


























Appendix 2: Photos

Photo 11: The test drill kit set up to sludge

Photo 12: Sludging in action
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Photo 3: Jetting in action

Photo 14: Augering in action
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Photo 16: The Oxfam auge kit
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Photo 18: The point valve bit with holes but with valve shut
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Photo 20: The point valve bit — post drilling
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Photo 22: Jetting using plastic pipe
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Appendix 3: Items used to construct the test
drill rig

4m tall tripod

A pulley

5No pieces of scaffolding pipe

5No clamps

INo swivel clamp

Climbing Rope

A portable SkW, self priming, centrifugal mud pump

3No lengths of 6m(approximate) hose

A bowser

An electric submersible pump

2No drill pipe clamps which sufficed as handles to rotate the drill pipe.
A Patdrill 202 drilling table

4No 3m lengths of 50mm Galvanized Mild Steel Tubing with 11/2" BSP Thread
2No drill bits designed and made at Cranfield University, Silsoe

INo pronged drill bit

12m of plastic 11/2"BSP (British standard pipe) with rope thread — for drill pipe
3” plastic BSP pipe with rope thread - for temporary casing

An Oxfam auger kit

Tape measure

Marker Pen

Spade

Spanner

Screwdriver

Mallet

Hammer

2No stiltons

2No Metal spikes

A Ladder

A hand auger
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Appendices 4: Borehole logs

Borehole Log 1 — Jetting using the cross chisel bit

Set up rig — Augered to 30cm depth.

A Patdrill 202 drilling table was emplaced over the top of the borehole to keep the
hole straight.

Necessary to keep drill table horizontal so as to ensure hole is vertical.

Found it necessary to excavate small pit around the hole for removal of drill cuttings
(photo 13, appendix 2).

Hose was getting in the operators way, good idea to have a tie to attach hose to tripod
away from drill pipe.

Would be better for hose connection pipe to be longer and handle shaped so operator
can use it to turn drill pipe, this would also keep hose out of the operator’s way.
Found it useful to clamp handles onto the drill pipe to help create a rotary action
Drill pipe was turned the same way as the pipes were threaded to avoid unscrewing
the drill pipe connections.

The roller bar was found to work quite well once a lot of grease was added between
the two pipes. The rope had a tendency to move a little across the roll bar - a pulley
maybe more appropriate as it would keep the rope in one place.

The jetting used more water than was expected and a submersible electric pump was
fitted into a nearby borehole to pump additional water into the bowser.

A drill fluid recycling pit was not dug due to time limitations.

The bit worked well through the different types of material it encountered — the
stabilizers on the drill bit helped to keep hole straight and to give the hole a wide
diameter.

Turning +scraping the bit was found to improve drilling performance.

No significant damage was found to have occurred to the bit upon completion of the
hole.

Hole completed at 4.5 meters after 1hour of constant drilling.
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Borehole Log 2 — Jetting using the open pronged bit

Set up rig —augered to 30cm.

Changed the pipe lifting mechanism; did not use the roller but just the pulley at the
top of the tripod; found that added support was then needed to keep the tripod in
place. A metal pin attached to one of the tripods legs was found to be sufficient to
keep the tripod stable.

Pulling the rope just using the pulley was a little easier than with roller.

Drilled through underlying material relatively rapidly, two people were found to be
sufficient to operate the rig using this bit.

When hard bands were encountered, it was found that it helped when one operator put
weight onto the drill pipe during the downward stroke and ground the pipe on the
bottom of the hole.

Plastic drill pipe was added after reaching a depth of 4.5m (photo 22, appendices 2.) —
it worked reasonably well when drill pipe was being used percussively, however not
so well when the driller subjected rotary action to the pipe. The pipe flexibility built
up torque within its structure rather than directly being transferred to the bit and rotary
movement was restricted.

One cutting prong was found to be bent on retrieval of the bit (see photo 21,
appendices 2)

Hole Complete 6.5m in 42 minutes

Borehole Log 3 — Jetting using the dart valve bit

Set up rig — augered 30cm

First attempt with bit, found not enough water was escaping through the bit when
valve was shut, (photo17, appendices 2) this resulted in the drilling mud up-hole
velocity being insufficient to clear the hole.

