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. PREFACE

The purpose of this book is to review the methods for well

drilling and digging which can be done with local material and by

" local people. The book is intended for engiﬁeers., agronomists,
health experts, etc..who may wish to help people obtain a better 4
water supply. The book is not for highly sophisticated ‘societies
nor for those inter;ested in the normal, capital-intensive'techniqu°5'
of well drilling. The aim of the book is not- 10 provide formulae and
detailed mstructmns for specific conditions but to provide 1cfeas some
of which may be useful in a specific location :\Jhe emphasis is on
using and building on resources which are available rather théan on
importing technologies. ST : .
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1. - INTRODUCTION

The need for water is common to all living things. Man's health
and well-being depend upon an adequate water supply to fulfil his bodily
needs, to make hygiene possible and to produce the food he eats. Where
water 1s 1nadequate, life is a siruggle [or existence? .

Fresh wate® occurs naturally on the earth's surface i® springs,
streams, rivers and lakes. However, these sources of water are not
uniformly distributed. Moreover, they may be intermittent and it would
severely limit the locations wht_re man could live if he had tb depend solely
on surface water. T his constraint spurred man to learn how to sink wells .
to exploit underground water thousands of years ago. The ability to create
a water supply which is dependable, clean “and in a desired*location is a
skill which should be ranked second to none in the development of mankmd.
The social and strategic importance of wells can be learned from many °
historic accounts. L T

Fl

’ In addition to supplying man's own needs and those of the animals
he raises, water from wells may be used to irrigate the crops whjeh produce
his food. Sometimes irrigation is the solefalource of water for plants. In
other cases irrigation water may be'used only to start plantsiin seedbeds, so
that they may make maximum use of natural rainfall when it becomes available.
In still other cases, irrigation may be used only to supplemerit rainfall when
1t becomes insufficient. In the last two cases, relatively stall quantities of
water can lead to big increases in yields. Irrlgauon may alsp make it
possible to have fresh fruits and vegetables in the'diet when they would
otherwise be unavailable. :

While very sophisticated and expensive well drilling équipment has
been developed, especially in response to demands of the petroleum industry,
an amazing variety of simple, low-cost techniques exist. These techniques
tend to be low capital labour intensive, and have been successfully used
under many conditions on self-help well construction projects around the
world. Since in many areas people are under-employed at some time during
the year, their spare time can be used toward the improvement of their own
well-being and toward an increased economic base through irrigation. '
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2. GROUND WATER OCCURRENCE

TN

When precipitation falls (Figure {) it may: (1) be evaporated from the

edrth's surface or from the leaves of plants (evapotranspiration) whose roots have
takén up the moisture from the soil; (ii) flow along or near the surface of thé
earth in watercourses of ever- increasing size until it reaches the ocedan;
(ii1) infiltrate down through the pores or crevices of the earth's mantle either at
the point where it falls or at some distant point to which surface flow has carried
it. Water which evaporates from the earth’s surface or bodies of water is ready
to start the cycle over again as precipitation.

When water is added to dry or unsaturated‘ soil it is held in the voids
between particles by capillary forces. Once the voids are saturated, however,
the water is.free to descend under the effect of gravity. As long as there is
sufficient water to maintain saturation, the water will descend until it is stopped
by some impervious layer, such as rock or highly impervious clay. The water
can then flow laterally through the voids or rock crevices above the barrier. 1f
there are significant differences in surface elevation, the water may flow out
along the impervious layer at some lower point. called a spring. If a hole is made
wertically down into the saturated layer, water will flow into the.hole. 1f the
saturated layer has sufficient interconnected voids, water will flow through it
relatively mapidly. When the saturated layer yields water in economic quantities,
it is called an aguifer -and the hole made into it could be developed into a well.
The lack of resistance to flow thrfough porous material is called permeability.

In general fine grained material such as clay or silt is low in permeability;
sand is of medium permeability, and gravel is most permeable. Fractured rock
varies in per‘meablhty depénding-on the degree. and pattern of fracture The

of voids between the solid particles. - The fraction of the total volume of an

aquifer made up of voids is called potrosity. If the voids are interconttected, - -

aquifers of high porosity also tend to have hlgh permeablhty

m/ “‘L

. /l}ﬂ‘imlmrltonl | :\;M \ o -
| WELL-, 1 l . 1 l / // I. \ ' .
T

URFACE

Fig. 1 ) IHydrologic :::yc'le"
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Sometimes groundwater is trapped under an impervious layer. An-
aquifer thus located is called a confined aquifer. If the inflow area to a confined
.aquifer is higher than the confining.layer where a well penetrates it, the water
wilk be under pressure and will rise in the well to some level above the confining
layer. Such a wellis referred to as antesian. If the water rises to the top of

the well a "flowing well" results. L

_ Obvidusly some locations offer better chances for successful wells than
others, Clues which can be helpful in selécting well locations are (i) locations
and depth to water of existing wells; (ii) existence of ¢prings and/or streams;
(iii) relative locations of i flltratlon areas and rock outcroppings which might
constitute an impervious layer; and (iv) existence of known phreatophytes .

' (plants requiring abundant waterz whose roots frequently extend tq, the water
table). In some areas of uniform geology, such as certain alluvial deposns in
valleys welis can be constructed anywhere with equal sucress,

-

In the absenc e of any clues or data, a test boring.can be carried out by
one of the methods described under small. diameter wells. Such a boring can be
carried out relatively quickly and cheaply and can save considerable time, _money
and frustration in the lorig Tun.

When a well is pumped, the water in it drops to some 1evel below the
static level (Figure 2). The water surface in the aquifer then forms a "cone of
depression" as it slopes from the static level at some fairly large radius, R, to
the well whose radius is r. If the well completely penetrates. the aquer with
the static height of water being H and the height of water during punpmg, h, then
theorencal considerations g1ve

WK(H -h) -n-K(H+h)(H 'h)

Q- - log, (R/m)

log (R/r) Py

where: Q

il

yield or rate of pumping (e g. m3/hr,. *
titres/sec, etc.)
permeablhty of the aquer

»

(o — — ——— — —

"CONE OF DEPRESSION"
{ FREE WATER SURFICE
DURING PUMPING )

i
I

' j[ — WATER LEVEL IN WELL
)| ourine PuMPING .

| - unconFINED AQUIFIER
_v"' PERMEABILITY =K

Fig.

Ty \\\\\\\\\\ )

Flow into a well
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(H -h) is known as the "drawdown" of the well, If the drawdown is small

‘compared to H, then the term (H +h) is approximately equal to-2H and the yield,

Q, is apprommately proportional to the product of H times the drawdown. This
shows th f importance of penetrating the aquifer to an adequate depth. By contrast,
the yield] Q, is much less responsive to changes in ‘well diameter, since it is
inversely proportional to the natural log of the ratio, (R/r).

L}

3. . COMPHRISON OF LARGE AND SMALL DIAMETER WELLS ‘ ¢

)

Using the- eipressmn gwen. above, the yield of a hypothetical 15 cm

" diameter well might be compared with that of a 150 cm diameter well, assuming

that the cone of depression extends 25 m beyond the periphery of each well and
that the dépths of penetration are ‘the same. .Under these conditions the large
diameter well will yield approximately 1.6 tinies as much water as the small
diameter well. However,, the volume of matemal excavated in making the larger
well would be 100 times that of the small-well. By contrast, increasing H from
2 m to 3 m while holding the drawdown constant at 0.5 m would make the yield
2.3 times greater for a well of a given diameter. These examples, while over-
simplified, help to point out that increasing depth is frequently a more efficient
way of(increasing the yield of a wéll than is increasingthe didmeter.

In this paper a large diameter well is defined as one which is large

" enough for workers to enter for construction or maintenance., A small diameter -

well, on the other hand, is one which is too small to enter and is constructed

. from the ground surfacte using special tools. Table 1 lists some adva.ntages and .
_dlsadvantages of the two types of wells.

Table 2 compares various m'ethod? for dr‘ilhhg small diameter wells.

"Summing these different drilling techniques with the various methods and

materials availablée for large diameter well construction gives a large total of
options for self-help well projects.. These options are compounded by the |
possibility of combining various techniques and/or materials in a single well.

The final choice will depend on many fact.::';rs-incl_uding_: - :

- the geology of the location - .

I

- materials av'allable and theu" cost
- skﬁ]‘i available and their cost
s,

« _,,“:_. - ,_end e of the wellL

In some cases, the most desirable type of well or construcnon techmque

may be determined only 5fter some trial and error.

In con51der1ng whether to have a large or small diameter well, it is
important to consider algo whether water storage is needed, particularly in the
poorly. per’meable rocks where wells cannot obtain large flows even in, the best |,
conditions. If storage is needed then cost of a surface reservoir or t%gk should
be mcluded in the small well option to compare fan*ly w1‘th the cost of large wells.-
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RELATIVE ADVANTAGES AND DISADVANTAGES

 OF SMALL AND LARGE DIAMETER WELLS

SMALL

LARGE

Equipmeﬁt Required:

{1) Forfﬁonstruction

{2) For Raising Water

(1) Specialized equlpment
such as augers and
bailing buckets re-
quired, :

{2) Specialized equipment

such as pumps or small

diameter well buckets

are necessary. *

(1) Little special-
ized equipment
is absolutely s
necessary..

(2} "Repes and buckets
are frequently
used. i

Cost of Congtruction

Lower, because relatlvely
little materlel is re-
quired.

