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Introductio n

Throughout the world, hundreds of thousands of hand, or manually drilled wells provide rural dwellers with
water for agriculture and domestic use. Hand (or manual) drilling of water wells for domestic and productive
use is very comment throughout most Bangladesh and along the Ganges plain of India. In parts of Latin
America and Africa, hand drilling technologies have been introduced more recently. In some cases, such as
Niger and Nigeria, hand drilling has become fairly well used.

There are four distict types of manual drilling: augering, jetting, percussion and sludging, as well as several
variations on each. Increasingly, more than one or two techniques are used together. Hand drilling
techniques are suitable for niche hydrogeological environmentts although a more affordable solution, do

not provide a panacea for rural water supplies. There a number of cases where hand drilling techniques have
been mechanised to drill deeper and faster. As this develops further, it will be interesting to odsiesei
techniques can drill cheaper than existing conventional drilling equipment, and if construction quality is
satisfactory for the consumers.

Manual (or hand) drilled wells cost anything from US$ 20 to US$ 3,000, depending on the location,
technologyused, geology and hydrogeology. Given that conventionally drilled wells iSahdran Africa

can cost from US$ 2,000 to US$20,000, manual drilling, where feasible, could provide considerable savings
for the provision of rural water supplies. Hand driliis also attractive as it can be undertaken by small, local
enterprises. In many cases the wells can be paid for by users themselves rather than external funding
organisations.

Despite the tremendous potential of hand drilling technologies to provideswat low cost, they are not

well known by many WASH sector professionals, and in some cases are not considered to be acceptable.
There are relatively few organisations involved in the development, promotion and research of hand drilling
technologies anduntil recently, work tended to be fairly fragmented, with the same lessons being learned
from scratch in different parts of the world.

This document provides a short summary of each of the hand drilling techniques being utilised today; a
county-by-country overview of the extent of hand drilling taking placesilectcountries; an annotated list

of organisations involved in promoting and supporting hand drilling and an extensive list of literature, from
published articles to training materials and-time videos.

It is envisaged that, practitioners, researchers and funding organisations will keep up the information flow so
that this document can be updated. For an online version of the directory, pleasktigsitwww.rw sn.ch

It should be borne in mind that the drilled well is not the end of rural water provision, as water still needs to
be lifted out of the ground. Numerous hand and motor driven pumps are available on the market but these
are not considered in this doment.


http://www.rwsn.ch/

Hand Drilling Explained

This chapter provides a succinct description of the hand
drilling techniques that are currently in use.

Overview

Accessing groundwater can be undertaken by hand digging; hyroaered drilling techniques (also known

as manud or hand drilling); drilling with small conventional drilling rigs; and drilling with large conventional
drilling rigs. The three basic aspects of water well drilling are 1) breaking the formation; 2) removing the
loose material and 3) supporting the lkahs described in Box 1.

Box 1. Basic principles of water well drilling (Extracted from Carter, 2005)

All drilling techniques must be able to:

1. Penetrate, break or cut the formation to be drilled. Unconsolidated materials such as sands and silts
relatively little energy for this. Materials such as clays, laterite, sandstone and limestone require consic
more energy. The formation can be broken as follows:

a. Percussion (repeated striking of the formation with a pick, chisel, end of pipe or bitrill
b. Rotary action (grinding or tearing at the surface of the formation);
c. High energy percussion with rotation (known as down the hole hammer);
d. Loosening by a water jet directed at the bottom of the hole.
2. Remove the loose material from the hole. This t& done by:
a. Alternate removal with breaking (ie break, clean, break again, clean and so on).

b. Continuously remove material as the drilling peeds by using a medium to fludie hole (eg water, drilling
mud, compressed air). Mucbtary drilling uses mugdwelljetting, washboring and sludging use water ar
downrthe-hole hammer uses compressed air.

3. Support the hole to prevent collapse during, or immediately after drilling by:
a. Lining the hole as the drilling progresses, with temporary casing, or perméngerj;
b. Maintaining a sufficient pressure (hydraulic head) of fluid in the hole at all times.

Hand or manual drilling comprises techniques that rely primarily on human energy to undertake the three
aspects outlined in Box 1. As a consequence, manuahgrii constrained by the limits of human energy.
Breaking the formation and removing the spoil requires considerable energy and there are thus limits as to
what humanpowered drilling can achieve. Minimising drilled diameters is one way to reduce energy
requirements. Doubling the diameter of a drilled well increases the volume of material to be broken and
removed by a factor of four.

The different techniques are only viable in certain hydrogeological formations. In cases where the formation
is too hard, o the water bearing formation too deep, conventional drilling is the preferred option.

Hand Drilling Family Tree

The tree depicted in Figure 1 is an attempt to classify the various hand drilling technologies, and thus assist
the newcomer in navigating h her way through a minefield of terms. Broadly speaking, there are four
distinct types of manual drilling: auger, percussion, sludging and jetting. Over time, developers of one
technology have drawn lessons from another and some people use combinatioreti@ds.



Figurel. Hand Drilling Family Tree

Pounder Rig

Hand Drilling

The auger method involves penetrating the ground with a srrdithmeter borehole with a cylindrical or
helical soil auger. This method can penetrate certain sands and silts anccigniermations.

Hand percussiorand stonehammerdrilling involve the lifting and dropping a cutting tool suspended at the
end of a rope. They are dry techniques, only adding a little water in order to remove the spoil (drill cuttings).

In contrast tothe above, thgetting and sludgingmethods use considerable amounts of water to wash out
the spoil. Jetting (also known agashboring and the EMAStechnology inject water down and out the
bottom of a drilling pipe to wash the spoil up to the surfacef-fatled welkscreens are an improvement of

the original jetting technique. The use of a cutting point when jetting enables more compact materials to be
drilled. A tripod (or derrick) enables the technique to penetrate deeper. The EMAS technique uses a
percussion action coupled with back and forth rotation of the drill bit to break the formation, whereas
jetting is designed to penetrate mainly sands and silts with the force of the jetted water.

