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CHAPTER 25 USEFUL SOURCES OF BASIC INFOR-
MATION ON HAND DUG WELL
CONSTRUCTION

1. The Technique of Well Sinking in Nigeria H.A.Cochrane.
Bulletin No. 16, Geological Survey of Nigeria 1937. 63pp.

The method of well construction described in Part Il of
this manual was developed in Northern Nigeria during well
construction programmes lasting many years. The bulletin,
which is one of the most detailed and comprehensive
accounts of digging that is available, discusses in engineering
terms the factors to be considered when a well construction
programme is planned. Although it refers to experience
gained only in the geological conditions of Northern Nigeria,
the instructions and information will be of great value in
well sinking work in all parts of the world.

It includes a thorough analysis of well lining performance
and design, the amount of reinforcement and concrete that
are needed and the various cost factors for in-situ, thin
walled, reinforced concrete linings.

2. Wells Manual — Program and Training Journal Action
Peace Corps, Editor Francis A. Luzzatto, Peace Corps,
Washington D.C., U.S.A. 1974, 248pp.

The U.S. Peace Corps have managed a very successful well
construction programme in West Africa for many vyears.
This manual is a compilation of reports and papers prepared
by the field workers who have constructed the wells.

Many detailed methods of constructing hand dug wells are
described with pictures and diagrams. It is especially useful
because it gives first-hand accounts of the problems likely to
be met in well programmes, from the organisation of sup-
plies, the approach to successful co-operation with local
villagers, the planning of programmes and their relation-
ship to government agencies and construction technigues.

226




Small bore wells, hand pumps, blasting procedures are also
considered in detail.

The instructions are clear and simple and the manual
contains many useful hints and tips. The manual places great
emphasis on the importance of considering the well pro-
gramme as part of a much broader programme of develop-
ment, which must include hygiene education, improved
sanitation etc.

3. The Construction and Maintenance of Water Wells VITA
Publications, College Campus, Schenectady, New York,
U.S.A. 1969. 168pp.

This publication was also written for U.S. Peace Corps
Volunteers who were employed to develop the ground water
resources in the areas to which they were sent. It gives a
general review of ground water, its occurrence and properties,
well construction methods by digging, driving, drilling and
jetting, well liner, boring equipment etc. It is a useful manual
for field workers and is an extension to the VITA pub-
lication, 'Village Technology Handbook’, first pubiisiied in
1963. |t has a useful section on well pumps and alsc on the
planning aspects of a well digging programme, ground water
exploration, choice of supplies, well protection and main-
tenance.

4. Equipment and Techniques for the Consiyuction of
Self Help Wells by R.G. Koegel. Annual Meeting, American
Society of Agricultural Engineers. 1971.

States the general case for an appropriate technology in
well construction and describes two simple well types, a
small diameter augered well and a large diameter hand dug
well.

Koegel emphasises the variety of techniques available for
well construction and the need to improvise and adapt to
suit local needs. Clearly and simply written.

5. Well Sinking — a Working Method by L. Lake. Gwanda,
Division of Irrigation, Southern Rhodesia. 1959. 11pp.

Describes techniques developed in Rhodesia for improving
indigenous well construction methods. The essential equip-
ment included air compressors for pumping and drilling, and
vehicular transportation. The air compressors allows de-
watering through solid rock aquifers discharging up to 2000
litres per hour and also allows jack hammers to be used.
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The advantage of using an air compressor is that there is
plenty of ventilation. This method of well sinking requires
fairly skilled organisation to manage the compressors, drills,
explosives for blasting etc. It provides an upgraded version of
hand digging needing machinery but it is not as complicated
as a drilling rig -- using a readily available compressor. The
costs of the compressors, however, if they are not carefully
maintained, can increase the costs of the wells to an unaccep-
table level. The notes provide very useful practical working
tips on organisation, problems etc. Costs are provided with a
breakdown into components.

6. Rural Water Development by W.RW. Ferguson, West
African Joint Overseas Group of Engineers, Ghana Branch,
March 19568.

This publication gives a general, all round description of
small scale water supply systems for rural areas and compares
the advantages and limitations of large diameter, hand dug
wells, tubewells constructed by drilling, boring and jetting
techniques etc.

Ferguson considers that the dig down -- build up technique
developed in Nigeria is far superior to the open caisson
technique, unless the well is shallow (less than 5 metres).
The caisson sinking technique is used as a telescopic tube
inside the lined well when the aquifer is reached. He con-
siders the various technical considerations to be considered
before planning a programme are:—

a) Safety

b) Cost

c) Speed of construction

d) Quality of completed well

e) Mass production techniques
Small diameter boreholes are also considered in detail.

7. Village Wells — Their Construction, Use and Maintenance
by K.L. Hall. The Secretariat, Zomba, Nyasaland. Circular
No. 12 of 1937.

A report to the Government of the time on the well con-
struction programme between the years 1930-37. Although
somewhat dated, this report gives useful information on the
programme set up to construct and maintain the wells. Main-
tenance was regarded as a top priority and well inspectors
were recruited and paid. Equipment and lubrication of the

228




pumps, access, water levels etc. were recorded. Water samples
were regularly tested and found to be of good quality despite
the open well mouth. Well cleaning was part of yearly main-
tenance.