Higher, because much
more material is
requlred.

Sanitation

Potentially good aspe-

- cially when‘a hand pump
 is used.

\

Poor, since top of
well is open.
and ropes whlch may be

dirty are used in the

well,

Safety

Danger during construc-
ion and use negligible,

'Constructlon.

~Danger
of cave-in may be
eliminated by poper
construction. sanger
of something dropPing
on worker .in well al—
ways possible.

Use: Proper construc—
ticn of top of well °
can minimize danger of

Maximum Number of
People Able to Use the
Well Concurrently

gne

pecple felling in.

Three or Four

Rate of Dlscharge -
Possible

-

welRfcan be made almost
any depth below static
water level, Good pos-
sibility of putting
perforated part of casing
ln material of high
"Bermeability. av =

Pétgtialﬁy better since

Depth to which well
may be excavated be-
low static water level

‘is limited by equip-

ment. Therefore, rate
of discharge is limited

'Skill Required:
{1),Well Construction

(2) Water Raising
* Equipment

=,

{1) somewhat more, since
tools are special and
-work can't be seen.

(2) More, must be able: to
.maintain and repair
punip and/jor small

(1) Somewhat less.

(2) Littde required

"

dia. well buckets.
Reliability: (1) Bxcellent (1) Goed only if cer-
: - tain precautlons
(1) Well S - .are taken in con-
- Q&n structing the

?2}'Watef Raising
’ R
4Ty

Frequently. awproblem
upder village. use
{requires trained
maintenance personnel}

(2)

. bottom of the well.
{2} Goad. ,

*

Abllity to Store Water
For, Hours gf Peak -
Demﬂnd (Of Possible
Importance When the
Permeability of the
"Aquifer is Very Low}.

Negligible. ™.

v ‘\

b

May be increased by
inereasing the dia-
meter and depth of

‘well,

Limitations on When
Well May Be Con~
structed. -

None

Shéuld be done at the
time of year/when the
water level Ys at its

“lowest.

. Buckets -

—

o

-

A
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TABLE 2. A Summary of MeTHoDs FOR DRILLING Smare DraMeTer Wells

.

HINTMIM [QLII}‘HL_.'J'I' RUQUIRL D

OF PIPE, WATERIAL IS5 SCRAPED, ABRADED

o’ CHIPPED‘w MECHANTCAL ACTION,

THROUGH THE AMNULAR SPACE ARDUMD THE
DRILL P1PE, CIRCULATION MAY ALSO RE IH
-~ THE REVERSE DIRECT]DN.

1
MITHOD HOW PENMETRATION 15 ACCOMPLISHTD | _;_ RBLYOvAT OF BATIRTAL TROM UOLL ADVANTAGE SIDTSADVANTAGE S, LIMITAT IONS
1 .
LUTTING LIPS OF & ROTATING AUGER SHAVE AUGER, DCTACHABLL TUBLLAR CXTCWSIOHS, AND ¢ AUGLI MIST BE REROMEL FROM OTHE HOULL WHEN- | LOUIPMERT 15 SIMPLL AHD CAN USUALLY Ot
auccrep | OF CUT MATERIAL L00SC FREM THL DOTTON A HAMULE FOR ROTAT NG, PIVER DT 1S TUIL OF CUTTINGS.  THTS MLEES- | TABRICATIO (R AUAPTLL LOCALLY. [AKNOT
p OF THE MOLE . - EOSTTATES UNCOUFLIWG EATENS ] (S, PENETRATL HARD FORMATIGHS. UNCOUPLING
SORED | EXTLHSTQNG SLOWS WORK AT GRLATER DCPTHS.
i 1 USUALLY CAANQT BL USCYH BEL{W THL WATER
' = : TARLL, : &
. - 1 — e A e e
A PCGINT On THE LOWER EMD OF A STRING 0F 1 URIYE OIHT WHICH WSUALLY ALSD THCLURLS A MATEREAL 15 HOT KEMOMID FRO4 THE ROLL, | FAST F]’iU LIMPLE .
PIPE ALLOWS THE PIPE TO PLHETRATE A5 IT | WELL SCREEW ABOWL IT, SPECIAL DRIVE.PIPL | BUT 15 FORCED OUT LATERALLY AS ML URTYC | SPCCIAL WELL POINTS AIID HEAVY URIVE PIPL
PRIVEN 15 DRIVEH ON THE UFPER ENG. i WITH COUPLINGS, DRIVE CAP, AND L]R'WLH. ) POINT 15 FORCLL THROUGM |T. i HAT NOT RE AYAILABLE LOCALLY. HARD FORMA-
| i - TIONS CARNOT B[ PENLTRATID. LIMITCD To
B l SMALL UIAMITERS, BUT MULTIPLE WELL POINTS
I _i MAY BL COMNLLTEDL T A COMMOH PUMP.
A HIGH VELOCITY STREAM OF WATER COMING- | PIPL EQUIPPED WITH JETTING DRAFTCE(S) AT | THE WATL® USEs $0P ORILLIRG RLTURMY TO FAST. .
OUT OF THE BOTTOM OF A VERTICAL PIPE | LOMER EBD, COUPLINGS, SUITABLE PUMP (MAWD | THL GROUID SUMFACE [iY WAY OF THE Ahll- CANMOT FONETRATU HARG F OBMATI OV,
JErTEp | WASHES ANAY MATERIAL AWEAD OF IT AS T | OR MOTOR POWERED}, FLEXIBLE COMNECT[OW | LAR SPACT AROUND THE JETVING PIP( CAR- VIFFTCULTY [N BRIMGLHG LARGE GRAVLL GF
15 LOWERED, BETWEEN FUMP AHD _PTPE, AHL SUPRLY OF I Ry THG TH£ HATERIAL RLMOWID WITH [T, STONE 7O THE SUPFALE.
LATER. : DETLLIHG EOQUIPHENT TAN BE FABRICATEU
| . LOCALLY, AUT A PUMP ANU A SOURCE OF
i WATER ARE REQUIREL,
| ————
|
THE HOLE 1S KEPT FULL OF WATER. THE HOLLOW ORILL BIT WITH WATER 1MLETS AN A | THE RAISIHG ANG DROPPIG ACTION IN COH- EUUTPMENT CAM BE FABRICATLD LOLALLY OR
h ALTERHATE RALSING AND DROPPIHWG OF A CHECK VALYE, STRIWG OF PIPE, LEYICES IO . JUNCTION WITH THE CHECE WALYL CAUSES PURCHASID. WATER REQUIREL. TRADTIOH-
pyoraizc | STRING OF PIPE EQUIPPED WITH A CUTTING AI0 RAISING AHD OROPPING. A MAN'S HANWU | WATLR 10 BE PUMPED UP THE INSIUL OF THC | ALLY USEG TR SOME APCAS, THUS ULGLRSTOOD
PERCUSST(h | BIT AT THE BOTTOM ALLOMS PENETRATIGH (VER THE TOP OF THE DRILL PIPE MAY B DRILL PIPE CARRYING THL CUTTINGS WITH BY LOCAL WELL DRILLERS. HARD FORMATLOHS
BY A COHBINATION OF MECHANICAL AND SUBSTITUTED FOR THE CHECK VALVE. I, ' CANKQT Bt PENETRATED. OIFFICULTY IR
JHYDRAULTC ACTION, | BRIMGING LARGE GRAVEL OR STONES T0-THE
. p ! smence .
. ; :

A HEAYY CYLINORICAL WEIGRT EQUIPPED WITH | HEAYY URILL BIT, ROPE OR CABLE, DEVICES | YHE PULYCRIZED CUTTINGS ARE MIXLD INTO A | ALL FORMATIONS CAN BE PENETRATED A1 VARY-
caBte | A CUTTIHG €DGE AT THE BOTTOM AND WITH & | TO AID RAISING AND DROPPING. SLURRY WITH WATCR CURING URILL IHG. TG RATES, SOME WATER REQUIRED. COMMER-
oo QOPE 0R CAALE ATTACHED TO THE UPPER EMD THESE ARE REMOVED BSIMG A BAILER, CPALLY BUTLT RIG 15 EXPENSIVE ANG REQUIRES

- perctoroy | 15 ALTERMATELY RAISED AND DROPPED, [M- CONSIDERABLL SKILL TG CPERATE, BUT A SIM-

PACT PULVERIZED MATERIAL AT THE BOTTOM = PLE SET OF TOOLS (AW BE FABRICATED LOCALLY

OF THE HOLE, N AND ADAPTEL TO MAH QR MOTORF POWLR.

A LONG, CYLINDRICAL BUCkET MITH & CHECK BAILER, ROPE, DEVICES TO AID SLURRY OF CUTTINGS AWD WATLR ENTLR THE LU EPMENHT CAN BC FABRICATEDL LOCALLY, FRE-

. VALVE AT THE BOTTOM AMD A ROPE R CABLE | RAISING AMD DROPPING, BAILER AS 1T IS REPEATEDLY DROPPED, QUEMTLY WSED 1M CONJUMCTICH WITH OTHER

ATTACHED TO THE 70P |5 ALTERNATELY, r THESE ARE PREVENTED FROM LEAYING THE METHODS, SUCH AS PERCUSSINN. HARD FORMA-
BAIL RALSED AMD OROPPED IN A ROLE PARTIALLY BUCKET BY THE CHECK VALYE., THE BUCKET TIONS CANHOT BE PENETRATED GY THE BA|LER
o FILLED WITH NATER. PEMETRATION S AC- I5 RATSED TG THE SURFACF FOR EWPTYING. ALCHE .