Sludgingand its more recent modification8aptist, Rota Sluge and Pounder Riyare all continuous drilling
methods that allow the drilling fluid to flow down the annulus (ie the gap between the drill pipe and the
drilled hole) and carry the cuttings up through the drill pipe. The Baptist method, Pounder Rig @and Ro
sludge have all tried to penetrate harder formations, with varying success. The Pounder Rig places the more
emphasis on drilling of a vertical hole, whereas the Baptist and Rota Sludge techniques emphasise very low
cost wells. The Baptist and Rota Skidegchniques can be combined with stonehammer drilling to penetrate
harder formations (eg laterite) whereas the Pounder rig is already designed for this.

Carter (2005) and Koegel (1985) provide good overviews of hand drilling technologies. Table 1 tes out
key aspects of digging and drilling techniques.



Table 1 Overview of Key Aspects of Digging and Drilling techniques

Method Ground breaking Hole cleaning Hole support Diameter (@)& Depth
In-situ permanent lining, or telescoped @=1to01.5m
Handdigging Handtools and/or explosives. Bucket, shovel, roplift caissons; temporary supportg by Depth =20m (80m in

timber/steel.

exceptional cases)

Humanpowered methods

Hand-augering

Handrotated cutting tool (auger) on end
of solid steel rod or stel pipe.

Periodic removal of auger with drill
rods/pipes.

Sometimes temporary plastic or steel casi
is used.

@ =50 to 150mm;
Depth = 20m

Hand percussion

Stonehammer

Humanpowered lifting and dropping of
tools suspended at the end of a rope.

Periodic removal athe cutting tools;e.g
with a bailer to gather spoil as slurry.

Temporary steel casing if required.

@ =50 to 200mm;
Depth = 15m (2030 m
if no casing regired.)

Sludging (S)

Pounder rig (P)

Reciprocating action of steel pipe, by

Rota sludge (R)

lever.

Baptist drilling
(B)

Reciprocating action of PVC pipe with a
bottom valve. The bottom 3m pipe is irorn
or galvanized iron.

Pumping actin of water down annulus and
up drill pipe.

Rely on drilling liquid for sufficient
hydrostatic pressure for support

(S) @ =50 to 100mm;

Depth = 30m

(P) @ =100 mm;
Depth = 30m

(R) @ =100mm;
Depth = 30rh

(B) @ = 32150 mm;
Depth = 30rh

Hydrostatic pressure of water is usually

Jetting . . . Flushing action of water pumped down dri . : @ =100 150 mm;

. Washing action of pmped water jet. : : sufficient. In running sangermanent or _
(washboring) pipe, flowing up annulus. . . Depth = 6 10nt

temporary casing can be installed
Mainly flushing action of water pumped

- Reciprocating action of steel pipe, by down drill pipe, flowing up annulus. Hydrostatic pressure of water is usually | @ =50 mm;

EMAS Dirilling . . : -
lever. Sometimes pumping action of water down | sufficient. Depth = 30m

annulus and up drill pipe.

Conventional met

hods (small and large rigs)

Cable percussion

Enginepowered lifting and dropping of
tools suspended at end of leftand lay
steel cable.

Peiodic removal of cutting tools;
sometimes with use of different tool to
gather spoil aslurry.

Temporary steel casing if needed; water o
mud can sometimes based in place of
temporary casing.

Mud rotary

Slow ptary action of drill bit together
with washing action of pumped mud.

Flushing action of mud pumped down drill
pipe, flowing up annulus.

Hydrostatic pressure of mugvith
blocking/thickeningagent if necessady

Down-the-hole

Slow rotary action ofapidly

hammer

percussing aipowered

Flushing action of high volume/high

pressure air pumped down drill

In collapsing ground simultaneous

(temporary) casing can be drawn in

Diameter anddepth
dependson the make
and model of drill
equipment. Diameters
of up to 12 inchand
depths to 0mare
possible.

! There are claims by those involved in the development of these technifaéthey have drilled deeper.
2 Depths of 30m have been recorded when drilling through silt.
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Hand Augering

Description: Hand augering can be undertaken with a heavy tripod aich (such as provided by the
Vonder Rig in Figure 2). Alternatively, very light equipment can also be utilised such as that common in Niger
(Figure 3). Common to both of these rigs is the auger bit (Figure 4). A bailer can also be used to remove the
spoi form the hole in the form of a slurry. Drilling is undertaken by rotating the auger into the ground, and
adding additional drill pipe as the hole deepens.

Figure2. Vonder Rig Figure3. Light Hand Auger guipment Figure4. Auger Bits

Capability:Hand auger drilling can be undertaken in a limited range of unconsolidated formations i-e. non
collapsing sands and silts and some clays. Stiff clay, gravels and hard materiatsbeadrilled unless the
technique is combined with percussion drilling. Temporary casing can be utilised with some equipment. The
depth limit for hand augering is about 20m. Diameters range from 50 to 200mm.

Locations The Vonder rig has been used exigaly in Zimbabwe and distributed widely within s8aharan
Africa. Hand augering experiences have been maddiger, Tchad, Senegal, The Gambia, Uganda,
Zimbabwe, Tanzania and Nigeria and Niger.

Equipment Availability: Off the shelf hand auger equipmeil(vith heavy tripod) is available from V&W
Engineering (Zimbabwe), Van Reekum (Netherlands) and Eijkelkamp (Netherdadsgr Engineering

(Australia). Lighter, but effective hand auger equipmerdl$® manufacturedin Nigerby Chafagane Maiga

S/CBP: 10988 Niameyel: +227 96 53 18 88

Documentation:

Blankwaardt. 1984Hand Drilled WellsRwegarilia Water Resources Institute, PO Box 35059, Dar Es Salaam
Tanzania

DHV. 1979Shallow WellsDevelopment Corporation Information Department, DHV Consulting Engineers
DHV Consulting Engineers, PO Box 85, Amersfoort, the Netherlands, Available from:
<http://www.dhv.nl>

Koegel, R. 198%elf Help Well$=AO Irrigation and Drainage Paper, FAO, Réwelable from World Wide
Web: <http://www.fao.org/docrep/x5567e/x5567e0.htm>

