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Disclaimer

This manual is part of the main manual, named “ST 1 Wells”. Other manuals in this range are:

ST 1.1 Geology and Site Selection;

ST 1.3 Baptist drilling;

ST 1.4 Finalization of the borehole;
ST 1.5 The hand dug well;

ST 1.6 Finalization of a hand dug well;
ST 1.7 Training of care takers;

ST 1.8 Training of drilling companies.

This manual can be used separately from the other manuals and is based on experiences in the field

and manuals made by A. van Herwijnen, Practica Foundation and ETC.

This manual may be copied or adapted to meet local needs, without permission from the authors,
provided the parts reproduced are distributed free or at nominal cost, not for profit and reference to the
source is made. While every care has been taken to ensure the accuracy of the information given in
this manual, neither the publisher nor the author can be held responsible for any damage resulting

from the application of the described methods. Any liability in this respect is excluded.

Rota Sludge drilling has many details which can be best learned with practical training. Therefore it is
highly recommended to use this manual in combination with practical hands on training. This training

can be supplied by Connect International. Please feel free and contact Connect International.

Foundation Connect International
Jan van Houtkade 50

2311 PE LEIDEN

The Netherlands

Tel./Fax +3171514 1111
Website www.connectinternational.nl
Email info@connectinternational.nl
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1 Introduction

The techniques for drilling a drinking water or irrigation borehole, can be divided in two categories:
a) Dirilling with a machine;
b) Drilling manually.

Manual drilling is cheaper and less complex than drilling with a machine but is limited due to depths
and ground layers. Compared to making a hand dug well, the drilling of boreholes is less dangerous,

can penetrate deeper into the aquifer and is more hygienic.

Rota Sludge drilling is one of the manual drilling techniques. It is named after the rotation of the arm
that is connected to the drilling pipe. This rotation makes the soil loose so it can be transported with

the drilling fluid (sludge) above ground level.

Rota Sludge works in soft soil with a loose structure such as sand and clay and to some extend sand
stone. Gravel and stones smaller than 4 centimeters can be lifted when drilling with 2 inch pipes. This
if the stones occur in a loose soil structure, so that they can easily be loosened and removed or
pushed to one side. With this method down to some 40 meter can be drilled (the limited factor is the

weight of the drilling pipe that are lifted by the lever operators).

The driller at work
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2 How it works

Drilling with the Rota Sludge methods, works as follows: A steel pipe with a cutting bit is repeatedly
lifted and dropped on the bottom of the well. The lifting structure consists of two vertical poles, a lever
and a horizontal beam, all tightened together. An arm is clamped on the top drilling pipe to rotate the
drill bit at the moment it hits the bottom.

The drilling team consists of the following people:
The driller: who controls the water flow with his hand and coordinates the team;

The lever operators: who pull the drill pipe up and down;

The arm operator: who rotates the drill pipe.

The driller, lever operators and the arm operator in action

The borehole is kept full with drilling fluid (water mixed with bentonite, okra, fine clay or cow dung).
This drilling fluid is used to increase the consistency of the water that is needed to transport the
cuttings and to seal the shaft of the borehole to prevent water loss.

On the down stroke, the impact of the drill bit loosens the soil. On the up stroke the top of the pipe is
closed by the hand of the driller, drawing up the water through the pipe and transporting the cuttings to
the surface. On the down stroke, the driller removes his hand from the top of the pipe and the water
squirts into a pit in front of the well.

In this pit, the cuttings settle down, while the drilling fluid overflows from the pit back into the well. This
results in a continuous removal of cuttings. As the drilling progresses, more drilling pipes are added till

the right aquifer is found.
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3 The materials and tools

4
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4  Dirilling step by step

4.1 Setting up the drilling site and start drilling

® @

Make two holes, each 1 meter deep. Distance Prepare poles with notch, length around 2.4

between the holes should be 40 centimeters. meters and place them in the holes. Height of
notch should be 10 centimeters below shoulder

of drillers. Use stones and soil for the fill up to

increase the stability of the poles.