8. Process Relating to Construction of Dug Wells using
Homemade Casing and Hand Pumps by R. Wieks, Mennonite
Central Committee, Akron, Pennsylvania 17501, U.S.A.
January 1974,

The Mennonite Society have financed well digging pro-
jects in Brazil, and these notes were written from the
experience of the author.

The technique used is the caisson sinking method and the
author goes into great detail on the way in which the con-
crete rings are made on the surface, how they are cured and
lowered down the well. The mould is excessively complicated.

The second part of the paper describes how a simple piston
hand pump can be constructed from commercial pipe fittings.
From the evidence of other authorities, it would seem that
this pump is of too weak a construction to last for long in
a rural area, but the details of the piston construction are of
interest.

The weli cover is described. This is of RC construction.
Also described are the well tripods used in construction and
the pump leathers.

9. A Safe Economical Well American Friends Service
Committee, 20 South Twelfth Street, Phil. 7, Pennsylvania,
U.S.A. 1955.

A method is described which combines large diameter wells

with a narrow diameter pipe making up the top section. The
well is dug into the aquifer, bricks and concrete rings etc. are
lowered in, the top sealed and pipes built back to the surface;
the well is then back filled. A useful technique.
10. Equipment for Radial Boring in Open Wells by S.D.
Kheper and S.K. Saudhi, Journal of Agricultural Engineering,
Indian Society of Agricultural Engineers. Vol. X, No. 4.
August 1973.

Describes simple equipment to drive holes into the sides
of a well into the aquifer to improve well yield.

11. Village Technology Handbook VITA, College Campus,
Schenectady, New York, U.S.A. 387pp.
This publication contains, amongst other things, infor-
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mation on technigues for obtaining water supplies that can
be employed without expensive equipment. |t contains,
working drawings of tools, lists of parts needed and step by
step instructions on how to do it. Techniques for drilling
boreholes are given more attention than those describing
hand dug wells. A useful bibliography is included.

12. Safety in Wells and Boreholes Institution of Civil
Engineers. 1972. London. 23pp.

The handbook was written for the benefit of people
engaged in well construction to inform them of the pre-
cautions that they should take to avoid accidents or the risk
of contaminating the well water. The safety measures to
protect the well construction are given in detail and the
hazards that they could face are described. This handbook
should be essential reading for anyone planning a construc-
tion programme of large diameter, hand dug wells.

13. Concrete Practice in Building Construction Cement and
Concrete Association, 52 Grosvenor Gardens, London,
United Kingdom. 66pp.

The C. & C.A. publish many ‘man on the job’ booklets and
pamphlets on all aspects of concrete design, mixing and use.
These publications are written simply with clear diagrams and
photographs and will assist those who have little previous
experience in concrete work. Three publications in French
that set out to describe self help well construction in a
similar but more technical way than that presented in this
manual are listed below:--

14. La Construction des Puits en Afrique Tropicale et
‘L ‘Investissement Humain.’

Ministere de la Cooperation, Paris, France. 1974,

15. Techniques Rurales en Afrique: Hydraulique Pastorale.
Sécretariat d’'Etat aux Affaires Etrangéres Chargé de la
Cooperation, Paris, France.

16. Problémes Practiques et d’Organisation en Matiére de
Construction de Puits d’Eau en Grand Diametre, 1961
René Bremand.

Provisoire du Bureau Technique, 31 Rue Marbeuf, Paris (8e),
France.

On Water Pumping from Village Wells
17. Guideline on Hand Pumps F .E. McJunkin.
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A review of W.H.O.—collaborating institutions concerning
all aspects of hand pump use in rural areas. This interim
report will be revised and published at a later date. One of
the most complete studies to date on all aspects of hand
pump use in rural areas. It reviews the main causes of failure

of the [ 1mps from the point of view of design, construction,
maintenznce and repair. A review of research programmes
to improve various types of hand pumps is given, with infor-
mation on improved designs. Guidelines for the local manu-
facture of hand pumps and a list of commercial manufac-
turers is also included. Hand dug wells are chosen in part
because of the risks of pump failure in smali diameter and
tubewells and this publication will be of great use to
organisers of well construction programmes who intend to
seal their hand dug wells.

18. Hand Pump Maintenance and the Objectives of Com-
munity Well Projects by Arnold Pacey, to be published by
OXFAM, 274 Banbury Road, Oxford, United Kingdom. 21pp.

This study considers the broader aspects of village pump
maintenance and suggests that community awareness and con-
trol of the pumps are essential if they are to be kept working.
The approach and objectives of the well construction pro-
gramme organisers are considered thoroughly and pro-
grammes which are organised in emergencies (such as
drought) are differentiated from those that aim at a larger
view of development. Welfare programmes are usually short
term in outlook and pump design is secondary to construct-
ing the well. Development programmes, on the other hand,
are rooted in a broader community development and choice
of well type in addition to choice of pump are seen in this
light. To be published at the end of 1976.