Naugle, J. 19964and Augered Garden Wellsutheran World Relief (3rd edition 1996). Available (in English
and Frenchpn World Wide Webkttp://www.en terpriseworks.org/pubs/Hand%20Augered%20Wells

color.pdf

Carter R.C 2005luman-Powered Drilling Technologiean overview of humapowered drilling technologies
for shallow small diameter well construction, for domestic and agui@llwater supply First Edition,
May 2005 Cranfield UniversityUK. Available fromorld Wide Web:
<http://www.rwsn.ch/documentation/skatdocumentation.200%1-15.553368718#%

Danert, K.2006A brief history of Hand Drilled Wells in Niger: Only therivéigis RWSN/WSP Field Note.
Available irEnglishand French). Available fromWorld Wide Web: <
http://www.rwsn.ch/documentation/skatdocumentation.20006-04.6706724248 and <
http://www.rwsn.ch/documentation/skatdocumentation.20006-05.545425982>



http://www.doreng.com.au/
http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/X5567E/X5567E00.htm
http://www.fao.org/docrep/x5567e/x5567e00.htm
http://www.enterpriseworks.org/pubs/Hand%20Augered%20Wells-color.pdf
http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5142178776/resolveuid/7d29a385c6054b4c9e2832d1a3e40ed0
http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5142178776/resolveuid/7d29a385c6054b4c9e2832d1a3e40ed0
http://www.rwsn.ch/documentation/skatdocumentation.2007-06-04.6706724248
http://www.rwsn.ch/documentation/skatdocumentation.2007-06-05.5454259082
http://www.rwsn.ch/documentation/skatdocumentation.2007-06-04.6706724248

Hand Percussion

Description:Percussion (also known as cable tool) drilling refers to the alternate breaking of the formation
and cleaning the hole. Percussion drilling is often undertaken with different ©ealg a chisel to break
followed by a bder to remove the spoil. There are also etayting tools available that can both cut and
remove the spoil. The drilling tools and weights (referred to as the tool string) is suspended from a rope or
steel cable and reciprocated through a stroke of 1 to @igures 5 and 6). Small amounts of water are
usually added to the hole to help loosen the formation. It is often necessary to line the hole with temporary
steel casing to prevent collapse.

Figure5. Hand percussion rig in action Figure6. Schematic of hand percussion rig

Capability: In principle, percussion drilling can deal with most ground conditions but progress can be very
slow in hard rock. Due to the limited energy inputs of hand percussiagress is considerably slower than

for conventional (mechanised) percussion drilling. If temporary casing is used, considerable time and suitable
tools are needed to drive it into the ground and remove it. Depths of 20 to 30m are possible if there is no
temporary casing required, otherwise the limit is about 15m.

Locations Zimbabwe, Tanzania, Liberia, Niger, Nigeria, Chad, Ghana, Central America.

Availability: Hand percussion is not commonly used today. However, there are some cases of mechanised
percussbn, and the principles of percussion are used alongside other techniques such as sludging, or have
been integrated into other combination hand drilling techniques such assioidge and pounder drilling.

Documentation

Carter, RCHumanPowered Drilling Technologiean overview of humapowered drilling technologies for
shallow small diameter well construction, for domestic and agricultural water sugipsy Edition,
May 2005 Cranfield UniversityUK. Available fromorld Wice Web:
<http://www.rwsn.ch/documentation/skatdocumentation.200%1-15.553368718#4

Koegel, R. 198%elf Help Well$-AQ Irrigation and Drainage PapeAO, Rom&vailable from World Wide
Web: <http://www.fao.org/docrep/x5567e/x5567e00.htm

Missen C. 200V ellspring Africa<http://www.wellspringafrica.orgé



http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5142178776/resolveuid/7d29a385c6054b4c9e2832d1a3e40ed0
http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5142178776/resolveuid/7d29a385c6054b4c9e2832d1a3e40ed0
http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/X5567E/X5567E00.htm
http://www.fao.org/docrep/x5567e/x5567e00.htm
http://www.wellspringafrica.org/

Stonehammer drilling

Description: This technique is a variation of hand percussion drifffigure 8) A 60cm long cutting tool is
fitted to the base of a drill pipeA 70kg steel weight (or hammer) is lowered into the gijle. This hammer

is raised and dropped onto the cutting tool, forcing it to penetrate the formation, before being lifted out
carrying the cutting¢Figure 7).

Figure7. Stonehammer Drill Figure8. Stonerammer Drilling in Action

-
oy b -

]| Open cut bat.

Capability: The stone hammer drilling method can penetrate reasonably hard formation, but progress is
slow.

Locations Nicaragua and India.

Equipment Availability:No off the shelf technology is available, but the rig cam$gembled in a reasonable
local workshop. Drawings and assembly guidelines are available in the sources set out in the reference list.

Documentation:Key references on stonehammer drilling are

Van Herwijnen, A. 2005&ota Sludge and Stone Hammer Drilfrigart 1 Drilling ManualPRACTICA
Foundation & ETC Energy. Maerten Trompstraat 31, 2628 RC Delft, the Netherlands

Van Herwijnen, A. 2005Rota Sludge athStone Hammer DrillingPart 2 Production ManuaPRACTICA
Foundation & ETC Energy. Practica Foundation Maerten Trompstraat 31, 2628 RC Delft, the
Netherlands


http://www.practicafoundation.nl/
http://www.practicafoundation.nl/

Driven Wells

Description A diven well refers to driving a well point and well screen diseinto the ground using a
hammering tool (Figur® and Figurel0). The material is forced aside rather than excavated by this
technique.This technique is sometimes used in conjunction with hand augering.

Figure9. Well drivingdevice (guided on outside of pipe) Figurel0. Drive points and screen

Capability:Koegel (1985) states that the 25 to 30 meters is probably the maximum depth for a driven well.
The depth dependsn the buildup of friction between the pipe and the formation drilled and the driving
force available. A hand driven well can generally only penetrate ab@umkters into course sands due to
resistance. Use of machinery can enable greater depths tedehed.