L COMPLISHED BY A CCMBINATION OF HYDRAULIC .
AND MECHAHICAL ACTION, .
A HOLLOW ORILL BIT WITH EITHER & FLXED DRILL 61T, DRILL PiPE, CIRCULATING WATER OR “MUD" 15 PUMPED GOWN THE HOLLOW | COMMERCIALLY BUILT RIG 1% EXPENSIVE AND
 wvorauirc | CUTTING EDGE OR TOOTHED ROLLERS 1S PUMP, LEVICE FOR ROTATING URILL DRILL STEM TO LUBRICATE THE BIT AND TO RENUIRES CONSIDERABLE SKILL T GRERATE,
. ROTARY ROTATED AT THE BOTTOM CHU OF “A STRING FIPE. . CARRY THE CUTTINGS UP TO THE SURFACE HOWEVER, SMALL ADAPTAT[OMS USTHG E]THER

MAN POWER 0OR SMALL ENGINES HAYE QEEN DE-
YISED, A WATER SUPPLY 1S NECESSARY, IT
I5 DIFFICULT TO DRILL [ LOOSE FORMATIONS,
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FAR SMALIﬁ DIAMETER WELLS ) o

BORED OR AUGERED WELLS

This method of excavation consists of shaving or cutting material from

the bottom of the hole by the rotation of a cylindrical tool with one or more cutting
lips. The process is quite analagous to boring a hole in wood or metal with an -
auger or drill. The excavated earth normally feeds upward and is contained in
~the body of the auger where it remains until the auger is emptied. The auger is
. both rotated and raised and lowered by means of a vertical shaft which extends
upward from the auger to a convenient point above ground level from which it can
be rotated. Rotation is frequently accomplished by human power applied to a
handle attached to the vertical shaft. However, the auger may be driven by other
power sources such as animal or engine power. In this case, the power source
drives a horizontal ring gear. Two projections extending upward from the ring
gear drive a bar known as a "kelly" which lies across a diameter of the ring.

A square section of the auger shaft fits through a square hole at the centre of

the kelly bar which causes the auger shaft to rotate with the kelly bar while
allowing it vertical freedom. -

Each time the auger is filled with excavated material, it must be brought
out of the hole for emptying. In order to accomplish this, the auger shaft must
be divided into sections which can be uncoupled and set aside.

. Several types of earth augers have been used successfully fot boring
wells (Figure 3). The cylindrical bucket auger is a sheet metal cylinder with an
attachment for the auger shaft at the top. The bottom has a helical form with a
single cutting lip. 1t may be hinged and.latched, so that it can be opened for
emptying. The two-bladed auger consists of two cylindrical blades attached to
the auger shaft. The blades are cut and bent at the bottom to form cutting lips.
,This type of auger is frequenily used for boring post holes. ’
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Fig. 3. Earth au'gérs. (a) cylindrical bucket auger; (b) two-bladed
auger; (¢) helical auger; {(d) tubular-auger
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A third type of earth auger (Figure £) has a spiral of helical form. This.
tvpt_ of auger normally has two cutting lips, one of which 1s mounted on the
leading edbe of the helix. 1t is sold commercially for power boring of holes or

for planting trees.

2

"A fourth type of "auger” device (Figures 5 and 0) has been used by the
author 1n sticky or heavy clay soils where conventional augers with cutting lips
did not function well. This consists of a slotted piece of tubing or pipe with the
lower end cut inte a tooth and flared configuration. The upper end was attached
to a conventional auger shaft. This auger is alternately rammed downward and
then rotated. The downward motion causes soil to be forced up inside the auger
where it adheres and the rotation breaks this soil free from the bottom of the
hole. A small’'quantity of water may be maintained at the boitom of the hole for

lubrication.

Most types of augers work well on a widé variety of soils. The type
msed may depend largely on what can be obtained or built locally. When
. ’ selecting or building an auger, several principles should be observed:

-+ the cutting lips or edge should cut a diameter slighily larger
than the body of the auger above them, so that the auger will
not drag on the sides of the hole

- the cutting lips should be angled in 5u<_h a way that only the
cutting edge and not the surface behind 1t comes into contact
' with the surface to be penetrated; this improves penetration
and reduces drag '

Fig. 4 Locally fabricated _'helic:a'l ?uger attached go pipe extension
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Fig. 3 Locally fabricated cvlindrical
“auger" used in sticky soils
Drilling is accomplished by ramming
+ downwards and then twisting. Auger
teeth should be flared outwards to give
clearance between auger and hole.
Smaller tool is for cleaning compacted
soil from the auger. -

Fig. 6 Cylindrical auger with pipe

extension and handle attached.

Tripod is used to support auger during
drilling., -




5
£
£
£
§
£
&

f =

. ok
~ as the height to ddameter ratic of an auger increases, the

straightness of the hole tend®to fncrease (i.e. a tall, small
diameter auger tends to bore a sgraighter hole than a short,
large diameter auger)
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- the body of the auger must be capalile of holding the excavated
material until the auger can be gembved from the hole for
emptying. Finely divided material has.a tendency to flow out
of the auger if openings are tooilarge. When the water table
is reached, augers cannot normallygretain the cuttings and
deepening of the well must be carrigd out by one of the other

methods described. _,&_‘;cf_’

Augers cannot normally penetrate stone. . However, thin lavers or small
pieces of stone can sometimes be pulverized or dislodged and removed by means
of a percussion bit or a spiral auger ("ram horn") made of steel rod in a form
similar to a corkscrew. If the stone can be penetrated or removed, boring can_
be continued. If not, a different process or new location must be tried. :

The necessity of emptying the auger each time it is filled places some
practical limits on the depth of augered holes. Since the sections of the auger
shaft must be uncoupled each time the auger is emptied, the time required for
empiying increases with the depth of the hole. To minimize the number of -
couplings, the'lengths of auger shaft or "extensions" should be made as long
as practical. Frequently, auger shafts are made from lengths of water pipe
which range in length from 6.1 to 6.4 metres (20-21 ft). Extensions (Figures 7
and 8) may be coupled by means of a socket attached to the fop of each one.
bottom of the next extension is inserted into this coupling and held there by a-
through- the socket. Normal threaded pipe couplings do not make satisfactory,
attachments, since they wear under prolongéd use. An overhead structure o
some type is needed tq steady the long extensions and to ensure that they are
maintained vertical during the drilling' operation. It is also convenient to le
the extensions against this structure when they are uncoupled.. The overﬁ‘iga
structure for steadying and guiding the extensions might consist of a tripod | ,
with a crosspiece between two legs (Figures 9 and 10) or of two vertical posts |
set in the ground with a crosspiece befween them. The handle or other devide

in’




Fig. & Coupling for auger
extensions made [rom larger
pipe and welded to the top

- of an extension.

.The succeeding extension is pinned
in place by a 10 mm bolt. During
coupling or uncoupling the bottom
of the coupling is supported by the
notched board. The short length
of rod is inserted to prevent the
extension from being accidentally
dropped dwon the hole,

Fig. 9
Tripod used to support.long-auger extensions during drilling
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Reaming blade for enlarging hole
attached to top of auger
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fer rotating the auger shaft should be designed to mount at any point along
the extensions, so that it can be maintained at a suitable working height
(Figure 11). :

After the approximate well location has been selected, tlie overhead
support can be set up, and the exact location determined by hangmg a plumb line
from the overhead auger guide. A small starting hole for the auger can then be
dug. Tt is important to get the auger starter as close tu Vcrtual as possible.

The deepest hand augered well known to the author is appronmately
33 metres (125 feet). This well was bored by a crew of workers who were paid
by the metre and was bored at a very reasonable cost.. However, under other
economic conditions the practical limit for hand borlng may be 1e55 When
augering becomes too slow, 1t may be more practical to continue with a different
method.

Same earth augers may be equipped with a blade for reaming to the .
desired well diameter (Figure 12). Boring an exploratory hole prior to digging
a large diameter well ma ay also be a good investment where conditicns are
auncertain. .

[

w +
DRIVEN WELLS

: The driven well consists of a pointed perforated pipe or a pipe with a
pointed well screen attached which has been driven into an aquifer. The pipe
with pointed well screen is driven into place in much the same way a nail is.
driven into wood. Normally special pipe with thick walls and specially designed
couplings are used to resist the driving forces. Under suitable conditions this
method can yield a finished well in a very short time. While the well diameter
.1s normally .small and the yield relatively low, a number of driven wells may be
coupled together and pumped with a single pump. Because driven wells are
quick to construct, they may be used: as a temporary source of water and then
be pulled up when no longer needed: Driven well points may be installed and
used for dewatering an excavation during construction. Unlike other well
construction methods, material is merely forced aside and not excavated by
the driving process. This means that little is learned abeut the material
through which the well pipe passes. This kind of well can, however, be used
for exploratory purposes to determine static water level and rate of mf'lcmr
versus drawdown.- Hard formations cannot he penetrated by this process.
Barring impermeable strata the depth to which su¢h a well can be driven
depends on the build-up of frigtion between the well pipe and the material
penetrated and the transmission of the force of the driver down the length of
pipe. Twenty-five 1p thirty metres (80-100 feet) would probably be a maximum.
A driven wgll point might be employed to finish a hole which had been excavated -
down to the ter table by some other 'method such as an auger.