19. The Village Tank as a Source of Drinking Water WHO/
CWS/RD/69.1 (WHO, 1211 Geneva 27, Switzerland).

A description of various low cost and simple ways to
improve water supplies from the traditional village pond. It
includes several examples of hand pumps suitable for local
manufacture, using locally available materials.

On rural water supplies generally

20. Water Supply for Rural Areas and Small Communities
Wagner and Lanoix, W.H.O. Monograph Series No. 42. 335pp.
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A general discussion on all aspects of small scale water

supply from surface and ground water sources. It includes a
discussion on public health, planning and financial con-
siderations, technical information on the various sources of
water and its storage, distribution and management. It also
gives diagrams and instructions on the digging, boring and
jetting of wells, their, lining, the pumps that can be used,
development, sealing, disinfection of water supplies, etc.
This is a most useful publication and is at present being
reprinted by W.H.O.
21. Small Water Supplies Bulletin No. 10, 62pp May 1974,
Ross Institute, The London School of Hygiene and Tropical
Medicine, Gower Street, London WCI1E 7HT, United
Kingdom.

This publication is one of a series of practical and simple
guides to health and hygiene in tropical countries. It gives a
basic description of the requirements of a wholesome water
supply, the alternative sources, their collection and treat-
ment. An excellent practical guide for rural workers.

22. Water Resources Development A.F.P.R.O. publication
N29, 1969, C-52, South Extension, New Delhi, India. 138pp.

The papers from A.F.P.R.O conference on water resources

development held in 1969 are contained in this publication.
It contains many useful articles describing the experience
gained in well digging and boring in India, including geo-
physical exploration, geological mapping and boreholes,
well re-vitalisation. A.F.P.R.O. is a co-ordinating body on
village development and distributes a great deal of infor-
mation in the form of short leaflets available on request.
23. Rural Water Supply & Sanitation in Less-Developed
Countries. A selected annotated bibliography by Anne U.
White and Chris Sevior. From IDRC Box 8500, Ottowa,
Canada K1G 3H9 $1.00. 1974. 81pp.

One of the most comprehensive bibliographies available
on rural water supplies and sanitation. It describes the most
important publications on all aspects of the subject, that are
both readily available or that only exist as unpublished
internal reports within research organisations etc. This is an
essential source for locating further information.

24. Drawers of Water White, Bradley, White, University of
Chicago Press. 1972. 306pp.
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This book describes the results of a detailed study of water
use in rural and town areas of East Africa, giving details of
the domestic consumption of water, the choices made
between alternative sources, the distance water is carried, etc.
It gives a critical evaluation of the relationships between
water quaiity and quantity and the health of the water users.

This is a truly excellent book for those who wish to gain
a broad understanding of water supplies and their relation to
the users. It also gives a general idea of the costs of obtaining
a water supply from different sources.

25. Water Treatment and Sanitation |.T.D.G. Publications,
9 King Street, London WC2E 8HN, United Kingdom. 1973.
90pp. (Revised edition 1976).

A description of low cost methods of obtaining water

supplies and of effluent disposal. |t includes worked
examples of basic design methods and is directed mainly
towards the needs of small communities. It describes a wide
range of techniques, giving a general comparison between
them.
26. Small Wells Manual: A Manual of Location, Design,
Construction, Use and Maintenance Gibson and Singer.
Health Service, Office of War an Hunger, A.1.D. Washington
DC 20523. 1969. 156pp.

This manual has been written as a basic introduction to
well boring and drilling for those with little personal
experience on the subject. It is mainly concerned with small
tube wells of up to 10cms in diameter, with maximum depth
of 30 metres and with vields of up to 200 litre/minute. It
considers bored, driven, jetted and drilled tube wells but does
not include hand dug wells; it treats the subject simply and
contains a useful bibliography. This publication gives a short
and concise description of ground water, its origin, occur-
rence and movement, and a useful section on ground water
exploration.

On rural sanitation
27. Excreta Disposal for Rural Areas and Small Com-
munites E.G. Wagner and J.N. Lanoix, W.H.O., Geneva,
Monograph Series No. 39, 1958. 187pp.

A companion volume to the publication on rural water
supplies, this is a basic reference for rural sanitation workers.
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It describes the health hazards of poor sanitation, the neces-
sity of involving the local people in the improvement of their
hygiene standards and a description of the various simple
ways available for rural communities. It is addressed primarily
to those who are responsible for the organisation of public
health programmes.
28. Rural Sanitation in the Tropics Ross Institute, The
London School of Hygiene and Tropical Medicine, Gower
Street, London WC1E 7HT. Bulletin No. 8, May 1974. 46pp.
A basic description of the various ways that family privies
and public latrines can be constructed and maintained.
Dimensioned diagrams are provided with the advantages and
limitations of each technique. Sections are included on 1arger
scale effluent disposal, latrine maintenance and waste
stabilisation ponds.
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APPENDIX THE USE OF EXPLOSIVES IN
WELL-SINKING WORK

Summary

This chapter has been prepared as a supplement to the
original edition of this book. It is intended to describe
the use of explosives for sinking large diameter wells
through hard rocks.