Locations:Chad, Cameroon and Madagascar
Documentation

Koegel, R. 198%elf Help Well§AO Irrigation and Drainage Paper, FAO, Rdak&lable from World Wide
Web: <http://www.fao.org/docrep/x5567e/x5567e00.htm



http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/X5567E/X5567E00.htm
http://www.fao.org/docrep/x5567e/x5567e00.htm

Hand Sludging

Description:Hand sludging (also known as Asian, or Indian sludging) is a traditional technique psets$

of Nepal, India and Bangladesh. It involves reciprocating a steel pipe (of 25 to 40mm diameter) vertically in a
shallow pit, which is kept full of water (Figure 11 and 12). The reciprocating action is achieved by a lever,
which is attached to a lmboo frame. One operator operates the lever while the other uses his hand over
the top like a flap valve. On the tgtroke the hand covers the pipe, while on the down stroke it lifts off. This
action enables the cuttings to be carried up through the @ik and exit at the top.

The water in the pit flows back down the drilled hole and then up the inside of the pipe, carrying the
cuttings. This provides a continuous circulation of water for the removal of the spoil as a sludge (hence the
name of the techigue). Thickeners or stabilisers can be added to the water in the pit to prevent collapse of
the hole and reduce lost circulation. Cow dung and sawdust are commonly used thickening materials.

Figurell. Sludging Equipment Figurel2. Sludging in West Bengal

L ‘5.”?[.(:;“',4»- .n.‘. e N g et e e st -~j_-:_'.-_

Bamboo Lever

' Water Pipe\J

Bamboo Pivot

/

Water Filled Dug Pit

Capability: Hand sludging is an excellent method for drilling silts, sands and certain clays. Hard layers can
reduce speed of penetration or halt progress completely. Some clays can block the glpign Coarse
gravels and sands can result in lost circulation and thus failure to remove spoil from the hole. Depths of up to
15m are common.

Locations Extensively used by private artisans (mistries) India, Bangladesh, Tchad.
Availability: Hand sludgingquipment is made locally in parts of India, Nepal and Bangladesh.
Documentation:

Ball P and Danert K. 1999and Sludging a Report from North West BenGaénfield University, UK.
Available from World Wide Webh#tp://www.rwsn.ch/documentation/skatcumentation.200511-
15.730679809%

Carter, RCHumanPowered Drilling Technologiean overview of humapowered drilling technologies for
shallow small diameter well construction, for domestic and agricultural water sugiptyEdition,
May 2005 Cranfield UniversityUK. Available fromi/orld Wide Web:
<http://www.rwsn.ch/documentation/skatdocumentation.200%1-15.5533687184

Knight J. 1995. Low Cost Drilling Methods: Improvements to Sludging to Penetrate Hard Layers. \4,Sc Thes
Cranfield University, UK.


http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5949555821/resolveuid/39a47320a6ef826c7c7651c7980f1055
http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5142178776/resolveuid/7d29a385c6054b4c9e2832d1a3e40ed0
http://www.rwsn.ch/prarticle.2005-10-25.9856177177/prarticle.2005-10-26.7220595116/prarticle.2005-11-15.6127855822/prarticle.2009-05-11.3051371225/prarticle.2009-05-11.5142178776/resolveuid/7d29a385c6054b4c9e2832d1a3e40ed0

Baptist Drilling

Description Terry Waller of Water for All in Bolivia developed Baptist drilling in 1993. It is a hybrid between
sludging and percussion drilling. The main difference is that while hand sludging reli¢I®Na 2 y Q& K1y
the top of the drill pipe as a valve, the Baptist method uses a valve, incorporated into the bit at the bottom

of the drill stem.

The drill pipe and bit are normally not removed from the borehole until drilling is finished. Drill cudtiags
suspended in the drilling fluid (mud) and pumped to the surface. The percussion action is performed by
lifting the drill stem using a rope and pulley attached to a simple (wood or bamboo) derrick. Drilling diameter

is kept small as possible with stdndlN\R RNAf f o0AG& YIRS FTNRBY MOE OO0H Y
accessories. With reamer bits the hole diameter can be increased to 150 mm. The drill pipe is iron or
galvanized iron for the bottom 3m, with PVC pipe extensions to keep the equipmentTige drill is lifted

with a rope and pulley and the drill can be rotated some 90 degrees. Some drillers have motorised the lifting
action. In Tanzania, the technique has beataptedfor the localconditionsand uses reamer bits to ream

holes up to 156nm where neededcalled the SHIPO version)

Capability This technique works best in sand, loam, small gravel and light rock. It will not penetrate hard
rock or boulders. The standard drill bits work through sticky and even consolidated clays. Optimlsimesu
varying conditions are obtained with an array of different bits, including those without a valve. In layers of
pure clay or gravel, progress is slow compared to sludging, since the clay has to be pounded into suspension
and stones have to be grourtd small pieces to pass through the footvalve. With the Shipo version of the
Baptist as used in Tanzania, stones smaller than 3 cm can be lifted in one piece because of the use of an
open drill bit combined with sludging. Drilling speed is variable wifleréint soil conditions and crews, but

over 15 m per day have been obtained in favourable conditions.

Figurel3. Reaming of a Baptist drilled hole by sludgin Figurel14. Drill bit with foot valve above

Equipment and CostThe core element of the rig can be made in almost anywaiding workshop, using
materials that can be found locally. A complete Baptist rig, all tools included and capable of drilling up to 30
m deep, can be assembled in Nicaragmaabout US$ 150. In Bolivia, the wells cost around US$2 per meter
(well casing and a lowost PVC pump and small provision for rig maintenance). Prospective well owners
provide all labour.

Locations Water for All in Bolivia provides training and advige purchase of materials to communities
(Water Clubs) that want to drill their own wells. Farnterfarmer training is used to pass the method onto

other communities. To date, over 2,000 Baptist wells have been drilled in 12 countries. Most wells are in
Boivia, followed by Nicaragua, Sri Lanka and Cameroon with trials in Ethiopia, Kenya, Tanzania, Zambia,
Mozambique, Malawi, Togo, Mexico, Argentina, Costa Rica, Nigeria and Mali, the Netherlands, USA and
Chile.