Drlmng is normally accomplished by alternately raising and droppmg a
welght used as a driver (Figure 13). The driver is guided on either the inside
or the outside of the pipe causing it to strike squarely and accurately. If the
driver is designed to strike the upper end of the Elpe a driving cap Is screwed
onto the threads to protect them, Alternatively the driver may, be designed to

strike & clamp made for that purpose around the outside of the pipe. A long,
thin driver which fits inside the pipe-and which strikes a flat surface on the
inside of the well screen point may also be used. This latter technique
eliminates compressive loading on the pipe normally caused by driving and
makes heavy drive pipe unniecessary.
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Fig. 13  Devices for well driving. (a) '.guided on outside of pipe;

(b) guided on inside of pipe;
" (d) driving on inside of point

(c) driving on clamp;
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® ¥ “Well screens for driving must have sufficient strength to withstand the
forces caused by the driver and the abrasion of the.material through which they
pass., One common type (Figure'l4a) consists of a pertorated drive pipe fitted
with a point. The perforated section of the pipe is wrapped with a layer of
brass screen of the desired fineness and the screen is protected from damage
by wrapping it with a layer of perforated brass sheet. Both layers are soldered
to the pipe. Another type of well screen (Figure 14b) is manufactured by
wrapping trapezoidal rod in a spiral around a set of round longitudinal rods’ .
placed in a circular pattern with all intersections welded. This type of screen L
has the advantage of having a high percéntage of open area and a slot shape
which cannot become wedged full of fine sand particles.

(a)

Fig. 14 Drive points and screens. {(a) perforated pipe with
screen; (b) spiral trapezoidal wire

A drive point can be fabricated lbca,Ily from pipe (Figure 15). The
poiht is made by: (i) flattening the end.of the pipe to a gradual taper similar
to the working end of a screwdriver or cold chisel{ (ii) cutting out a 'V"' notch
from the corners of the flattened end to a point at the middle of the pipe near
where the taper starts; (iii) bringing the two resulting points together to a
single point; (iv) weldmg the two sides-of thé point together; and (v} filing
or grinding away any irregularities to yiel a smooth point., If welding equip-~
ment is not available the point can be forge-brazed or welded. A collar should
be welded or riveted above the point to increase the size of the hole to a
diameter slightly greater than that of the pife couplings used. Alternatively,
a point may be forged from solid steel and welded o¥ riveted to the end of pipe.
In this case care should be taken to make a shoulder on the back of the point
which butts against the end of the pipe quite accurately and make the largest -
diameter of the point greater than that of the pipe, couplings to provide
clearance,
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Perforations may be made by drilling holes of the desired screen size
or by making a series of short d1agona1 hacksaw cuts (Figure 15b). In either
case enough strength must be retained in the pipe to permit driving. THhis can

- best be assured, in the case of the saw cuts, by leaving several longitudinal
strips unperforated. If larger perforations are made and covered with
screening of the desired mesh soldered around the pipe, the screening should

. be protected from being slit'or stripped back by: (1) wrapping and scldering
- sheet metal with coarse perforations around it and (ii) having an outside

diameter greater than the outside diameter of the screening either on the

powt or on a collar.dttached to the pnpn below the screen.

_ If driving is attempted usmg or‘dmar‘y plpe and couplings, shearing or

stripping of the pipe threads or breaking of the pipe at the threads will probably

occur. It should be noted that the threads on standard weight pipe cut through

more than half of the wall thickness, thus greatly reducing the strength of the

pipe where it is threaded. Drive pipe and couplings, in addition.to being

heavier than standard pipe, are designed so that the pipe ends butt together

inside the coupling. This results in most of the driving force being transmitted : ’
by the ends of the pipe rather than by the threads. In addition, the couplings \/
are frequently longer than normal couplings with a bore on each end which '

extends back over the non-threaded portions of the pipe to give lateral reinforce-

ment to the weaker threaded ends.

1f drive pipe and couplings are not available several techniques may be
used to improve the strength of ordinary pipe. These may allow ordinary pipe
to be used for driven wells if care is exercised:

i If a $u1table well point is available, driving may be
. done on the inside of the well peoint ‘rather than at
4 the top of the pipe.

ii. If driving must be done near the top of the pipe, it~
should be done on a clamp around the outside of the
pipe rather than on the end of the pipe itself.

iii. Stress on the threads can be decreased by one of . ~
the following:

- runmng a threading die further along the pipes,
so that the pipe ends may be butted together at
the centre pf the couphng, ‘

N

- placing a short collar inside the coupling for
both pipe ends to butt against;

- welding collars to the outside of the pipe which
butt against the ends of the coupling.
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4.3 . JETTED WELLS
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This method makes use of a high velocity stream of water to excavate
' the hole and to carry the excavated material out of the hole. [t therefore =
requires some type .ol pump, eitherrmotor or-hand-powered, of reasonable
. “capacity, as well as a supply of water. 1t is possible to separate the water
" and the excavated material in a settling paol or tank and to reuse the water,
thus minimizing the quantity required. Sinceghis methqd depends on the
. erosive aclion of water, il is obvious l.hCI.L t:AtTEiTEEI._y hcl.l’.d maT.Ei’idlb cannot be
penetrated. However, semi-hard materials may be penetrated by a combination
’ ) q of hydraulic and percussion effects. This is accomplished by raising.and
' dropping a chisel-edged Jettmgq:utra Coarse materials-such as gravel require
a greater water velocnty to move them vertically out of the hole than do finer
materials. However, vely fine, hard packed materials such as clags Tequire
a high water velomty to dleodge them. Water pressure of 3 ki/cm< (40 psi)
for sand and 7-11%kg/cm2(11-150 psi) for clay or gravel have been recommended.
Under good conditions, drilling progress is very Tast. .

Two basic schemes are used:
4!

(1> Water is pumped down a jetting tube or pipe which is used inside a
temporary or permanent casing (Figure T6a). The excavation of
mategial by the stream of water allows the casing to descend and

5 the excavated material is carried upward out of the well via the

7 annular space between the jetting tube and the casing. Rotating
the casing and cutting teeth dn its bottom edge increases the rate
of descent. If the casing sunk during, the jetting operation is
. temporary, the final casing with screen attached is lowered inside
the temporary casing, which is then ]acked out of the hole.
Alternatively, the permanent casing may be sunk during the jetting
operation. In this case, the&ell'screen.is lowered inside the
casing and the casing is then ]acked up far enough to expose the

» well screen to the aquifer.
(2)  Jetting may be done- by pumping the water down through the casing
itself with the excavated material being carried up through an
annular space around the outside of the asing (Figure 16b). If
jetting is interrupted before the casing is sunk to the full desired
depth, so that'the suspended material settles aroupd it “difficulty
may be expenenced in re-starting the ]et;mg process. When an

open-ended casing is used, a well screen is subsequently .

lowered and the casing rmsed slightly to expose the well screerit

Alternatively.a string of casing with a special self-jetting point

on the end of a well screen may be used. The jetting orifice at

the end of the well scre is closed by a check valve which is

¥ . held against its seat either by buoyancy or by a spring when not

held open by the pressure of the jetting water. In some cases a
-smaller string of pipe passes down through the inside of the,
cading and screen and is screwed into the top of the Jettlng
point. The pipe is used to transmit the jetting water from the
‘pump to the point, without leakage out through the screen. After
the jetting operation, this pipe is unscrewed’and removed. )

i

- An overhead pulley or hoist facilitates ha.m:llmg casing and jetting pipe.
In some cases it may be desirable to drive the casing at intervals as described
in other sections.

T
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(a) using jetting tube;

16 Well jetting.
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HYDRAULIC PERCUSSION (Also Hollow Rod Method)

In this method the hole is kept full of water and a combination of
mechanical and hyvdraulic action do the excavating {(Figure 17). A chisel-edged
cutting bit is attached to the bottom of a string of drill pipe. Thé& hollow bit has
inlet ports a small disiance above its cutting edge. During drilling the drill pipe
1s alternately raised and dropped. Pressurc di¥ to the impact of the cutting bat
in the bottom of the hole and the inertia of the water cause a mixture ol water
and cuttings to enter the inlet ports of the cutting bit. This causes the already
full drill pipe to overflow: A check valve in the|cutting bit prevents the mixture
of water and cuttings from flowing out of the port{s when the drill sterm is raised.
The cuttings may be settled out from the water in a pool or barrel after the
mixture overflows from the drill pipe and the water can then be recycled.
Hydraulic percussion is limited to drilling through relatively fine materials,
since coarse materials will not rise to the surface through the drill pipe. This
method has been used to depths of more than 900 metres (3 000 feet) in alluvial
areas where neither hard formations nor coarse materials were encountered-.

A variation df this method has been traditionally used in various parts of |
Asia. In the traditional method the check valve is replaced by a hand of one of
the drillers who seals off the top of the’ pipe on the up-stiroke and removes his
hand on the down stroke to allow overflow. In the traditional method the hollqw
drill stem as we‘tl as the casing may be made of bamboo (Figure 18).