Drilled 6 holes into bit (see photo 18, appendices 2) — problem was resolved —
however mud pump was found leaking by end of days drilling, potentially due to
having to deal with excess pressure caused by the bit.

Rotary action using this bit was found to be very successful.

At 4.65m a gravely bottom was causing problems in drill’s progress, by 4.80m no

progress was being made.
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Casing was put down and had an immediate affect of speeding up drilling again.

In hindsight the gravel at the bottom of the hole was probably the result of running
sand falling continually into the hole, being sieved by the jet to leave only the larger
particles at the bottom of the hole; once the casing was emplaced the sand no longer
fell into the hole allowing the drill to continue its downward progress.

On recovery of drill bit — the drill dart had sheared off and the valve had been wedged
open (see photo 20, appendices 2). Do not know how much this had influenced drills
progress, - leads to new recommendations concerning drill bit design.

Meant sludging could not be attempted with this bit.

Borehole completed at 5.70m in 76minutes.

Borehole Log 4 — Sludging using cross chisel bit

Dug a pit 0.5m-0.5m-0.3m to store water and ensure borehole was continually filled
with water.

The drilling table was very useful to keep drill pipe straight and to restrict its
movement so that it moved only vertically. By controlling the drill pipes movement
this conserved the energy of the drillers.

Using 1.5m length pipes would have been more convenient to use than 3m length
pipes. This was because the operator needed to keep his hand on top of the pipe to act
as a valve throughout drilling and shorter length pipes would have made this job
easier. Shorter length pipes would also be easier to keep filled with water- it was
found very difficult to create suction and pull water up pipe when the pipe was empty
of water.

The ladder worked sufficiently well as a platform for operator who was hand sludging
(see photo 12, appendices 2).

The lever worked very well — using a swivel clamp to attach the drill pipe to the lever
also worked adequately and was easy to attach, detach and move up the pipe. The

clamp did restrict rotary action however.

On recovery of the bit, three out of the 4 orifices of the bit were clogged up — two
with mud and one with a pebble and mud.
Recommend a new shaped bit where the cross chisel does not continue beyond the

drill pipe entrance — this should help avoid such blockages.
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End hole was not rounded but grooved leaving a varied diameter hole. The variation
in diameter meant that effort was wasted during drilling, as the size of casing that
could fit into the hole was the size of the smallest diameter. — recommend using rotary

action to avoid this variable diameter in future.

Borehole Log 5 —Sludging using the open pronged bit

Dug a pit 0.5m-0.5m-0.3m to store water and ensure that the borehole was continually
filled with water.

There was a need for operators to remain vigilant to keep adjusting the clamp
attaching the lever to the drill pipe. If this was not done then there was a danger of the

drill pipe entering the hole at an angle.

Large lumps of clay caused problems with the hand valve; they interrupted the suction
action by getting caught between the hand and the pipe.

Having a leather valve would be an advantage as it would save the operators hand
from the discomfort caused by the suction force and would enable the man to be free

to carry out a different role.

Friction was encountered when moving the drill pipe up and down over the last meter
of drilling. On removal of the drill pipe it was found that the bit had sheared off the
pipe and the pipe showed signs of damage along one side for about a metre up from
the bit.

It was determined that the bit may not having been fastened on properly to the pipe.
The detached drill bit may have been the cause of the friction on the pipe.

The loss of the drill bit and the friction on the pipe undoubtedly altered the rate of
drilling.

Borehole Log 6 — augured hole

This was the easiest of the techniques to set up.

Two operators were used to turn the handle of the auger.
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The initial meter and a half was very easily drilled. Water was added to aid in the
drilling.

Found that the auger attaching rods were quite weak and 3 pipes were bent during the
drilling — the deeper the auger, the more easy the attaching rods could be deformed
(see photo 14, appendices 2).

It was difficult to remove the auger from the hole at times — The tripod was used to
assist and fell down because the pulling force was greater than the tripod’s stability.
To resolve this problem the rope was pulled down at a 50 degree angle from the
horizontal using the roller and the tripod was pegged down.

By turning the auger a little in the non digging direction before removing it helped
also in its retrieval.