Documentation:

Cloesen P. 200Baptist DrillingAvailable on World Wide Web:
<http://www.rwsn.ch/documentation/skatdocumentation.20085-28.28096 75686
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hhttp://www.rwsn.ch/documentation/skatdocumentation.2008-05-28.2809675686

Fitzgerald, Q007. Low Cost Manual Well Drilliog@\ppicability throughout the World. Paper, Geological
Society of America Abstracts with Programs, Vol. 39, No. 6, p. 522

josephstocker2007 www.waterforallinternational.org [online] [Accesd on 7th January 2009] Available
from World Wide Web: kttp://www.youtube.com/watch?v=U229wMcNw&NR=%

paulcloesen2008.Baptist Well Drilling: motorizepbnline]. Available from World Wide Web
<http://www.youtube.com/watch?v=W6SIRaocVQZ4&NR=1

Water for All 2005 [onlineJAvailable from World Wide Wethttp://www.geocities.com/h2oclubs?

Waller, T. 2009 [onlinéBolivian Baptist Well Dritig. Available from World Wide Web
<mhtml:http://waterforallinternational.org/Documents/WFA%20Bolivian%20Baptist%20Drilling%20Sy
stem.mht!'WFABolivianBaptistDrillingSystem_files/frame.htm

Baptist Well Drilling Technologg009. [onlineAvailable from World Wide Web
<http://www.arrakis.nl/view _more.php?page=baptist well_drilling_technolegy
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Pounder Rig

Description: The Pounder Rig has been derived fromdglog, but has been designed to deal with the
weathered overburden, also known as regolith, which lies on top of basement formation. These conditions
are common in much of Africa.

The principle of drilling is the same as for sludging. It involves reeifingca steel pipe (of 25 to 40mm
diameter) vertically in a shallow pit, which is kept full of water. However, rather than a bamboo frame, a
steel frame is used (Figure 15). This ensures that the hole is drilled vertically and assists in separating the
cuttings from the water and thus the recirculation of the drilling fluid. A-sa& mechanism is used to raise

and lower the drilling pipe, and a steel and leather flap at the top of the pipe (inside an upturned bucket)
acts as a valve. The drill pipe compris  OF Nb 2y aiGSSt agANBEtAYySeé RNAEE LI
galvanised iron (Gl) pipe and able to resist the stresses imposed by the impact on the very hard layers.
Hardened steel drill bits are used to penetrate hard rock (Figure 16).

Figure 15. Pounder rig in Uganda Figurel6. Hardened Steel Button Bit

l,““ AT Ll
W 2 v-d ' 5 nwm M-

Capability: The Pounder Rig can drill through clay, sand, silt, gravel, laterite and limited amounts of hard
rock. The limitations arprimarily due to the slow progress in hard formations.

Locations Uganda.
Equipment Availability:One rig has been manufactured and is currently in Uganda.
Documentation

Ball, P and Carter, R, C. 2080ecification and Drawings for the Pounder. Rigport of DFID KAR Project
WTMHC Gt NAGFGS {SOG2NI t I NOAOALI GA2Y Ay [2¢ [ 2al
July 2000. ISBN 1861988X.

Carter, R, C. 200Private Sector Participation in Low Cost Water Well DrilbidD Infrastructure and Urban
Development Division KAR PROJECT HRed@6Report.
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Rota Sludge

Description:The rota sludge technique is similar to hand sludging and the Pounder rig. It involves raising and
lowering a steel pipe, which is weighted at the bottom and fixed with a drill bit on the base to drill the hole
(Fig19). A simple wooden frame and lever are used to enable the reciprocating action (Figure 17). Water
mixed with cow dung is used as drilling mugk to carry the cuttings to the surface and prevent collapse of
the drilled hole. A hand, placed at the toptbe pipe acts as a valve, lifting up and releasing the cuttings on
the down stroke and covering the pipe on the up stroke. A pit (Figure 18) enables the drill cuttings to settle
out and thus the mud to be recycled. A handle is clamped to the drill pipis. allows rotation of the drill

pipe, which assists to scrape and break the formation.

Figurel?. Rota sludge drilling Figurel8. Settling Pit Figurel9. Drill Bit

The sone-hammer technigue is used in conjunction with the rota sludge technique to penetrate hard
formation.

Capability: Rota sludge drilling is capable of penetrating soft, sandy formations. Gravel and small stones
within such formation can be lifted. The denique can be used to drill through, more cohesive sandy
formations and most clay. When very stiff clay, layers of hard rock, or boulders are encountered, these are
broken using the stonbammer attachment. However, due to the limits of human energy, @sg through

such formations can be slow.

Locations:Nicaragua, Tanzania, Madagascar, Ghana, Senegal, Mauritania and Niger.

Equipment Availability:No off the shelf technology is available, but the rig can be assembled in a reasonable
local workshop. Drawigs and assembly guidelines are available in the sources from Van Herwijnen (2005a)
and Van Herwijnen (2005b).

Documentation

Van Herwijnen, A. 2005&ota Sludge and Stone Hammer Drilrigat 1 Drilling Manual PRACTICA
Foundation & ETC Energy. Maerten Trompstraat 31, 2628 RC Delft, the NetheAadable on
World Wide Web: kttp://www.practicafoundation.nl/

Van Herwijnen, A. 2005Rota Sludge and Stone Hammer Drillirfgart 2 Production ManuaPRACTICA
Foundation & ETC Energy. Practica Foundation Maerten Trompstraat 31, 2628 RC Delft, the
Netherlands . Available on World Wide Welhttp://www.practicafoundation.nl/

Practicafoundation2008.Rota sludge drilling Madagascar January 4008ne]. [Accessed 7th January
2007] Available from World \We Web:<http://www.youtube.com/user/practicafoundatior
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Well Jetting , Washboring of Hand Turning

Description:Well jetting, also known as washboring, is considered to be a manual drilling technology, even
though it utilises a small pump. The techniquedlves pumping water (with a hand, or motorised pump),
down the drill pipe, which is held vertically in the hole. The water passes through the bottom, open end of
the pipe and carries the drilling spoil up the annulus. The drill pipe is held verticallglightly rotated

and/or reciprocated. It is the washing action of the water, which forms the hole. The drill pipe is usually up
to 50mm in diameter, while the hole is 100 to 150mm. The equipment comprises a centrifugal pump, suction
hose, flexible delivy hose, elbow and swivel and jetting pipes. Temporary casing can be used, but a
technique which enables the self jetting of wellscreens has also been developed (Figure 20). In cases where
the ground is very compact, a special jetting point is used (FRfre

Figure20. Well Jetting in Action Figure21. Jetting Point
'\ (& -'f'r-,l
'IA \_ \ 3 {:
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Capability: Well jetting can be undertaken in weakly cohesive sands and silts but cannot be used in hard
formations. Clay can only heenetrated very slowly; and gravels and other highly permeable formations will
result in lost circulation. Given the right ground conditions, jetting is a very fast drilling technique. Normal
depths are 6 to 10 meters, but depths of 30m (drilling throuidh Isave been recorded.