L]

Fig. 17 . =~ " Hydraulic-percussion
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Fig. 18 L inch diameter bamboo screen - bamhoo strips
wired to metal rings, then wound with coir rope

PERCUSSION (Also Cable Tool Method) I k

e

-

This method consists of repeatedly raising and dropping a chisel-edged
bit to break loose and pulverize material from the bottom ol the hole. A small
amount of water 1s kept in thé hole, so that the excavated material will be mixed -
with it to form a slurry. Perlodlcally the percussion bit 1s removed, and a
bailer 15 lowered to remove the slurry containing the excavated matemal. The
bailer or bailing bucket consists of a tube with a check valve at the bottom and
a bail for attaching a cable or rope to the top. When it has been raised and
dropped a number of times to fill it with the slurry it is brought to the surface
for emptying. Bailing is repeated until the hole has been adequately cleaned,
at which time drilling is resumed; drilling and bailing are then alternated.

If the hole 1s unstable, casing1s lowered and the driving of casing is alternated
with the other two processes. In loose granular material, such as sand, bailing
alene may be sufficient to remove the material from the bottom cf the hole and
allow the casing to be sunk. A heavy bailer with a cutting edge at its 1owe1- end,
known as a "mud scow" is used for this purpose.

The percussmn method is versatile, allowing all types Qf materials to
be penetrated. However, in very hard stone progress is slow. While this
method is frequently associated with large, motorized truck-mounted equipment,
1t can be successfully scaled down and used with manpower or small engines
(Figures 19 and 20). It may be used in conjunction with other methods when
conditions are encountered such as hard or loose materials which make it more
smtable. :
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Fig. 20 Bailing wéll with manpower

Hand winch is being used to raise the full bailer from .
. the bottom of the well.
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“Fig. 21 Lecally forged percussion dritl
(wetght approximately SO kg) :

Fig. 22, Locally fabricated bailer with
heavy rubb&r check valve
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and 22). A heavy leaf spring from a large truck or bus makes a g&d
edge for a percussion bit (Figure 23). It should not be heated during
unless skills are available for rehardening. The leaf spring can be cut
chisel edge (90-120° included angle) using a high-speed steel hacksaw blade,
The spring steel cutting edge can be fitted into the end of a slender piece of
steel 2-3 metres (6-10 feet) long such as an 'l' beam, two pieces of channel ird
back to back, or a piece of pipe flattened at one end to fit closely around the
spring s‘eel. The spring steel should be welded or riveted in place. If possible,
the upper end of the spring steel piece should butt against a notch cuf into the
supporting bar. This is to lessen the impact during loading on the welding or
rivets during use. All transitions between the spring steel piece and the
supporting bar should be bevelled, so that there are no sharp corners to catch
on the side of the hole either on the upstroke or the downstroke. The cutting
edge should be wider than the widest dimension of the supperting bar, so that
there will be clearance arcund the bar in the drilled hole. The weight of the

bit can be increased by adding material such as by attaching flat iron bars to the
web of the 1 beam or channel or filling the pipe with concrete, possibly using
broken pieces of cast iron as the aggregate. A starting wexght of 50-60 kg
(110-130 1b) might be appropriate for a 10 cm (4 inJ:h) diameter well.

1

F1g 23 Percussmn bits, locally
fabricatéd

- A bailer can be made from a piece of steel pipe or tubing (Figure 24). A
ring for the check valve seat may-be-forged from flat stock to fit securely into the’
lower end of the pipe where it is held in'place by welding, rivets, ot bolts. The
valve consists of a disk of heavy rubber remforced by & piece of flat metal and
attached to the valve seat at one edge. RN '

Both the bailer and the percussion bit should have a rather large bail or
loop fixed at the upper end for attaching a rope or cable. The large size facilitates
"fishing" or retrieval of the tool in the event that the rope or cable breaks or '
becomes detached.

L
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HYDRAULIC ROTARY

\, This method employs a drilling bit at the bottom of a stem of rotating drll
pipe, Cuttings are removed by pumping water or a mixture of water and various
clays down through the drill stem. This "mud™ enirains the cuttings and carries
them up through the annular space between the drill pipe and the wall of the hole.
" When they reach ground level, the cuttings can be settled out in a small pond and
the "mud™ recirculated. If the reverse flow path is used ("'mud" pumped to the
surface through the hollow drill pipe) the system is called reverse rotary. The
reverse rotary system allows larger particles of cuttings to be brought to the
surface, because the upward flow velocity inside the pipe is greater than that
through the annular space, due to the smaller flow crogs section inside the pipe. |

A’second function of the drilling "mud" is to seal and stabilize the walls
of the hole to prevent collapse and excessive loss of the fluid being circulated.
This sealing of the walls, however, can greatly reduce or prevent the inflow of
water to the well unless proper steps are taken to "develop” the well.

Two types of drilling bits are normally used: (1) a "fish tail" with two
stanonary blades for use in soft materials and (ii) a rotary bit with three or more
gear-like rollers which roll around on hard material to crush and pulverize it.

Hydraulic rotary dr‘lllmg is normally done with large engine- po\vered

equipment. This method is used almpst excluswe]v in oil well drilling and is
. also commonly used in water well drilling-where wells are deep and much solid

rock must be penetrated :
i "There are at least two exceptions to the large-scale equipment normally
used for this method. The first is a system based on a small, hand-held,
vertical shaft, air-cooledengine. A gear reduction unit Lntegral with the
engine has an output shaft which rotates ‘at approximately 60 rpm. Drill pipe
of 1Y4 inch nominal size is attached directly to this shaft. A "tee" swivel near
the top of the drill pipe allows water to be pumped down throughr it and return o
the surface via the annular space around it. A fish-tail bit is used for pene-
trating soft materials. For hard materials a core drill is used. Thisis a °
tubular drill of hard, abrasive material which cuts an annular groove and leaves
2 cylinder of uncut material inside the drill. This uncut cylinder can be removed
from the hole by wedging fine lead, shot between the core and the inside of the
core drill and removing it from the hole along with the drill. Alterpatively, a
core extractor with spring steel fingers for gripping the core may be used for
removal, A secdnd small engine is, generally needed to drive a pump for
circulating water.

. L
A second system used in Bangladesh is completely hand operated, and

is based on the reverse rotary system. A string of drill pipe with a.cutting
bit at the bottom is rotated in the hole by hand. A hand suction pump attached
by means of a swivel to the top of the drill pipe is used to raise"water and
cuttings. Water is supph__gdéto the annular space around thesdrill rod by a
hand pump attached to two temporary drwen wells,

Animal power has also been used o dtare rotary drlllmg eqmpment
& _ : . ,
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CASING AND SCREENS .

"Casing serves two major functions: (i) to support tha sides of the hole
against collapse; and (ii) to exclude contaminated surface water. The screen,
which allows the water to enter the well while preventing entry of the aquifer
materials, may be a perforated section at the lower end of the casing or may be
a separate structure attached to the casing.

Depending on the drilling method used and the materialsﬁpenetrated, the
casing may be sunk as an integral part of the drilling operation, as in the case
of jetting; it may be placed after the hole'is completed; or it may be placed
at some intermediate point, such as when the water table is reached and the sides
of the hole will collapse if*hot supported. .
A number Bf different materials have been used successfully for well
casing. . These include wrought iron pipe or tubing, tubing rolled from sheet
metal, pipe made of plastic such as.polyvinylchloride (PVC) or glass reinforced
plastu: (GRP), asbestos-cement pipe, concrete tile, clay tile, bamboo/coir
casing {made &f bamboo strips attached to steel hoops -and wrapped with coconut
husk fibre cord and burlap), large diameter bamboo stems with*the node
membranes removed and split palm trunks. The type of casing used will be

.determined by (i) what materials are available locally; (ii) what skills are

available locally; (iii) the relative costs of labour and materials; (iv) .the
drilling method being employed; (v) the nature of the geologic formatlon and
(+i) minimum acceptable life of the well.

A particularly noteworr.hy e_xampl.e of low gost, locally manufactured
caSm& is the bamboo and coir casing developed in ndia (Figures 25, 26, 27
and 20), This casing consists of longitudinal strips of split bamboo riveted
to hoops spaced approximately 25 centimetres apart. The assembly is then
wrapped circumferentially with coir (cdconut husk fibre) rope until the entire.
length is covered. On those sections of the casing which penetrate the aquifer
the coir rope serves as a strainer or streen. On the remainder of the casmg
the coir rope may be covered with burlap which is coated with asphalt.
Sections of casing are butted together and are attached by several longi-
tudinal steel ties riveted to the end hoops of the respective sections.

The life af these bamboo/ceir casings is said to be two or three years.
At the end of this time it is necessary to bote anew well and to line it with a
new casing. The use of bamboo/coir casings is an excellent example of mgenulty'
and local labour, and skills Being used to save scarce capital and foreign
exchange.
In Egypt date tree trunks are cut into one or two metre lengths, cleaned
on the outside, split, and hollowed cut. During hand percussion drilling with a

_bailer and an under reaming bit, the two halves are inserted into the hole and

driven to depths of 100 to 200 metrea .

Where galvanized sheet metal is readily available, casings can be made
by rolling strips into tubing with a longitudinal-seam (Figures 29 and 30). In
one case 1 m x 2 m sheets of galvanized steel were split lerigthwise into three:
equal strips. A single 90° bend was made along one edge and a 90° bend plus
a 180° bend was made along the other edge. These were "rolled” by means of a
2 metre long wooden "V" block over which the sheet metal was laid while down-
ward force was being applied to a length of 2 inch diameter pipe placed on top of—
it. By moving the sheet metal from side to-side across the "V" block a .
reasonably round contour could be obtained. The previously bent edges were..

hooked together and bent overto form & sea.m To- accomp lish the final r'oundmg

n




Fig. 25 Coir casing

Split bamboo strips are spaced around steel rings
and the assembly is wrapped with coir cord.