It is intended only as a practical guide to those already
experienced and qualified in the use of explosives, and
to demonstrate the potential of rock blasting for wells.
It will not serve to qualify an inexperienced man in rock
'‘blasting work.

The supplement describes the various methods of
using explosives in well-sinking work, and recommends
that the burning fuse type of detonation be used because
of its simplicity and foolproof nature. Electric detonation
is described as well as the safety rules that must be
observed if accidents are to be avoided.

1. Sinking through hard rocks

The geological strata that cause the greatest number of
‘wells to be abandoned by traditional well diggers before
they reach water are hard, solid rocks that can only be
broken by laborious and exhaustive effort. At this stage,
the well digger should seriously consider abandoning
the well and moving to a new, more likely site. Butdif
the rock formation is known to contain water in its
fissures, then it can be penetrated by blasting and
excavation.

It is possible, of course, to penetrate most formations
other -than solid basement rock by the use of sledge
hammers and chisels. Even bedrocks such as granite
have been tackled by local well sinkers by the traditional
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method of lighting fires on the exposed surface of the
rocks and, when the material is sufficiently heated,
pouring on cold water in large quantities. The violent
contraction of the surface which results causes cracks
to the depth of several centimetres and this cracked
layer can then be broken off with a pick or crowbar.
Apart from the difficulties of this method — not the least
of which is to obtain sufficient heat from a fire at the
bottom of an unventilated shaft — it is laborious and
slow in the extreme. As a practical operation it is, in
fact, obsolete and is only quoted here to show the
ingenuity with which the traditional well builders over-
came conditions (which must at first have appeared to
them impossible) with the equipment at their disposal.

Compressed-air tools are also widely used in well pro-
grammes to break up hard rocks. However, these need
an expensive air compressor that must be serviced,
maintained, and taken to the well sites which are often in
difficult terrain. One advantage of using compressed-air
tools is the possibility of pumping the well dry with an
air-powered pump during sinking. This allows the well
to be sunk deep into the aquifer.

Explosives make a very valuable tool for well sinking
through hard rocks, and if blasting skills and qualifica-
tions are available these will speed up the rate of sinking
considerably. The use of explosives in well-sinking work
is described in greater detail below.

2. Rules and regulations covering the use of
explosives

In most countries of the world explosives can only be
used by those people who have been issued with blast-
ing certificates; these are issued only when trainees
have shown their experience and responsibility in the
use of explosives. It is usually an offence for unqualified
and unrecognised people to use explosives.

Strict laws are enforced about the rules and procedures
to be adopted in the purchase, transportation, storage,
and use of explosives. These rules and procedures are
not within the scope of this publication, and enquiries
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must be made from the appropriate government depart-
ment or police authority in your area.

Explosives are costly and in inexperienced hands very
dangerous to use. They should only be employed when
there is no other way of sinking through the hard rocks.
They need very careful attention and supervision if
serious or fatal accidents are to be avoided. The rules
and regulations covering their use have been drawn up
by experts for the safety of both those using the explosives
and the general public — these rules and regulations
must be rigidly adhered to.

3. Types of explosives, detonators, and accessory
equipment

a) Explosives. Rock blasting with explosives is carried

out by the massive hammer blow of the rapidly expand-

gases from the explosives which have been drilled into

and detonated within the rocks.

There are many different types of explosive manu-
factured today, each of which has its own uses, but the
types found to be particularly adaptable to well sinking
are gelignite or one of the blasting gelatines. These
consist of mixtures of nitro-glycerine and other ingre-
dients: briefly it may be said that the nitro-glycerine
gives the explosive power and the other ingredients are
added to make the explosive safer to handle, convenient
to use and less likely to deteriorate in storage.

Expert help must be sought in selecting the most
suitable explosive for well-blasting work. It should be
safe to handle, waterproof (fire under water), malleable
enough to squeeze into cracks and drill holes, and
produce gases on firing that are non-toxic.

Many commercially available gelignites are suitable,
and they are usually supplied in 25kg boxes, in waxed
paper cartridges 2bmm in diameter and 100 or 200mm in
length.

b) Detonators. Gelignite and similar compounds do not
explode when they are ignited, they will just burn
furiously. In order to start the explosion, & sudden blow
is necessary, which is one reason why the material has
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to be handled so carefully. A blow from a hammer or
similar tool will detonate the explosive material, although
it is obviously not possible to do this with safety.
Detonators are therefore used to start the explosion —
they consist of a small quantity of a different type of
explosive called ‘fulminate’, sealed into the end of a
hollow metal tube about 50mm long and 6mm in dia-
meter. When the detonator is inserted into the explosive
and fired, a small explosion takes place, and the shock
of this is enough to propagate an explosion through the
main body of the gelignite. The detonators are fired
either by an electrical trigger, or a burning safety fuse.

The electrically fired detonators have an electrig heat-
ing device sealed into the fulminate. An electric current
is passed into the detonator through two insulated wires
which are attached to a firing cable running down into
the well from the surface. An electric current is passed
down the firing cable from an ‘exploder’ — powered
either by a battery or a small hand-operated generator,
to detonate the explosives.