¥

Locations Nigeria, Cameroon, Niger, Madagascar, Senegal, D@niag, Zimbabwe, Sri Lanka.

Equipment Availability: Although an offthe shelf kit for well jetting is not available, it can be readily
assembled from locally availbomaterials. Seffetting screens are available from SWS filtration (2004).

Documentation:

Adekile D and Olabode O. 206€and Drilling in NigeridJNICEF/RWSN Field N@@091. Available on
World Wide Web kttp://www.rwsn.ch/documentationskatdocumentation.20092-
27.7138623246>

Carter, R.C. 198%&roundwater development using jetted borehoM#aterlines, 33) January 1985.

Jose J. 198&tudies and Design Improvements of Low Cost Well Jausg Thesis, Cranfield University, UK

The SWS Welletting Techniqu@001 [online].Available on World Wide Web
<http://www.swsfilt.co.uk/tech/tech3.htn>

SonouM. 1995 Low-cost shallow tube well construction in West Afrif@aline]. Food and Agriculture
Organisation Available on World Wide Welh#p://www.fao.org/docrep/W7314E/w7314e0Wntm>
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EMAS Drilling

Description EMAS Drilling, developed by Wolfgang Buchner in Bolivia combines jetting with a percussion
action. Drilling mud (water mixed with clay to a suitable density) is pumped down through the drill stem
using a hand operated mdte version of the EMAS8exi-pump. The mud flows back up around the drill

stem, carrying up the drill cuttings. Sand and small stones are decanted, and the drilling mud is recycled
through the pumpA percussion action is performed by lifting and drogpihe drill using a lever, mounted

on a drilling tower. In addition, the drill stem is rotated in Halfns in both directions, enhancing the
ANAYRAY3I | OGA2Y 2F GKS o0AlGDP ¢KS RNAffSR RAFYSGSNI
PVALJA LIS G2 FOO0O2YY2RIGS + mMoé tx/ LWAadz2y LldzYWheh f (K2
progress is difficult, due to particularly course sand or small pebbles, the technique is changed to a suction
system.A similar technique, called Madrils iinder development in Madagascar.

Capability EMAS drilling can penetrate loose soils, as well as consolidated materials and light rock but not
hard rock or boulders. In coarse sands, progress may be slow, as sand may sink faster than it can be lifted out
with the drilling fluid. In such conditions, a temporary switch is made to a sludging technique: an open
ended drill bit is installed, and a valve on top of the drill stem. The technique drills to 30m. The entire drill
stem is metallic so deeper drillitmpcomes heavy and several operators are needed to operate the lever.

Equipment An EMAS drilling rig, capable of drilling holes to a depth of 30m, can be built in Bolivia for about
US$ 600; 800 (including the tower, mud pump and all essential4«common bols to operate and maintain

it). All nonstandard components can be built locally in about anyveetding workshop, using only materials
found in ordinary hardware stores.

Figure22. EMAS Dirilling Figure23. EMAS Dirill bit Figure24. Hand operated mud pum

Locations This technology has spread out of Bolivia and has been applied in the rural areaupfPBraguay
Colombia, Chile, Honduras and Nicaragua.

Documentation:

Cleesen P. 200/ EMAS Drilling. Available on World Wide Web on
<http://www.rwsn.ch/documentation/skatdocumentation.20085-28.6936214484

Drinking Water Project (2005)\wvailable on World Wide Web on
<http://emas-international.de/english/index e.htm

EMAS have produced a set of DVDs which covesS=illing and other low cost water supply techniques.
Contact Wofgang Buchner @mas@entelnet.baf you would like to order a copy.

FRAG.1999.Guia Técnic@erforacion Manual de PozosHortalecimiento en Rg® Agricola
(troposec@ibw.com.ni)
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Country Overview

This chapter providgethe reader with an overview of the scale
and type of hand drilling activity being undertakerseiected
countries and oganisationsnvolved.

Hand drilled wells are being constructed for water usemore than20 countries around the worléhcluding
Bangladesh, India, Sri Lanka, Vietnam, Cameroon, Chad, Ethiopia, Mali, Ghana, Mauritania, Madagascar, Sene
Niger, NigeriaMozambique, Tanzania, Togo, Zambia, Zimbabwe, Bolivia, Nicafade 2provides an overview

of scale and the extent of activities in these countries.

However, on the whole, relatively little has been systematically documented. This chapter praseotzise
overview of hand drilling experiences from the eight countriesBahgladeshBolivia Chad,Madagascar Mali,
NicaraguaNigerand Nigeria.
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Table 2 Summary of extent of hand drilling in selected countries (Source: Danert, 2009)

Country Higory Techniques Scale (number of wells) References
X™Mnma - I mnnQa
r mnzn
SOUTH ASIA
Bangladesh Sludging is an ancient tradition. Sludging Millions WSP (2000)
India Sludging is an ancient tradition. Sludging Millions Ball and Danert (1998)
Sri Lanka Various trials Sludging, unnamed, Baptist X
Vietnam Sludging introduced in the 1980s by UNICEF. Ir Sludging Hundreds of thousands Ikin & Baumann (2004
1991 IDE introduced the treadle pump, which dic
not take off.
AFRICA
Cameroon Well jetting spread from Nigeria to Cameroon in  Well jetting, Baptist X
i KS YA RBaptigtdrilli@gwas introduced
more recently.
Chad Manual drilling was undertaken by local Sludging, jetting XXX Practica (2005)
SYGSNLINR&aSa Ay (GKS wmay
problems led ¢ loss of confidence in the sector.
Apparently hand drilling is @@ again on the rise
and 20¢ 30 manual drilling enterprises are active
Ethiopia Pilot only Rotasludge, Baptist X Communication with
Practica Founakion
Mali Training of private artisans in 2008. Various X
Ghana Pilot only(for irrigation and domestic) Hand augering, rotaludge, X
percussion
Mauritania Some manual drilling techniques have been test: Various X
Madagascar Jetting technique itroduced in the first few years Jetted Wells XX Communication with
of 2000. Bushproof
Senegal Well jetting was introduced in 1991. Apparently Augering, well jettig, rotasludge XX