Fig. 26 Coir casing

The coir wrapping serves as the well screen at
the bottom end of the casing. ~
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IF1g. 27 Corr casing
Casing which 15 above the
aqurler s coated with asphalt

and burlap.
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Coir tasing heing lowearot - o

into bored hole
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Fig. -9 btabricating sheet metal casing

(a} edges clamped between angle irons
and bent dith maller

(b) rolling strip with pipe and wooden
"V oblock

(2} hocking edges together to form seam

(d) <¢rmimping seam and rounding casing
with pipe anvil and mallet

il

Fig. 30 Fabricating casing from
galvanized sheet metal
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of the casing the piece of 2 inch pipe was supported on blocks near its ends and
used as an anvil. The casing was slipped over the pipe and a mallet of wood or
other relatively soft mdterial was used to do the finish forming.
The sheet metal casing is normally joined by slipping one end inside
another and then soldering the joint. Short longitudinal strips of sheet metal
lapped across the joint-and soldered onto both lengths of casing can be used to
further strengthen the joint, and are a worthwhile practice. Ends can be made

.to fit together by selective assembly, by lightly crimping one end, or by inten-
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end tg “end.

In the "California Stovepipe''method, two light sheet metal casings are
used, one fitting snugly inside the other. ]omts on the inside casing come at the
m1dp01nt of the outer casing sections and vice versa. The two layers are
assembled and spot welded together as they are sunk, thus creating a laminated
casing which is relatively stiff and resistant to buckling.

Asbestos-~cement soil pipe and concrete or clay tile are frequently made
with bell and spigot joints to allow one end to slip loosely into the adjoining end
for a short distance. When using such pipe or tile as cdsing the bells point
downward to minimize entry of loose material through the loose joint into the
well, The lengths may be lowered into the well singly by means of a set of
hooks attached to a cord. The hooks and cord fit inside the casing and hold onto
the lower end of the casing until it is in place and the hooks are released by
pulling on a second cord. Alternatively, if the string of casing is not too heavy,

".Ihe joints may be wired together as they are assembled oyver the well and the

‘casing lowered from the top end. This téchnique would be limited to relatively -
shallow wells by the weight of the strmg of casing.

Clay, concrete and asbestos cement tiles are relatively fragile and will
break if such operations as percussion drilling or bailing are attempted inside
them. 1f such operations are required for sinking the casing intc the aquifer,
it is necessary that the lowest section of casing be of some more durable

) materlal such as steel tubing or pipe.

Polyvinylchloride (PVC) tubing or pipe is the plastic material most
commonly used as well casing. It is normally much less expensive than steel,

~ lightweight, easy to cut and perforate and insert. Sections are joined by means
‘of painting the ends with a solvent to soften them and then shppmg them into a

coupling where they fuse as the solvent evaporates.

Perforation of casing to allow its use as a well screen can be
accomplished by drilling or by slitting with a hacksaw as was described in
the section on well points. .

A number of techmques have been used to help smk the casing as
drilling progresses;

1. Driving: This technique was discussed earlier in connection
with sinking well points. It can be used normally only with
heavy wrought iron casing using special drive couplings which
allow the casing ends to butt against each other, thus protecting .
the threads from deformation. As pointed out earher driving
is accomplished by raising and dropping a weight which is
guided either on the inside or thé outside of the casing and
which strikes either on a special driving cap screwed onto |
the end of the casmg or on a clamp argund the outside of the

* 4 Ppipe-
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(c) using weight of drilling crew . ' (d) using a lever and soil sacks
on platform

‘Fig. 31 ' - . Sinking casing




e, 32 Sinking casing
= = B

Two methods are beine used:
g

(a) Workers near casing are
tightening nuts on large screws
attached o nimber anchors
benecath the ground. and to top
of casing.

(b) Note large concrete weights
clamped around casing just
beneath upper ond. A second
set of weights is located just
abave the ground surface,

Fig., 33 Sinking casing

Weight of drillers is being used to
help sink the casing. Workers on

. the ground are rotating the casing
as drilling proceeds.
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ii. Jacking: This technique (Figures 3la and 32) makes use
of timber anchors buried alongside the well and jacks 1o
maintain a downward force on the casing as drilling
continyes.

iii. Weights (Flgures 31b and 32) such as bags of soil or
drums of water may be piled on a support clamped arcund
the pipe. Alternatively, a platform on which the drillers’
stand may be clamped to the casing (Flgur'eq 31lc and 33).

iv. Welghts (Figure 31d) on a lever which applies force to .
the casing. -

| :
4.8  METHODS FOR OBTAINING VERTICAL RECIPRQCATING MOTION

_ A number of well drilling operations require a raising and dropping
motion. These include percussion drilling, bail down, hydraulic percussion

*and driving of casing. Large scale percussion rigs obtain such a moticn by
cable with one fixed end running over a pulley at the end of a pivoted arm
reciprocated by a crank and connecting rod. The closest analogne 1o this in
man-powered equipment, Figures-34, 35and 36, consists of a rope or cable
coming vertically out of the well, running over a pulley, then running parallel
1o the.ground at about shoulder height, and finally arichored to a tree or post.
To obtain the reciprocating motion a crew of 4-6.men line up facing the rope and
alternately pull down and release the rope in unison.

V

Another device successfully used consists of a lever pivoted over a
horizontal axis, Figure 37, with the drilling tools attached to the shorter end
and a crew of several men applpng a reciprocating motion to the longer end.
Weights could be added to the longer end to counterbalance partially the
dr‘lllmg tools if desired. - . :

Fig. &  Pulling on anchored hor&zo"ntql rope to obtain reciprocating motion .

4

=




Fig. 35

Percussion drilling .

Raising and*dropping motion Is obtained
by pulling downson rope.and releasing.




Fig. S0 Tripoed mounted pulley used
e obtain reciprocaning
motion for percussion
drilling and bailing
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Fig. 37 Using lever to obtain reciprocating motion
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There are a number of variations of the spring beam or spring pole -
system, Figures 35, 39 and 40. In Figure 38 the drilling liné is attached to
the end of a horizontal wooden cantilever beam somewhat reminiscent of a diving
board. The stiffness of the beam can be adjusted either by changing the number
of leaves in the spring or by chtanging the position of the support nearest the end
of the beam where the tools are attached. Depending on the“stiffness of the beam,
the elasticity of the rope or other material attaching the tools to the beam, the
mass of the tools, and the nature of the rmaterials being peneirated, the systerp
will have some natural frequency. That is, if the beam is bent and then released,
the system will oscillate at a constant number, of eycles per minute with a
continually decreasing length of stroke until the motion is completely damped out
by frictioh in the system. If on each downstroke a downward, pull is applied,  the
system can be made to oscillate indefinitely with a minimum work input. In
practice, a work crew stands around the line attached to the spring beam and
supplies a downward fQrce at appropriate intervals to keep the system oscillating.

- Alternatively, a separate rope for each can be attached to the beam. Each

worker places his. foot in a loop or stirrup and supplies the necessary motion with
his leg and foot. This method is sometimes referred to as "kicking down a well",
Az the macs of *fanls  dernth of henle and materizs] nenerrared #hanage  the rnatiivs]
PR I.I.I.IC IIH.CI.Zl-D M1OLALILD \.LEPLII Ul HvLlT Al juailci ial l_)‘:ll.l;_l._l._at!:u L.ua.ugc, Lic l!.CI.'.Ul. al
frequency of the system changes. This can be compensated for by adjusting the
stiffness of the beam either'by changing the number of leaves or the unsupported
length. A greater tool mass will decrease the number of oscillations per minute
while a greater beam stiffness will increase them.

~ Slightly less sophisticated, but widely used in North America during the
first half of the 19th century is the spring pole (Figure 39). This is made from
a tree 8-10 m long with a diameter tapering from approximately 206 cm at one end
to 10 cm at the other. The large end.-is anchored to the ground possibly by piling
rocks or logs onit. .It is supported by a fulcrum at approximately one-third of
the length from the lower end. The upper end might be at a height of 2.5-3.0 m.
Stirrup ropes could be atfached to the upper end for oscillating the pole.

In both the case of the spring beam and the spring pole, an overhead pulley -
1s necessary for pulling the tools out of the hole and for bailing. This"pulley
would normally be supported on a separate structure such as a tripod.

Figure 40 shows a Chinese well drilling device which makes use of a
large bow to’obtain the oscillating motion. This general type of device goes back
at least 2 600 years and has been credited with drilling to depths of 1 000 m.
Such wells were used to obtain brine from which salt was made in the interior of
China. The drill line is made of sections of split bamboo which are spliced
together by cutting interlocking notches where ends overlap and banding the
splice together with steel or hemp. Good bamboo has about the same tensile
strength per unit of weight as mild steel. It is obviously not as flexible as rope
or cable, however, and so the large diameter reel shown is used to wind up the
bambod drill line, Some dimensions given for the device pictured in Figure 39 -

‘are: , _
Length of Bow - : _ 12 - 15 m
Diameter of Bow . o . 20-25cm
. Diameter of Steel Cable for Bow String 15 - 16'mm .
Diameter of Reeli = . 4 m (approximately)

A rotating drum or "cathead' driven by an¥ convenient power source is

frequently used in well drilling operations (Figure 41). If a rope is wrapped

loosely around thé rotating drum, it will remain stationary while the drum
rotates. When one end of the.rope is pulled taut, however, friction will cause
the rope to mave with the drum surface and the rope and drum combination can
be used as a windlass. By alternately pulling the rope ‘taur and letting it go



Fig. 38 Spring board for obtaining : Fi'g'. 39 Spring pole for obtaining
reciprocating motion reciprocating motion
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Fig. £0 . Traditional Chinese drilling equipmerit. (a) rig with bow for obtaining recip-
. rocating motion and reel for bamboo drill line; (b) splice in split bamboo drill
line; (c) drilling tools ’_ N .