On encountering a more sandy soil at 4.00m the bit was changed to the sand auger bit

— this worked effectively.

Diameter of hole was found to be 100mm

EOH — 4.15m deep dug in 62 minutes.
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Table 6: Time drilled compared with depth

Appendix 5: Borehole log data
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43

3.5
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2.5
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3.15
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Hole Diameter

120mm

71mm

110mm

80mm

75mm

100mm
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Table 7: Time compared to material removed (m?)
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Diameter

120mm

71mm
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Table 8: Laboratory results for borehole samples showing overall textural composition of soil

Sieve Size Sample Depth
1.0m 1.5m 2.0m 2.5m 3.0m 3.5m 4.0m 4.5m 5.0m 5.5m 6.0m
2mm -0.08 0.04 -0.04 -0.06 -0.04 0.14 6.06 15.34 11.38 242 3.16
1.18mm 0.48 0.16 0.58 0.14 0.96 1.42 29 13.8 12.5 41 5.96
600N 1.16 0.3 0.52 0.22 1.54 3.46 5.06 15.16 13.28 13.64 14,24
4251 1.16 0.44 0.34 0.26 1.34 3.26 49 9.02 11.14 29.3 24.96
300n 1.82 0.66 0.44 0.5 2.36 5.12 7.88 10.3 14.28 425 41.28
212N 2.32 0.96 0.52 0.78 3.56 6.62 9.54 8.34 8.48 7.48 842
150N 1.6 0.62 0.42 0.74 2.82 476 5.4 36 3.04 0.44 1.04
631 164 1 0.72 1.52 2.98 428 3.96 2.32 2.44 0.1 0.16
20N 26.5 21.13 17.69 16.464 10 6.74 5 1.22 2.55 0.14 0.32
211 (silt) 26 26 27 25 19 16 26 8 B trace trace
<211 (clay) 34 46 49 52 53 46 21 12 12 trace trace
moisture content 3.02 2.77 2.81 2.43 2.48 2.2 1.48 0.9 0.91 0.22 0.28
Total 99.62 100 100  99.994 100 100 99.18 100 100 100.34 99.82
(please note an error for the 4.0m sample. The 201 & 2 results are the wrong way round)
Table 9: Bouyoucos test results
4min readi 4min temp  4min comrection |2hr reading  2hrtemp  2hr correction % of clay % of silt Tin
1|29g 23 30g 16g 23 17g 34 26 1732
1.5|35g 23 369 22g 23 2% 46 26 134
2|37g 23 38g 23.5¢ 23 24.5g 49 27 1620
2.5/37.5g 23 38.59 25g 23 269 52 25 182
3|35g 23 369 25.5¢g 23 26.5g 53 19 1650
3.5(30g 23 31g 22g 23 23g 46 16 1714
4|12g 23 13g 9.5g 23 10.5g 21 5 1681
4.5|9q 23 10g 59 23 6g 12 8 702
5/9g 23 10g 5qg 23 6g 12 8 442
5.5|fraction 23 fraction fraction 23 fraction fraction  fraction
6|fraction 23 fraction fraction 23 fraction fraction  fraction

Cranfield University
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Figure 12: Drill log samples classified using the ISSS soil textural classification
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Appendix 6: Drill Bit Designs

The Cross Chisel Bit

[T
: T 1.5m length of 50mm
- 2o ) diameter pipe
External Socket connection
T 300mm to the stabiisers - (zee
' diagram 2)
10
g
g
-
T L
L ¥
25,4
f
—f /s

P

Design 1: Cross chisel bit
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Stabiizers

50,

42

5000

2 Gimen

h3

25 mm

50

Design 2: Drill Stabiliser
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Design 3: Dart valve bit
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Appendix 7: CWS drilling week information

Table 10: Percussion Drilling log

Day Time drilling remarks

22.05.06 14:30:00 - starting depth O m
14:54:00 - rig came on site

15:30:00 - spudding with clay-cutter started with regular adding of water
facilitating loosening of soil

15:48:00 - debriefing
- ending depth 0.5 m
- spudding left in, but no casing

23.05.06 - starting depth 0.5 m

- Upon reaching depth of 1m using the clay cultter, first 10” casing
pounded in to 1m. Problems getting casing vertical due to width of hole
(went vertical due to gravity later)