The detonators are made to fire either instantaneously
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with the passage of the current, or at delayed intervals of
from O to 12 seconds. Extreme safety precautions must
be taken with electric detonators to avoid the risk of
accidental firing by stray electric currents.

Burning fuse detonators are fired by the heat of a water-
proof burning fuse, which is ignited and burns its way
down to the fulminate. The fuse is ignited from the
surface, and because the fuse cannot readily be ignited
by accident, and because the process of burning can be
readily seen, this type of detonation is recommended as
the safest and most foolproof.

Both gélignite and detonators have an expiration date
stamped on the cases. Do not use an old batch as it
may be inherently unstable and dangerous.

c) Accessory equipment

i. For electric shot firing the following equipment
will be needed :

Exploder — battery or hand generator-powered
condenser to produce the electric charge.

Ohmeter — an instrument to test the electric
circuit in case of misfires.

Shot-firing cable — a well-insulated, two core
cable, about 100 metres long. each core
consisting of at least four copper wires
of not less than 0.46mm diameter.

Steining rods, scraper, etc. — for loading the
charges.

ii. For burning fuse shot-firing, the following equip-
ment is needed:

Burning fuse — suitable lengths of dry, waterproof
burning fuse, with the correct detonators.

Ignition equipment — thin wire, about bOm long.
down which a burning rag slides to
ignite the fuse at the bottom of the well.

4. Rock blasting using burning fuse type
detonators

The method of shot firing using burning fuse detonators
described in this section has been developed from
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extensive field experience in rural areas. The risks of
accidental detonation are reduced to a minimum, and
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4.1 Drilling the shot holes

The practical effect of the explosion from a detonated
charge is to deliver an extremely powerful "hammer blow’
in all directions simultaneously. Consequently, if a stick
of gelignite is detonated on the surface of hard rock the
greater part of the power produced will be wasted in the
air, and only slight damage will be done to the material
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force to its fullest extent, the charge must be exploded
down shot-holes within the rock, so that the shock and
the expansion produced by the explosion will lift the
material above and shatter the rock around the charge.

It is usual in a 1.30 metre diameter well to lay three
charges at one time. These charges are set in the form of
an equilateral triangle with each rather more than
30 centimetres from the side of the hole. In granite each
charge is set about 1 metre below the surface — with
this arrangement it is found that the shattering effect of
the explosions covers the whole of the bottom of the well
without wasting any appreciable part of the energy out-
side the area required to be broken up.

The first operation, therefore, is to drill three holes in
this pattern in the well bottom. In remote areas it is not
usually practicable to use compressed air tools which
are, of course, much more easy and quick than hand tools.
Instead it is usual to use a sledge hammer and jumper
bar. The sledge hammer shoulid be about 2 kg in weight
with a handle not longer than § metre, this being the
largest size which can conveniently be wielded at the
well bottom. The jumper bar is a long cold chisel made
from 26mm hexagonal section tool steel with the chisel
edge approximately 30mm across. The shape of the
section and the very slightly wider point prevent the
bar from jamming in the hole. One man holds the bar
vertically in position and rotates it slightly between each
blow delivered by the second man. It is usual to have a
number of bars varying in length between about 4 and
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14 metres so that the head of the bar can always be in a
convenient striking position as the hole goes deeper

into the rock:
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Fig. 2 Drilling shot holes by hand.

4.2 Loading the shot holes and preparing the vertical wire

When the shot holes have been drilled to the required
depth, they are cleaned out, and ‘charged’ with the
explosives ; the quantity of gelignite used depends on the
type of rock and the depth of the drilled hole, but with
1 metre deep holes in reasonably hard rock it is usual to
put four 100mm sticks into each. Gelignite sticks are
inserted one at a time without removing the oiled paper
covering, and each is pressed firmly into the hole by a
wooden stick of a diameter slightly less than that of the
hole. A metal rod should never be used nor should undue
force or a sudden blow. The mouth of the hole should
then be protected with a twist of paper or wooden plug
against stone fragments falling in above the charge.

The next step is to fix a vertical wire near the side of
the well from the surface to the bottom. Reinforcing tie
wire pulled straight is normally used for this purpose, the
lower end fastened to a heavy stone and the top fixed to
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the well headframe. It should be about 15cm from the
side of the well so that itis not fouled by the operator when
he is pulled up after laying the charges.

4.3 Preparing the detonators and the priming charges

The safety fuse (burning fuse) is now inserted into the
detonators. This operation is carried out on the surface,
and is one of the last things to be done before the de-
tonators are fitted into the top sticks of gelignite — the
priming charge — ready for firing the charged shot holes.

Safety fuse is obtained in rolls, and consists of a cord
about 5mm in diameter composed of an even-burning
core surrounded with a protective waterproof coat and
strengthened outside with a sheath of fibre. It burns at a
predetermined rate, usually thirty seconds per 30cm, and
for well-blasting work should always be of the best
waterproof quality which will stand immersion and burn
equally well above or below water. When charges are
prepared the exact length of fuse required is accurately
measured and cut off the roll with a square end by a sharp
knife. The square cut is most important — a diagonal
cut shouid never be used.