/ : : -

*




4.9

- 38 - I \

slack, it is possible to Taise and drop a weigaht such as a percussion bit, a §_et
of hydraulic percussion tools, or a bailing bucket. By continually keeping the

. end of the rope taut as it feeds off the drum, the system can also be used to pull

the tools out of the well.
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Fig. 41 - Rotating drum or "cathead".to obtain reciprocatingmotion or for
use as a winch

/ ROPE g

Drilling systems such as augering, jetting and hydraulic percussion make
use of a string of pipe.or tubing to connect the actual drilling tools with the power
input at or above ground level. Whenever tools must be brought up to the ground
surface it is necessary to disconnect the lengths of pipe one by one and to set
them aside. Returning the tools to the bottom of the hole requires a reversal of
this procedure. As'the hole becomes deeper, this process becomes more.time *
copswning and progress is thus slowed. Early percussion drilling was carried -

 out with rigid drill stems made of wooden or steel sections coupled together.

These likewise,had to be coupled and uncoupled every time tools were put ififo ot
taken out of the hole. In present day percussion drilling and bailing, on the

other hand, the tools are normally connected flexibly to the power input by a rope
or cable. This means that the tools may be quickly Yemoved from or returned to
the hole merely by pulling up or letting out the rope/without any disconnecting or™ -
connecting « ' ) : A )

Both manilla rope of 25-40 min (1 -1¥2 inch) diameter and steel rope or
cable of approximately 10 mm (3/8 inch) diametér have been used guccessfully in
self-help well drilling operations. To extend the life of the wire ¢ manilla rope,
the maximum practical pulley diameter should be used. 'Locally m#de ropes with
short or coarse fibres, such as coir (coconut husk fibre) may be #adependable
and short-lived and cause delays and losses far in excess of the
their usa. . = . - : REPUUI SRR

The drill lines of split bamboo successfully used in Asia f r over 25
centuries were mentioned earlier. ' o :

ney saved by

x
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WELL DEVELOPMENT AND FINISHING

The term well development refers to the proces$ of removing the fliner
particles from the aquifer immediately around the well screen in order to make
the aquifer more permeable and thus to decrease the resistance to flow of water
into the well. This means that for a given rate of pumping the drawdown of the -
well and consequently the pumping height will be decreased. In order to develop
a well, it is important that the openings in:the well screen be chosen of the

proper size. This necessitates collecting material taken from the aquifer

during the proZess of drilling. One rule-of-thumb states that the openings should
be of such a size that the smallest 2/3 of the aquifer particles will pass through
them.

Development is accomplished by causing the water to alternately flow into
and out of the well. During inflow some small particles will be carried into the
well through the screen, but other small particles will bridge between particles
too large to pass through the screen. The reversal of flow will dislodge such
particles and give them the opportunity to pass through tht screen during the next
period of inflow. The fine 'material entering the well is ultimdtely removed with
the water. .Removal of the fine material during development, in addition to
increasing the capacity o( the well, saves the pump which is later instalked from
abrasion. . -

. Bailing the well is probably the simplest method of development. Each °
time the bailer is raised and-dropped water surges into and ocut of the well. Fine
material entering the well is trapped inside the bailer and removed from the well.
The amount &f fine.material in the bailer indicates how far thé process of devel-
opment has proceeded. A special type of bailer known as a sand pump has a
piston inside it. This piston is attached to the bailer line in such a way that it
travels upward inside the bajler as the line goes from slack to taut. The motion
of this piston has a strong surging effect on the wéll and helps to draw sand into
the bailer.

: A surge block, which acts as a pision or plunger inside the casing, can be
attached to a string of pipe and made to travel up and down for the purpose of
development. A surge block may consist ¢f two or more wooden disks fastened
together with rubber between them which makes contact with the inside of the
casing. S

\\
Wells may also be developed by pumping water out at a high rate ta
create a large drawdown. Pumping is suddenly stopped and a large quantity of
water which has been accumulated is allowed to run down into the well to reverse
the flow through the aquifer around the screen. Compressed air may also be used
to surge a well during development operations. .
- +

If an aquifer consists of fine particles without much variation in size, it
may not be possible to increase the permeability around the screen adequately by
the development techniques described above. In this case the capacity of the well
can be increased by gravel packing, i.e. by introducing material around the -
screen which has a particle size greater than that found in the aquifer. Use ofa
gravel pack allows larger screen openings to be used, and hence gives greater

percentage of inflow area. It also surrounds the screen with a layer of material

of higher petmeability than the aquifer itself. .

Cne way to introduce the grav;el is ini"tial.ly to sink a temporary casing of
a diameter greater than that of the final casing and screen. The final casing and -
screen are lowered inside the temporary casing and are held concentric by * °

-
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guides while the gravel is introduced inio the annular space between the casings.
The temporary casing can then be jacked out of the hole. Another method is to
drill the hole somewhat larger than the casing down to the water table. The

casing is then lowered and the annular space between the casing and the hole is

filled with gravel. As sinking of the casing into the aquifer proceeds, some of
the gravel descends with thecasing. During development, more of the gravel
descends to occupy the volume left by the sand passing. thr‘ough the screen into
the well. Gravel may also be introduced arougd the screen through several small
hole’s dritled for this purpose around a small circle concentric with the well.

The size and gradatiqn of the gravel used should be such that very little
of the material of the surroufitling aquifer can flow into the voids betweeir the
gravel particles. 1f this happens, the permeability of the gravel pack may be
greatlyireduced. The screen opening size is selected as large as possible
wtthouti allowing any of the gravel pack material to enter the well.

. After the well has been developed it is usually desirable to fill in and seal

" the annular space-between thé outside of the casing and the hole. This operation

known as grouting is carried out to prevent any dirty surface water from flowing
directly into the well and to give the upper end of the casing firm support. A
mixture of portland cement and water mixed to a fairly liquid concistency is the
most commonly used grouting material. A clay-water slurry is sometimes also
used at greater depths where changes-in moisture will not cause shrm‘kmg -and
swellmg of the clay. ] Y :

L3

Where the use of pumping equipment for placing the grout is not practical,
it must be flowed into place by gravity. The annular space between casing and
hole should probably not be less than 5 c¢m (2 tnch). A long, slender rod can also
be used to make sure the grout flows into all voids. The grout should extend from
the surface to a depth of at least 6 m (20 feet) to ensure an adeguate sarfitary seal
between casing and drilled hole.

PROBLEM SOLVING

No endeavour is without problems, but those encountered in the drilling
of small diameter wells may seem more dlfflcult since they generally occur in a

location where they cannot be seen. Consequently, a high degree of "feel" ,
'aeductlon reasoning and-ingenuity must be developed tg diagnase and to aver-

come problems Well drlllers have two cardinal rules concerning problems:.

(1 Prevent problems before they occur rather than trying to remedy -
them after they occur. This requires a great deal of alertness
to sounds, feel, physical condition of tools and cuttings and -
continually trying to anticipate what thmgs could p0551bly 80

“+ 5 ' Wrong.

' (2) In trying to remedy a problem, do not do ahvﬂm:lg quickly or

ill-congidered. which could make the problel‘n more difficult
or impossible to solve. .

In drilling wells, particularly with labcnu‘-mtenstve systems, at least

) three types of problems arise: .,

a. Small tools droppmg into the hole. Any tool smalf enough to it into
the hole and regularly used around the hole will soone¥ or’ later get -
dropped in. To prevent this, all such tools should be tied to some ' 4
stationary object with strong cord. Long slender objects, such as /
’ /
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auger extensions which are regularly coupled and uncoupled,
should have a safetv device, such as a piece of rod slipped
through them to prevent them from sliding down the hole it
dropped accidentally. "Fishing"” techniques for removal of
objects from the hole are discussed later.

Tools stuck 1in the hole. While some cases of stuck tools are
probably inevitable, proper design and maintenance can mihi-
mize the number of cases. The cutting edges of tools should
be made and maintained so that they cut a hole large enough

to allow clearance around the remainder of the equipment.
Tools should be designed with reasonably smooth transitions
in cross-section so that sharp shoulders do not exist which
could become hooked under an irregularity in the hole or
above which excavated particles could be wedged. When tools
do become wedged in the hole, it 15 usually necessary to make
use of some force-multiplying device such as a chain hotst or
automoiive jacks to pull them free. Since the force required
to free the tool can often be considerable (even if only a

small piece of gravel is wedged between the tool and the casing),
equipment should be built to withstand several tons of pull. If
there 1s concern for the rope, cable or a string of pipe
breaking during hard pulling, 1t is usually possible to hook
directly onto the stuck tool with a properly designed hook at
the end of another stronger rope, cable or string of pipe.
Pulling can then proceed on the latter or on both attachments.
The necessity of hooking onto the tops of tools should be kept
in mind when they are designed. For example, bailers.and
percussion bits should be made with largeyj-easy-to- hook
bails.