O

Place the horizontal beam in the notches and mount the lever with rubber strips. The distance from the

horizontal beam to the lever end should be 50 centimeters (see detail of the picture).
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O

Mount a chain 35 centimeters above the
ground and attach it with 2 nails. Make the start
hole by using a soil punch (40 centimeters in
front of the poles, 10 centimeters out of the
middle).

)

Use the material from the start hole and sink pit
to form a dyke around the pits with a diameter
of 3 meters. Prepare drilling fluid, mix water
with clay or dung and fill up the pits and start
hole (see chapter 5).

©

Make 2 sink pits, 30 cm in front of the start
hole. For sizes see chapter 7.1. Be aware that
the drawing above shows 1 sink pit which is
possible but will be less efficient than 2 sink
pits because the particles has less time to

settle.

0

Place the heavy drill pipe in the start hole
and connect the chain with the help of a rope

to the drill pipe (bow line knot).
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Connect the arm to the drilling pipe.

On the down stroke open your hand and squirt
the drilling fluid in the sink pit. Here the heavy
particles sink and the drilling fluid flows back
into the borehole. The sink pit should be
emptied with a how when there is 5 cm of
sediment. Use this sediment to enforce the

dyke around the sink pit.

©

Make sure the drill pipe is full with drilling liquid.
Start drilling by closing the pipe with your hand
and lift the drill pipe up with the lever.

G

After the down stroke, the arm operator rotates
the pipe a quarter of a turn in clockwise
direction. This causes the drill bit to scrape
while hitting the ground. On the upstroke the
arm is brought back in his original position,

ready for the next turn.

This cycle is repeated until the top of the first
drill pipe has reached ground level. Then a new

drill pipe is added (see chapter 4.2).
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4.2 Connecting and disconnecting the drill pipes

Start with a
weighted drill pipe
of 1.5 meter (see
chapter 7.3).

When this reaches
ground level, a 1.5
metre coupling
pipe should be
connected.

For the drilling, 2
inch galvanized
drilling pipes are
used which are
connected with
sockets (see
chapter 7.6).

The 1.5 meter Now the drilling Again 1.5 metres

drilling  pipe is pipes are raised to can be drilled after

drilled to ground the level of the which the coupling

level. socket. pipe is attached.
The 1.5 meter The cycle is then
coupling pipe is repeated until the
then removed and desired depth is
replaced by a new reached.

3 metre drill pipe.

Always make a drilling log to note the changes in soil structure. An
experienced driller can feel the structure of the soil with his hand to
determine when to flush (see chapter 4.3) or when water layers have
been reached. Indications are that drilling fluid becomes colder and sand
contents in fluid increases. By placing a bucket in the pit, the cuttings can
be collected during drilling. For more details see the manual ‘ST 1.1
Geology and Site selection’.

Connect International — ST 1.2 Rota Sludge Drilling 10



When raising the pipes,
the lever operator will
lower the lever as far as
possible so that the chain
will lift the pipe. At the
highest point the holding
wrench is attached.

The chain will now be
released due to the
wrench is automatically
lamping onto the pipe with
its weight. Because there
is no tension on the chain,
the chain  will slide
downwards along the
drilling pipe. At the same
time, the lever will moved

upwards.

Always ensure that the drilling pipe is secured by the

chain before connecting and disconnecting!

The lever operator can
now make the following

stroke.

Lifting can be done by
holding the pipe with a
wrench supported on a
piece of wood. Lowering
the pipes works the same

way but in reverse.
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When the end of the first pipe has been
reached, the chain should pass the socket

so the pipe is secured.