No. 6 type detonators for use with safety fuse are used
and are supplied in metal boxes of 100 each. Detonators
must be handled extremely carefully as excessive heat or
scratch or a blow can set off an explosion. They are
usually packed with powdered cork and the first thing
to do on removing a detonator from its box is to ensure
that no cork particle remains in the hollow end as such a
particle could cause a misfire. If any packing or dust is
to be removed from the inside of the tube it may be blown
out, but on no account should a stick, wire or anything
else be poked into the tube end to clean it.

When a fuse has been cut to the required length, one
end is inserted into the hollow end of the detonator and
the thin metal ‘crimped’ on to the fuse by means of special
crimping pliers. A practice which must be most expressly
forbidden is the extremely dangerous one of biting the
detonator on to the fuse with the teeth. This can result in
serious or fatal injury if the detonator accidentally explodes.

The detonator and fuse end are now inserted into a stick
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of gelignite. The high explosive itself is a sticky brown
substance rather like solidified honey, and is supplied in
‘sticks” of about 2omm in diameter and 100-200mm in
length. Each stick comes wrapped in tough oiled brown
paper, usually with fifty sticks packed into a waxed card-
board cylindrical carton of about 5kg in weight. One
stick is taken, the oiled paper unfolded at one end and
with a wooden rod about the size of a pencil an axial
hole is made for about half the length of the stick. Into
this is pushed the detonator and fuse end, the gelignite
is squeezed around the fuse to prevent any water seeping
between the explosive and fuse, and a short length of
adhesive tape bound round the point where the fuse
enters the paper cover. The stick is now said to be ‘primed’
end is referred to as a ‘priming cartridge’. Great care must
now be taken with the primed cartridge in order to avoid
an accidental explosion.
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4.4 Loading the priming charges into the shot holes

Now the priming cartridges are prepared with the
important proviso that the fuse of the three shall be of
different lengths, 1.30, 1.45 and 1.60 metres being
convenient sizes to allow the charges to be fired one
after another at about 15 second intervals. They are taken
down the well and one cartridge lowered carefully into
each hole on to the surface of the gelignite already
packed in place. While it is important that the priming
cartridge should be in direct contact with the main charge
no stick or other instrument should be used to push it
into place.

The free ends of the three fuses are bound together
and to the vertical wire about 30cm above the well bottom
with string or adhesive tape. One stick of gelignite with-
out a detonator is then removed from its paper wrapping
and the three fuse ends pressed into this gelignite WhICh
should then be tied against the wire.

If the well is dry it will now be necessary to fill the
_charged holes to the surface with water without disturb-
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ing the priming cartridges or fuses in sc doing. Fre-
quently the well is not dry owing to slight seepages of
water through the well sides above the rock: in this case
there will already be sufficent water ‘tamping’, the pur-
pose of which is to communicate the explosion shock
evenly throughout the hole (water being virtually incom-
pressible) and also to prevent the expansion force of the
explosion gases being uselessly blown out of the open
hole. It is not necessary to use sand, clay or other tamping.
Not only is water just as effective, provided that there is a
column of at least 30cm depth above the priming cartridge,
but should there be for any reason a misfire, a second
priming cartridge can be put down later without disturbing
the first, and the long, laborious and possibly dangerous
operation of dealing with a misfire in a sealed hacle is
avoided.

4.5 Firing the charges

The well is now ready for firing, and the operator in
charge of the blasting is lifted out the well and ensures
that, except for the headframe, nothing is immediately
around the well mouth, and everyone except himself has
withdrawn to a safe distance. He then takes a piece of
rag soaked in petrol or kerosene, ties it loosely round the
vertical wire, lights it and allows it to slide freely down the
wire. He watches it reach the point where the fuses are
tied, and when the rag reaches the unwrapped gelignite
the latter will burst into flame and will simultaneously
ignite all three fuses. After that the operator himself
retires from the well mouth and waits for the three
explosions, which, if the fuses have been cut to the
lengths suggested above, will occur at 15 second intervals
following the first, which will take place about two
minutes after the fuses have lit.

Some operators adopt a further precaution against
a misfire. Before inserting the priming cartridges the end
of a length of thin copper wire is wound round each. The
opposite ends of these copper wires are now fastened to
the lower end of the vertical wire down which the petrol
rag slides. On the explosion this wire binding is disinte-
grated at the cartridge end, but should a misfire for any
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reason occur the cartridge concerned can be lifted out
of the hole complete with detonator and fuse, without the
necessity of descending the well, provided that water
tamping has been used as described. This is an important
reason for using water as a tamping material in the shot
holes.

Apart from the drilling of the shot holes in the rock, the
work of laying and preparing the charges will normally
have taken about half an hour. Because of the fumes
released by the explosion, which are dangerous to breathe
in a confined space, it is usual to make blasting opera-
tions the last job in a working day — by next morning
the fumes will have dispersed. However, should it be
necessary to descend after the explosions the air may be
cleared to a great extent by sprinkling sand or water
down one side of the well to induce an air current, by
winding a sinking kibble rapidly up and down the well
a few times, or, if a ventilation fan is available, a few
minutes blowing will suffice.