private households in Casamance are paying for
their own water supplies with this technique
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Niger Training of manual drillers started in the mid Primarily Hand Augering XXX Danert (2006)
MdcnQad +F NR 2dza LINR2¢
particularly in the mid to late 1990s involving
private artisans. An estimated 10,000 hand drill¢
wells have been installed for irrigati and
hundreds for drinking water.
Nigeria Well jetting was introduced in Nigeria in 1982 as Jettingwashboring augering, hand X Adekile and Olabode
part of the Kano Agricultural Development Projec percussion, and recently Baptist (2009)
to provide irrigation wells in the sand rivers of drilling
Kano State and beywl. There was widespread
adoption of the technique.
Mozambique Pilot stage only. RotaSludge X
Tanzania Hand augering introduced during the Shamga Hand augering, rotagludge XX (estimate) DHV (1979)
Project in the 1970s. Ro&udge was introducec
in 2008
Togo Pilot only2008 Baptist X
Zambia Pilot only2008 Hand augering, Baptist X
Zimbabwe Vonder rig development and extensive use. Hand aigering XXX (estimate)

LATIN AMERICA

Bolivia Techniques introduced in 1993 through wat EMAS and Baptist XXXX Personal communicatior
clubs. with Water for All
Nicaragua Baptist, EMAS XXX NWP (2006)
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Bangladesh

Scale:Over 8 million hand dtéd
wells have been constructed to
provide drinking water for
. Fy3tlrRSaAaKQa
million.

LJZ2 LJd

Expertise:In Bangladesthand drilled |
wells areprimarily constructedby
small scale privatenterprises. Hand
pumps are sold by local traders.

Techniges:Handsludging
Pumps installed:

Mainlythe Bangladesh No 6 pump.

Fgure 25. Hand Sluding in Bangladesh

History: Tube wells have been drilled for at least 100
years in Bangladesh UNICEF worked with the
Department of Public Health Engineering to install
tube wells in the 1970s. The 1980saw this
technology be taken up on a wide scale by the
private sector, who installed millions of tube wells.
@ HananI Fy SadAyvyl (sere
using thesetube wellsfor drinking water(Smith et
al, 2000)By 200897% of thetotal population relied

on tube wells for drinking water

StandardsNone

Average Coststn UNICEF Bangladesh Programmes,
the cost of a hand drilled well with pump is about
$150.

Suitable AreasMost of the country excluding some
of the Chittagong Hill tractddoweve, wide spread
arsenic  contamination of the shallow aquifer has
led to questions regarding the suitability of this
option. UNICEF recommends testing of arsenic is for
each potential well.

Estimated potential target populationBy 2008, an
estimated 97%of the total population (140 million)
relied on tube wells for drinking water.

19
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Water Quality: Unfortunately, 1993 witnessed the
confirmation that there was arsenic in the
groundwater in at concentrations of over the
maximum level recommended by the WHTD|ig/l)
and Bangladesh (50ug/l). The seriousness of this
problgm became i in the second

e 19doép rc'rﬁjggg Puhk ds rﬂ}ér%ted that 21
million people were exposed to arsenic levels of over
(50ug/l). The long term health effects iiigesting
high concentrations of arsenic include skin lesions,
skin cancer and internal cancer (bladder, lung, liver
and kidney). However, the effects take 10 to 40
years to manifest themselves (Source: Smith et al,
2000).

Organisations involved: Numerous small
private sector drillers.

scale

Documentation:

Smith A., Lingas, E.O. and Rahman M. 2000.
Contamination of drinkingvater by arsenic in
Bangladesh: a public health emergen®ulletin of
the World Health Organisation, 78 (9)

WSP (2000) The Growth © Private Sector

Participation and Rural Water Supply in Rural
Bangladesh Water and Sanitation Programme
(WSP), Washington DC, USA.

UNICEF (2008Arsenic Mitigation in Bangladesh
UNICEF

Independent EvaluationsNone found.

Last update of informationdune 2009



Bolivia

Scale:lt is estimated that more than 20,000 hand drilled wells have be
constructed in Bolivia with the EMAS methderivations (BOPS or AYNI)
addition, up to 3,000 welldiave beenconstructed using the Baptist Drillin

Technology

Expertise:Bolivia is the home to both EMAS and Baptist Driltimeghods.In | =
the case of EMAS drillingver a hundred of local small enterprises hay
been trained in the methodnd offer drilling services and the fabrication ¢

activities (e.g. vegetable gardens)in contrast, thosepromoting Baptist
0KS Sljdza LIYSy

RNREfAYy3
and drill wells for themselves.

{ Sy R

TechniquesBolivia is thénome to both EMAS and Baptist Drilling methodsi LA 2 RS RRIILTY

l.]Z ., Tl

Pumps installed on hand drilled wellEMASBOP&nd AYNlpumps

History: Wolfgang Buchner first developeEMAS
drilling in Santa Cruz around 1985. order toapply
the technologyon a wider scale, Buener formed a
schoolto train smallscaleentrepreneurs.As a result
of this initiative, privateenterprises own drilling
equipmentand provide wells fordmilieswho pay
for the drillingand materials angbrovidelabour.

Subsequently the PaAmerican Helth
Organisations (PAHOhe Sumaj HuaskFoundation
and JICAave contributed to its improvement and
diffusion in Bolivia Currently UNICEFBolivia
promotes the technology in rural areas.

Development of the BolivianBaptist drilling
technique by TerryWaller of Water for All (WFA)
commenced in 1993. Small enterprises drilled 940
Baptist wells between 1995 and 2006.2001, WFA
went on to use a water club approach (WFA lends
drilling equipment). Since 2001, 495 wells were
drilled as a result of the WateClubs and about 200
more wells were drilled by the private enterprises
(data source: WFA). WFA estimates that each well
serves 10 to 20 people plus livestock.