The supporting
rope is loosened

and the chain will

Now that the chain
has passed the
socket, the pipe

be able to pass the can be safely
socket more unscrewed.
easily.
When the borehole is deep enough:
1 Remove the drilling pipes;
2. Make sure the borehole stays full with water all the time;
3 Install the casing;
4. Start washing the borehole by adding clean water;
See for more details the manual ST 1.4 Finalization of the borehole.
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4.3 Flushing the well

During flushing the drill pipes are pumped clean. In principle, flushing the pipes clean have to take
place every time the drilling is interrupted. An interruption is considered to be a pause of longer than
10 minutes. Thus certainly at the end of the working day but also e.g. when connecting a new drilling
pipe. Flushing prevents the sludge from becoming too heavy. It may also be necessary to flush in
between times. When regular flushing is “forgotten” then the sludge will become too heavy preventing

the water from being pumped around. Drilling becomes more difficult.

An experienced driller knows when to flush. He feels this through the pressure on his hand. The
greater the suction pressure on his hand, the heavier the sludge is. It an also be determined by the
volume of water squirting out, which decreases with heavier sludge. The driller instructs the lever
operators to wash and washing takes place until the driller feels a reduction in the concentration of
sludge. The lever operator does not allow the pipe to fall onto the bottom but raises it and lowers it
without touching the bottom of the well. The arm operator keeps the arm still.
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5  Problem solving

“How do | know where to start drilling?”

See the manual ST 1.1 Geology and Site selection. Talk to the people in village and ask about their
experiences with boreholes, wells and water tables. Look for open wells to determine the depth of
water and type of soil. It gives you an indication about the water- and ground layers (although this can
change within a few meters). Look for specific vegetation and slopes in the environment. If you are

comfortable, use the divining technique.

“How do | know my drilling fluid is ok?”

There is no general rule for the best solution. Normally mix 1/3™ bucket of cow dung with 1/3" bucket
of water. Stir well. In general use 1 bucket of drilling fluid for every 3 meters of drilling progress. If the
fluid is too thick, there is no time for the particles to settle in the sink pit. If the drilling fluid is to thin, the

drilling fluid has not the capacity of carrying the particle up in the drill pipe.

“No sludge comes out of the pipe!”

Possibly your drilling pipes are clogged. If so, clean the drill bit and pipes. After cleaning dilute the

drilling fluid a bit and flush frequently during drilling. It is even possible that your drilling pipe broke.

“l don’t make progress during drilling!”

In hard compact ground such as tuff stone and sandstone, it may be necessary to connect a second
weighted pipe. This will give more pressure on the teeth rendering the drilling more effective. It is also
possible that the drill bit is blunt so check the drill bit. It is possible that you hit a stone layer.

“| find stones and boulders during drilling!”

Bouncing of the drill pipe and practically no drilling material coming out often indicates to the presence
of stones or boulders. Experienced drillers can hear this from the sound made by the falling pipe. In
such cases, a smaller drill bit can be tried or a heavy pipe with a few teeth to crush the stones. If it is a

real hard layer and you did not reach your aquifer yet, try to use the stone hammer technique.

“My borehole collapsed!”

In most cases this can be avoided by adding clay or cow dung as soon as the water level goes down
in the borehole. Therefore always mix 2 buckets and keep them ready for immediate use. In sandy
layers there is an extra danger of collapsing of the borehole especially with a high drilling speed. To
prevent this, add extra cow dung to the drilling fluid. Make sure the hole is always full of water also
during the night! Clay or cow dung must be added as soon as water loss is observed. If your borehole
collapses during drilling, make sure that you get your drilling equipment out of the well as soon as
possible and remove the collapse soil with the normal drilling method afterwards.
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Avoid problems!

Keep the equipment in shape, organize the drilling site properly; know what you do, be up to date!

“| lost tools or pipes in the borehole!”

If this happens, use fishing tools to get them out. Waiting too long will give the sediments time to settle
around the drilling bit at the bottom of the borehole and it will be much more difficult to remove pipes.
There are several types of fishing tools that depends object you loose. Connect International can

provide further information and training about the production and using of fishing tools.