4.6 Advantages of burning fuse detonation

One advantage of the safety fuse method just described
is that the three explosions occur separately and can (and
must) be counted individually. With electric detonation
the explosions are usually simultaneous (unless different
time fuses are used) and without descending the well and
inspecting it is impossible to be certain that all three have
gone off. The danger to workmen descending to clear
the loosened rock with an unexploded charge remaining
in position is too obvious to enlarge upon. A second
advantage is that the requirements are simple — gelig-
nite, detonators, fuse and binding wire — while the
electric method requires, in addition, firing cable (which
is frequently damaged by rock fragments from the
explosion and consequently needs constant renewing)
the exploder itself which, while robust, is by no means
indestructible, and a delicate milliammeter for testing the
circuit before firing. In addition the electrical operator
needs more skill and experience in view of the additional
invisible electronic ‘'snags’ which can occur.
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4.7 Removing the loosened rock

After the explosion and the clearing of the atmosphere
in the well the loosened rock is removed by hand and the
new bottom trimmed with picks and miners’ bars ready
for the drilling of the next three shot holes. These should
be sited clear of any fissures which may have developed
below the well bottom due to blasting. Sometimes it will
be found that the last few inches of the previously drilled
holes are still visible on the new rock face owing to the
gelignite not having been pressed right home, or to a
stone or dirt having got into the hole before charging.
On no account, and this is extremely important, should
drilling of new holes be started in these old holes. The
temptation for the well diggers to save a few centimetres
rock drilling is considerable, but experience has shown
that the accidents which occasionally happen in well
blasting work have been through drilling in an old hole,
into which a small fragment of unexploded gelignite had
squeezed from a previous blast.

4.8 Safety procedures

The safety procedures which must be adopted and
rigidly adhered to are described in greater detail in
Section 6. Certain precautions are so obvious that they
should not need mentioning; but the very fact of their
being obvious means that they are occasionally over-
looked. Operators have been found smoking when handi-
ing explosives ; gelignite and detonators have been found
stored in the same box; unused gelignite which should
have been returned to the magazine has been found
lying about where a chance blow could start an ex-
plosion ; metal rods which can strike a spark from rock
have been used instead of wooden tampers, etc. All these
things are a matter of common sense and it is essential
that persons handling explosive materials should have
a well-developed sense of responsibility and a thorough
knowledge of and respect for the materials they are
handling.

Another point to note is that the nitro-glycerine con-
tained in gelignite is a poison, and one that can be
absorbed through the skin. If handled too much it can
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cause severe headaches and sickness. This possibility is
minimized by wearing rubber gloves or keeping the hands

+ hila handl: +h .
bOﬂSLalmy’ wet while handling the sticks; a pan of water

into which the hands are frequently dipped will be found
by the side of all experienced blasters. Care must also be
taken against breathing any of the fumes after the
explosion or the same symptoms will result.

With proper precautions, blasting is simple, straight-
forward and safe, but there is no short cut and no
sensible man will wish to risk his own and other lives
for the want of a little trouble.

5. Rock blasting using electrical detonators

Electrical detonators have already been described in
Section 3b and the dangers of accidental firing have
been stressed. However, the electrical method has the
advantage of speed, and may be used with benefit when
a lerge programme of blasting is taking place in a small
district; but for single wells in remote areas the safety
fuse method will be found to be safer and more con-
venient every time.

The procedure for blasting using the electric type
detonators, and the precautions to be taken, are exactly
similar to the procedure described above for burning
fuse detonation, except for the firing arrangement.

5.1 Wiring up the electric detonators

The shot holes are drilled and loaded with gelignite.
The detonators with different time fuses are selected,
loaded into the priming charge, sealed with tape and
loaded into the shot holes. The leads from the detonators
should be wired up in parallel; that is, the two leads of
different colours from each detonator should be joined
in separate knots above the water.

This method does not eliminate misfires due to dud
detonators, but the incidence of duds is very rare, and
usually the presence of a misfired shot hole can readily
be seen by the coloured tags on the detonator leads.
When wired in series, a dud detonator will break the
circuit and prevent firing altogether, but the dud must
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SHOT FIRING CABLE.

Fig. 5 Connecting electric leads to shot-firing cable.

then be located with the chmeter, which is a highly
dangerous operation even for the experienced.

5.2 Firing the charges by the exploder

Before the knots of detonator leads are connected to
the shot firing cable, make sure that the exploder key, or
batteries, are with you, and that someone is guarding the
exploder and cable.

Finally, connect the detonator leads to the shot firing
cable, climb out of the well, check that the well head is
clear, and fire the charges by operating the exploder.
Count the explosions, and give the well time to clear of
noxious gases before the well diggers descend to clear
away rubble.