12:40:00 - Having cut to depth of 2.5m, second casing attached and knocked in
14:40:00 - second casing continues to be knocked in
- drilling starts again just beyond 3m. Second casng were pushed down
up to 3m

16:30:00 - drilling starts again beyond about 4m

- three 6" casings were pushed down to 4.5m. Two were put straight
down, third one leaft part of 0.3 m outside above ground level

- three 6" cases (& two 10" cases)

- ending depth 4.1m and end of clay layer was reached

24.05.06 09:24:00 - starting depth 4.1m, top of sand layer
- bailer is in operation

- cemented sandstone was hit at 7m

- seven 6" cases (& two 10" cases)
17:00:00 - ending depth 9m

25.05.06 09:30:00 - starting depth 7m

- 2m drilling depth lost due to running sand from the sides of the
formation

- 12.5m band of cemented sandstone hit

- nine 6" cases (& two 10" cases)

17:57:00 - ending depth 12.6m

- Borehole filled with water to stabilise sand preventing overnight sand
ingress

26.05.06 09:30:00 - starting depth 12.6m

- No depth reduction over night due to pressure head of water column
and possible stable rock layer

- got through cemented sandstone at 13m depth

- Full depth of 14m achieved

- VC pipe 14m length inserted into borehole with 3m screen above 1m
sump surrounded by geo-textile

- casing removed
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16:15:00

- 0-2.6m bentonite
- 2.6-7m sand as stabiliser
- 7-14m gravel pack

- Gravel pack poured in. Depth to gravel pack was expected/designed
to be 10m. Measurement of actual depth to gravel pack was 7m. This
inconsistency probably due to poor measurement of gravel poured in
(using half bags left over from rotary hole) but more worryingly may be
due to ingress of sand as casing removed

Table 11: Rotary Mud Drilling Log

Day time sample depth drilling remarks
22.05.2006 - suction pit size 0.8 x 0.8 x 0.6 m
(depth/length/width)
- settling pit size 0.8 x 0.7 x 0.6 m
23.05.2006 |09:30 - water viscosity measurement using marsh
funnel 27s/I
09:45 - drilling started
10:16 - first 1.5 m drilling pipe was added
10:23 - sample of cuttings taken
10:39 - drill pipes removed
10:56 - drilling stopped due to change in flow. Drill
head found to be blocked at 3m. Strainer
blocked due to bad polymer mixing and
grass
- drilling recommenced and water added to
settling pit
11:02 - fourth length of drilling pipe added and
cutting sample taken
11:07 - transition to sand at depth of 4.5m
11:15 - three quarts of polymer added
11:30 - cutting sample taken at depth of 5m
11:37 - water added to pit
11:46 - two quarts of polymer added
- fifth length of drilling pipe added
11:57 - cutting sample taken at depth of 7.5m
12:03 - sixth length of drilling pipe added and
stone layer hit
12:11 - very hard cemented sandstone layer at an
approximate depth of 9m and water added
to the pit
- drilling ceased at 9m
24.05.2006 |09:30 - drilling depth at start 9m
- between 10-11m cemented sand hit
- reemer tool was installed to break through
sandstone layer
- 12-13m again cemented sand layer was
hit
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- spring was used to put extra pressure on
the drill bit

- drilling depth at the end 14m

- sump put on screen and geotextile was

imposed. Sump, screen and PVC pipe case
(three times 3 m lengths) were connected

- connected sump, screen and casing was
lowered into the borehole. Rope as break

- at 10m depth casing seized due to
sandstone layer

- casing was removed

14:10 - cone shaped sump was built, fixed with
cable tyres and heated
- geotextile imposed on casing after sump
had been connected
- gravel pack was filled from 14-10m
- sand filled from 10-3.6m
- bentonite filled from 3.6-groundlevel
15:00 - 7.5 bags of bentonite used
- bucket put on casing against
contamination and to prevent accident
25.05.2006 |09:30 - rig undone
- trench and pits filled
26.05.2006 - well development, fines getting mobilised

through washing action through the screen.
Well development needs to be long
engough to prevent pumping sand

- fines flushed out

Tables courtesy of Zeug (2006)
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