“How do | know | reached (enough) water?”

Normally you want to use the aquifer over the whole length. This means you continue drilling after
passing the first clay layer (if exists) till the second clay layer or stone layer. If you have enough water
depends on the type of soil because this determines if the water will be transported to the borehole. If
you are only drilling in clay layer it is almost for sure that your borehole will give no water. Normally
sand or gravel is the best soil type for the aquifer. See also the manual ST 1.1 Geology and Site

Selection.

“How do | maintain my Rota Sludge Equipment?”

The maintenance of the equipment mainly consists of cleaning and greasing the threads of the pipes.
Cleaning of the threads is done with a steel brush. After cleaning the threads are greased. Always
cover the threads of the pipe if you don’t use them. Mainly during transport, there is a high risk of
damaging the tread of the pipe. Furthermore, although in practice it appears that there is little wear
and tear of the teeth of the drill bit, it is nevertheless recommended that the teeth should be
maintained. All teeth of the drill bit are sharpened by using an angle grinder. Always inspect the chains
and ropes.
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6  Materials for Rota Sludge production

Below is a list with machines, tools and consumables that are at least necessary to produce Rota

Sludge drilling equipment. Spares like hack saw blades or an extra drilling bit, are not included.

Machines

Electric welding machine, 230 Volt; 150 Ampere;
Hand drilling machine;

Angle grinder.

Tools
2 Spanners for M24 nuts and bolts;
2 Spanners for M17 nuts and bolts;

Hack saw;

Flat file and round file;

Square;

Pipe thread cutter (up to 2 inch, although a cutter can also be
made yourself);

Plier (incl. vice grip);

Set drill bits (3 mm to 12 mm));

Steel brush;

Hammers (normal, heavy and welding hammer);

Work bench with vice;

Scratch pens (for drawing on steel) and permanent markers;

Ear and eye protection (for using the angle grinder);

Measuring equipment like angles, tape and calliper.

Consumables:
Electrodes 2.5 mm;
Oil (10 W 40, for drilling with the hand drilling machine).

Connect International — ST 1.2 Rota Sludge Drilling
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7  Construction and drawings

7.1 Sink pits

A double sink pit, should be designed as the below drawing shows. Use the soil that comes out of the
sink pits to make a dike around the pits so that splashed water will flow back into the sink pits. The

measurements are in centimetres.
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7.2 Dirill bit

This is in fact a two step drill bit because it consists of two drills: one for actually drilling and one for

reaming the drilling hole to the desired diameter of 5 inch.

Material requirements

(Car) spring steel:

Strip 8 millimetres (mm) thick by 60 mm wide, 120 mm in length;
Strip 12 millimetres (mm) thick by 70 mm wide, 80 mm in length;
Galvanized pipe 2 inch, wall thickness minimum 3.2 mm, 250 mm
in length, provided with thread on one end;

Galvanized pipe 3 inch, wall thickness minimum 3.2 mm, 50 mm

in length.

Construction
Cut the teeth into the spring steel to the correct width, using the
angle grinder;
7 Teeth at 15 mm wide (strip 8 mm thick);
4 Teeth at 18 mm wide (strip 12 mm thick);

Weld the teeth on the galvanized pipe, keeping an equal distance
between them, at an angle of 70 degrees (for the construction drawing see page 19).

Ensure that the teeth have a contact surface of 50 % of their total length with the bit. Weld all around

the tooth. Use angle irons to centre the 2 inch pipe.

Connect International — ST 1.2 Rota Sludge Drilling
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Seizes in millimeters
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7.3 Weighted drill pipe

Material requirements
2 inch galvanized pipe. Length 1.5 meters. Provided with thread on the two ends;

Round bar, 18 millimetres (mm) in diameter, total length of 18.2 meters.