StandardsNot yet developed.

Costs:EMAS:US$ 501,000 for drilling to a depth
of 2540m and equipping with a manual pump. It
costs an additional 8% 500if a concrete platform
and protection structureis built and training in
operation and maintenancis provided

Baptist These wells are subsidized by the support
organisations. Bneficiaries are expeced to pay
US$15 per wellas a contributiorfor maintenance of
the drilling equipmeny, and provide labour and local
materials.

Suitable AreasTertiary andquaternary soils in the
Amazonian Lowlands ofSanta Cruzand Beni
departments; the Chao and highlands ofLa Paz
department
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Estimated potential target population40% of the
rural population of theabovesuitableareas.
Hydrogeological MappingStudies were carried out
with the support of JICA regarding the availability of
groundwater inthe Chacaand Amazonia

Water Quality of wells drilled by government or

international corporation supportis monitored.

Non-suitable areas for exploitation of groundwater

are.  Andean region (arseni¢ and Amazonian

lowlands(excessron and magnesiuin

Organisations involved:

1 EMAS (Wolfgang Buchne

emas@ceibo.entelnet.njo

1 Water for All (WFA) (Terry Waller

terry@southlandbaptist.orp

1 Fundacion Sumaj Huasi (FSH) (Carlos Suntura

csuntura@sumaj.ong

1 UNICEBOalivia @alvestegui@unicef.ojg

1 CRS/EPARU (Alberto Chavez,

achavez@crsbo.ofg

1 Numerous local private enterprises.

Documentation:

Buchrer E.No trastee mas agua, perfore su propio
pozo.Programa de Agua y is@amiento (available
from author)

Fundacién Sumaj Huasi (FSPtesentacion
institucional de la tecnologia AYI2D09. (available
from csuntura@sumaj.org)

Orozco G.Qperacion Mantenimiento del Pozo
Perforado y Bomba Manual BOPS 201299.
PAHO La PaAolivia

Water for All 2005. Available from World Wide
Web: svww.geocities.com/h2oclubs

Waller, T. 2009 [onlinggolivian Baptist Well Drilling
Available fromhttp://tinyurl.com/mmxznk

Last update of informationJuly2009



mailto:csuntura@sumaj.org
mailto:aalvestegui@unicef.org
http://www.geocities.com/h2oclubs
http://tinyurl.com/mmxznk

Chad

Scale: It has been estimated (by UNICERad) that
thousands of handlrilled wells are used for irrigation
More than 300 have been installed specifically for drinking
water supply(230 were constructed since 2006f which
130were for Internally Displaced Persons

Expertise: 83 local hanedrilling enterprises have been
identified in Chad. Of these, 43 have been registered in a
database (maintained by UNICEF Chad) and have been
given further training n hydrogeology well drilling
management and business skillA total of20 controllers
have also been trained.

Techniques:Hand augering, sludging and jetting are the
three methods deployed in Chad. The jetting method is t -

Pumps installed on hand drilled well$ndia and Vergnet

History: Wells have been drilled amualy in ad Estimated potential target population70% this is a
since 1965. The Pace Corpswere using the gualitative estimate made byUNICEFand the
techniquesin 1980and Care International between Ministry of HydraulicsIn Chad,manual drilling is
1987 and 1990 for safe drinkjnwater supply and very suitable in the most populated areas

irrigation. With the support of theserganisations,

: . Hydr logical M in n undertak
numerousdrillerswere trained. ydrogeological Mappinghas been undertakerto

identify suitable area formanual drilling Maps are
As demand increased, morenterprisesbegan to available Practica Foundation, 2005

drill but they lacked thenecessary technical skills.
Poor constructionquality led to a loss of confidece
in manual drillingand abelief thatthe wellscollapse
easilyandcause pollution of shallow groundwater. Organisations involved: Ministry of Fsheries,

. . Pastoral and Rural HydrauliceNICEF, PRACTICA,
In 2005, UNICEPhadtook the lead in a reemerging . .
manual driling sector. PRACTICA and Oxfam World Bank,Chadian Chamber of Trade and Private

. , Afri Devel Bank (AfDB).
undertook a feasibility studyn September 2005A Sector, African Development Bank ( )
strategy wasadopted by the Ministry of Hydraulics Documentation:
to professionalie and scat-up up manual drilling.

Water Quality:No documents published\o specific
issues have been raised.

Practica Foundation 200B8.ssessment of the

Standards: Technical standards have been Feasibility of Manual Drilling in Cha@lractica
developed formanually drilled well$30 to 50 m in Foundation/UNICEF (download report from
depth) and adopted by Governmen{Ministry of <http://www.rwsn.ch/documentation/skatdocum
Fisheries, &toral and Rural Hydraulics, no date) entation.200902-16.0323391999)

S aAyAaidsNB RS I tsOKS:>
et Villageoise, 200MNormes et Standards de
Forage Manuels au Tcha@wvailable on World

Average Coststrrigation wells¢ US$ 300, Drinking [
water wells ¢ US$ 2,500 to 4,000 (higher costs
include pump and training).

Wide Web:
Suitable Areas:55% of the southern part of the <http://www.rwsn.ch/documentation/skatdocumen
Chadian territory: Kanem, Hadjeamis, Logone, tation.2009-07-16.495730609 1>
Tandjillé,MayeKebbi East, Guera, and the South _ ,
East. Last update of informationJune2009
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http://www.rwsn.ch/prarticle.2009-05-12.8187388692/prarticle.2009-05-12.8341633842/resolveuid/7011a61b5bd9b9cab8f1a82a2c20b4c1
http://www.rwsn.ch/prarticle.2009-05-12.8187388692/prarticle.2009-05-12.8341633842/resolveuid/7011a61b5bd9b9cab8f1a82a2c20b4c1
http://www.rwsn.ch/documentation/skatdocumentation.2009-02-16.0323391999
http://www.rwsn.ch/documentation/skatdocumentation.2009-02-16.0323391999
http://www.rwsn.ch/documentation/skatdocumentation.2009-07-16.4957306091
http://www.rwsn.ch/documentation/skatdocumentation.2009-07-16.4957306091

