30

30

1/6

1/-

1/-

1/5
214

1/-
2/11

3/1

3/1

1/2

2/-

1/9

1/6
3/6

3/4

1/6

1/8

2/2
1/8
2!2

7/1

8/-

315

2/-

4/2

3/1

Expansion under
construction

Expansion under
investigation
Expansion under
construction

Expansion under
construction
Expansion under
investigation
Expansion under
investigation

Figures not
yet available,
just completed

Lime softening

Still under
construction
Figures not yet
available just
completed

Still under
construction

Expansion under
construction

Expansion under
construction

I,__

Ir or

Ir or

Bore-holes

Bore-holes

Bore-holes

R. Ongwan

Bore-holes

a Owing to a recent 18 % increase in labour costs, It Is expected that costs/1000 gallons will rise by about 4d.b Plus water treated in low-level reservoirs by excess lime process.
c Puech-Chabal Degrossisseurs are also used.
d Deep bore-holes tapping fresh water beneath 300-600 feet of salt water.
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