Construction
Cut the round bar in 14 pieces of 1300 mm length;
Keep the pipe 100 mm free at both ends and weld the bars lengthwise around the galvanized
pipe;
Smooth down the ends of the bars to avoid them from scraping the wall of the bore while

drilling.

7.4 Horizontal beam

10 mm 70 mm
R

Material requirements
Round bar, 30 mm in diameter, 500 mm in length;

Round bar, 10 mm in diameter, 400 mm in length.

Construction
Cut the 10 mm round bar in 4 pieces of 100 mm length and bend them to rings which can be
slid over the 30 mm batr;
Weld the two rings at 70 mm from the two ends of the 30mm round bar and then the next two

at 10 mm from the end (see drawing above).
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7.5 Arm

The arm consists of the handle (A) and the clamp (B).

Material requirements
Galvanized (Gl) pipe %2 inch, 160 millimetres (mm);
Gl pipe 1 inch, 885 mm in length;
Gl pipe 1% inch, 560 mm in length;
Gl pipe 2 inch, 60 mm in length;
Iron strip, 5 mm thick, 30 mm wide, 120mm in length;
Iron rod, 6 mm in diameter, 700 mm in length;
Nut and bolt, diameter 10 mm, 60 mm in length;

Steel chain, 3 links (6 mm thick, each link approximately 20 mm).

Construction

Cut the materials to size, using a hack saw.
Gl pipe %2 inch - 160 mm;
Gl pipe 1 inch - 2 pieces of 5 mm, one piece of 75 mm and one piece of 800 mm;
Gl pipel¥%inch - 2 pieces of 5 mm, one piece of 150 mm and 2 pieces of 200 mm;
Iron strip - 2 pieces of 60 mm;

Iron rod - 4 pieces of 60 mm.

Connect International — ST 1.2 Rota Sludge Drilling
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Use for the handle a 200 mm length of the 1% inch pipe and slid this over the end of the 1 inch pipe of
800 mm (see the drawing on page 24). The handle is held in place by rings welded on to the arm (6
mm iron rod). The handle can thus move freely and is more comfortable to operate.

The clamp is discussed below. The other parts are easy to make by using the pictures.
Saw the 60 mm 2 inch pipe into two, creating two half pipes. These parts are connected with a
three links of a chain which functions as a hinge. The outside links of the chain are welded
onto the two pipe parts while the middle link is free to move;
Weld the 4 iron rods (6 mm) lengthwise in the half pipes. These will increase the grip
preventing the arm from slipping when turned,;
This clamp will fit now around a 2 inch drilling pipe (see right drawing below). Ensure that, by

shortening the pipe’s far end, the two far ends have a distance of 25 mm;
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Drill two holes into the centre of the iron strips (diameter 12 mm);

Once again, fit the clamp onto the 2 inch drill pipe and weld the strips, parallel to each other,
on to the far end. The holes should be drilled opposite each other so that the bolt can be fitted
more easily. Attach the four far ends of the strips to the pipe by using 6 mm iron rod. This
prevents warping whilst the bolt is being turned;

After that, weld iron rods as shown as the right picture below to ensure strength. The iron rods

also prevent the bolt from turning because it is now embedded between the rods.
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7.6 The drilling pipes

2" Galvanized Coupling pipe - 1.5 metre
This is a 1.5 metre pipe (see A in the picture) which is threaded at both ends. Only one is required. On

one end a socket is fitted and welded on to the pipe.

2" Galvanized Pipes - 3 metres
These are 3 metre pipes, threaded at both ends (see B in the picture). The number of pipes depends

on the depth which has to be drilled. A socket is welded onto one end of each pipe.

The galvanized pipes should have a minimal wall thickness of 3.2 mm.

In some cases American thread is used which occurs in Central
America. In contrast to English threads, these are cut deeper, rendering
the pipe very weak in these places. A solution was found by welding on
a thicker end piece (Gl pipe with a wall thickness of 5 millimetres and
15 centimetres in length), on which the thread can be cut without any

problems.
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