At the end of each blasting operation, check that the
cable is not severed or damaged, using the ohmeter and
?atteries; the cable will then be ready for use at the next
iring.
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5.3 Procedure in case of misfires

Pull up the cable and count the number of detonator
leads ; if all the shot holes have fired, then there will be
the same number of loose leads, but if the cable is held
fast, then there is a chance of a misfire.

Wait for half an hour or so until the smoke and fumes
have cleared, before you climb down into the well and
check the detonator leads. If you see a set of leads run-
ning into the shattered rock, disconnect the detonator
leads from the shot firing cable, dig carefully into the
rubble, and pull the detonator out slowly. You must fire
this charged shot hole before digging recommences, or a
blow from a shovel or pick axe may set it off. Set a new
detonator in the gelignite and fire this; if the shot still
does not fire, put a new stick of gelignite into the top of
the shot hole and fire again.

6. Standing safety rules with explosives

Storage ® Store in a safe, dry fireproof place.

® Do not smoke riear explosives.

® Never store gelignite and detonators
in the same box.

® Do not use metal tools to open
boxes full of explosives.

@ Keep a careful check in writing on
the amount of explosives used.

® Do not use damaged or deterio-
rated explosives.

@ Do not store in your home.

e Try to arrange storage with local
police.

Transportation e Carry in a proper container.

® Never carry the gelignite and deton-
ators in the ecame hoyx,

® Only carry the amount you need for
blasting.

® Handling the gelignite with wet
hands reduces the risks of poisoning.

Loading the @ Do not soften gelignite by heating.
Charges ® Do not force cartridge into the shot
' holes. |
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Electrié
Detonators

The Shot-firing
Cable

Use water to stem the shot hole.

Do not use a metal rod to stem shot
hole, use a wooden one.

Do not use more charge than you
have to.

Do not force detonators into charges.
Straighten electric detonator leads
carefully and hitch around charge
with waterproof tape.

Do not allow leads to touch metal
rods, pipes, etc., especially near
electrical equipment.

Hold leads to side of shot hole to
avoid stripping with stemming rod.
Connect detonators in parallel by
knotting leads of same colour.
Keep knots above water and to side
of well. -

Keep electric detonator leads short
circuited until connection is needed
with firing cable, by connecting the
knots.

Do not connect detonator leads to
shot-firing cable until you are ready
for firing.

Keep the exploder key or batteries
with you.

Testing the electric shot-firing cable
for breaks before it is connected to
the detonators.

Keep bare ends of shot-firing cable
at surface short circuited until con-
nection is required to exploder.
Keep firing circuit insulated from
ground, soils, wires, pipes, etc., to
avoid picking up stray electrical
currents.

Clean connectors with detonator
leads thoroughly to avoid poor con-
tacts and misfires.

Use waterproof insulating tape
around knots.
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The Exploder

Burning Fuse
Detonators

Firing

Misfires with
Electrical
Detonators

Keep all keys and batteries safely
with you when you are down the
well,

Connect shot-firing cable only when
you are ready to fire.

Keep exploder in a dry place., and
test at intervals.

Load carefully into priming charge.
Cut fuse carefully with a knife to
make a square end.

Do not clean detonator out with
wire or a stick, blow it clean.

Do not crimp detonator around fuse
with your teeth.

Make sure that detonator is firmly
imbedded in priming charge, then
seal brown paper with waterproof
tape.

(It will be seen that burning fuse
detonators are very much more
simple to handle than electric deto-
nators.)

Check that all people are clear of
the well before firing.

Do not enter well for at least 2 hours.
Do not blast during electrical storms.
Disconnect exploder, short cut
cable. '

Take out batteries and key.

Go down the well yourself to check
for dead charges.

The well-blaster must consider himself (or herself)
responsible for each and every stage of the blasting opera-
tation — he/she must not delegate responsibility to his/

her workmen.

7. Where to go for further information
Commercial Literature

7.1. Blasting Practice, Imperial Chemical Industries Ltd.,
Nobel Division, Stevenston, Ayrshire, Scotland, U.K.
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7.2. Blasters Handbook, E. |. Dupont Nemours, Wilming-
ton, Delaware, U.S.A. Price $6.00 approx.

These publications have been written for professional
workers with explosives. They are comprehensive and
give detailed accounts of all aspects of explosive use.

A Description of Explosives used in Well Sinking

1.3. Wells Manual — Programme & Training Journal,
Action Peace Corps, 1974. 248 pp.

The U.S. Peace Corps have managed a very successful
well-construction programme in West Africa for many
years. This manual is a compilation of reports and papers
prepared by the field workers who have constructed the
wells.

Many methods of well construction are described
in detail, including an account of the use of electric-
detonated blasting for deepening large diameter wells
through hard rocks.

71.4. Water Resources Development, AFPRO Publication
N. 29. 1969, C-52, South Extension, New Delhi,
India. 138 pp.

Action for Food Production is a co-ordinating body on
village development in India. It organised a successful
conference on water resources development in New
Delhi in 1969, and the papers from this conference have
been collected together for this publication. Several of
the papers give detailed accounts of well-blasting pro-
cedures and the regulations in force in India governing
their use.
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