Commercially made percussion tools inclide a set of "jars™
This is a heavy close fitting pair of links built into the drill
system. S5ince the links can slide within each other, the part
of the drill stem above the jars can be pulled up a short
distance before the drilling bit leaves the bottom of the hole.
This small relative motion and the mass-of the upper drill stem
and line can be used to drive a stuck drill bit upward to free it.
The 1mpact of the jars exerts a greater force than can normally
be obtained by a steady pull 1f the drill bit is stuck above the
bottom of the hole, the jars can also be used to drive downward.
The forerunner ol jars was two or three heavy chain links

" connecting the upper and lower part of the drill stem. These,

however, take a heavy beating on both the upstroke and the down-
stroke and are relatively short- 11ved

’ Toois which become detached:in the ho]e. The occurrence of this

problem can be minimized by continually checking the condition
of the tools and fasteners. However, when a detached or{dropped

-tool must be removed from the hole, the process is referred to as

"fishing". Frequently special tools must be fabricated to
accomphsh this task. This may require both considerable

ingenuity and a good deal of trial and error. An impression black

may be valuable in designing fishing tools. This is a shallow
cylindrical container of a diameter which just fits in the hole,
with an open bottom and the top attachable to a string of pipe or
a bailer. The container is filled with a substance such as soap,
wax or grease hard enough to held its shape, but soft enough to

take an impression. It is carefully lowered onto the object to be |

fished, so that the impression left on the block gives information

£

e




Fig. 42
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on the shape, location and orientation of the object which is \”-\ ;
useful in choosing the tools and strategy te be used in fishing.
An tmpression block can be made of a thick wooden disk with a
strip of sheet metal nailed around the outer edge. The wooden

block can be studded with natls to anchor the impression materal.

Some commonly used lshing tools are shown in Figure 42.
Other tools must be devised to suit a given problem.

()

®

Fishing tools. (a) for retrieving lengths of pipe; (b) sheet
metal cylinder with teeth which bend together to close bottom
for picking up small objects; (c) spear for retrieval of i
broken rope or ¢able with latch for picking up bits or bailers;
(d) 1'hook with guide for attaching supplemental line to stuck .
too - '




‘ disadvantages when compared with small diameter wells, mcludmg

5.2

- bucket into which he is loading the excavated material. Furthemore -after the

"RATIONALE FOR CONSTRUCTION OF LARGE DIAMETER WELLS

‘excavated from a two metre diameter well would be four times that excavated

‘wells are found to have diameters in the range of 1.2 to 1.5 metres (4 to 5 feet).

[
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5. 1LARGE DIAMETER WELLS

¥

As*pointed out in Table 1, largé diameter wells have some inherent

- greater effort and longer c¢onstruction time
- greater safety hazards during and after construction
- difficulty in preventing contamination -
- generally lower rate of'inflow for the effort involved. ' ]
I
There are circumstances, however, which make the construction of large
diameter wells necessary: .

i. inability to obtain or maintain pumps or special buckets
-necessary for small diameter wells

ii. desire to use some type of water raising system requiring
more space than is available in a'small diameter well (e. g
continuous chain and buckets)

iii. desire to improve or repair existing large diameter whlls,

" iv. necessity of storing water where thg aquifer is of
extremely low permeability _-
v. low cost labour is available !

vi. local sl_cills are available.

4
k

DIMENSIONS FOR LARGE DIAMETER WELLS

1 :
_ Large diameter wells are almost invariably circular in horizontal cross-
section. This configuration (i) makes the sides most stable during excavation;
(ii) uses the least lining material for a given cross-sectional area; and (iii)
makes the best use of the compressive strength of masonry linings. One possible
exception might be wells in which horizontal timber cribbing is used as a lining.
In this case, the horizontal cross-section would be rectangular ‘preferably
square.
The inside diameter of ha.nd dug “wells normally ra.nges between one and
two metres. At the lower limit the small size of the excavation tends to impede -+
work, since there must be space for at'least one worker’, his tools and the .-~ ’

water table is reached, a cylindrical caisson is normally lowered m51de the
original shaft, thus reducmg work space even: Me. e o

As the diameter is increased’; ‘Certain practlcal limits are r‘aached :
however, SlWOT excavated material is proportional to’ the square of
the dla.meter € volume of material necessary to line the excavation is/
roughly proportional to the diameter. For example, the volume of materidl

from a one meter diameter well. As a consequence, the vast majority of dug

The larger size allows as many as four large well buckets to be used simultan-
oust if raising pulleys are properly located.

- ! L
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Fig. 43

(a)

(b)

Very large diameter cistern-wells with stairs for descent

to the water surface. (a) with cut stone walls; (b) excavated
into weathered granite '
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Extremely large diameter excavations serving a dual cistern-well function-
do exist (Figure 43). Some have stairs built into the sides allowing people to
descend 1o the water level to dip out water. The stairs are normally used mostly
during construction and maintenance, however. The construction of such
structures could not be recom ded, ept in very special cases, due to the |, |
great effort of construction. Mly inefficient to lower and raise the
entire body weight of the watcer carrier te the ground surface [rom the water
table. Just raising the water is most efficient.

5.3  EXCAVATION

The major goal and challenge of excavation is accuracy, both locational
and dimensional, i.e. the centreline or axis of the excavation must be maintained
as absolutely vertical as possible while maintaining the radius of the excavation
as exactly as possible about the axis. Vertical accuracy is necessaty to prevent
angular and offset errors between successive sections of the lining. Radial
accuracy is necessary, because the excavation acts s the exterior mould for the
lining. Where the radius of the excavation is too small, a thin, weak spot in the
lining will occur. Where the radius is too large, a thick spot, wasteful of

material will occur. .

The [8cation of the axis can be determined easily and accurately at any
time or depth by means’of a plumb line. The line may be attached to a special
gauge stick with a hole near each end which lies along a diameter of the well at
the ground surface and indexes over two steel rods securely driven into the ground
on either side of the well (Figure 44a). If this stick is used to determine the

» centre of the well at the outset, it and the plumb line will serve to define .the well
axis anytime“t is indexed over the two steel locating pegs. If thére is danger of
these pegs being knocked askew during the construction process, they should b
set in concrete. ' . . '

Hand tools, in-local use, are normally adequate for carrying out the ,
excavation. These might include spades, bars, picks and mattocks. , Sometimes
handles are shortened for use in the confined space. The hole is then excavated
somewhat undersize to'the desired depth keeping the bottom reasonably level.
Excavated material is placed in a bucket or baskét by the worker(s) doing the
digging and is raised to the surface by rope.and pulley by other workers who dumpt
it some distance from the well. This-distance should be great enough to prevent
the pile of excavated material’ from becoming an obstacle, and to prevent it from
being washed back into the well by rain. - v

_ After rough excavation, the hole is accurately trimmed to its finished
dimension. This necessitates use of the plumb line. One method consists of ~
accurately driving a pointed metal rod into the centre of the excavation as _
determined by the plumb bob, and then checking the top of the rod with the plumb

.. ...—bab to assure that it is vertical.  The top of the rod should be at least as high as
the highést point to be trimmed. Once placed, the rod can be used as a temporary
axis. A gauge stick can then be used to check the radius of the excavation as -
trimming proceeds. Alternatively, a small scraper or mattock attached to a chain
of correct length pivoted around the axis rod can be used for final trimming.
Another method uses a cross whose legs are just slightly shorter than the desired
diameter of the excavation. This cross is suspended from the plumb line by means
of an eye at its midpoint so that its legs are both in the horizontal plane. Four
vertical grooves are carefully cut in the walls of the excavation to just allow the
‘cross to hang freely. Trimming then.proceeds until the cross has the desired .
clearance at any;position when suspended from the plumb line. The bottom of the
excavation s‘houlzl then be cargfully levelled if a mould is to be placed for lining
the excavation. C , :




LINING THE EXCAVATION-

Lining the eéxcavation serves at least three purp0565°

i, 1t protects the workers agamst cave-in durmg
construction.
11. It stabilizes thé sides of the well preventing sloughing

off and washing:in“of materlal during use, thus extending
the life of the 11 .

--_g___‘ "
. 1ii. It can prevent the entry of surface water and resulting

© contamination where the water is for human consumption.

« Three different systems of lining are in general use (Table :?.) More than
one system may be used in a given well depending’ on the conditions encountered.
Several different types of lining may be used with each system.

System 1 (Table 3, Figure 44) consists of excavating and accurately
trimming one metre of depth. A horizontal annular groove is added near the
bottom 6f the excavation which is then lined, . Another metre of depth is then
excavated, trimmed and grooved which complekely undermines the lining of the
first metre. This lining 1s supported, however, by being keyed into the anunular
groove. Additional support may be obtained by driving-short lengths of reinforc-
ing rod radially outward into the sides of the excavation with ends protruding into
the excavation prior to placing the lining. As soon.as the second-metre has been
prepared, it is likewise lined. Alternate excavating and lining continue downward
until the water table is reached. At this point ancther methed is necessary, since
the presence of water and the usual instability of the saturated material make this
method unworkable. : :
The most common method, of lining is to pour concrete into the annular
. space between the excavation-and a cylindrical mould. Thickness of lining varies
from 5 to 15 cm with dimensions about midway between the two extremes being
most_common. In general, the thinner the lining the more skill and care required
to get an adequate result. Prior to pouring, it-is important that the mould be
levelled and carefully centered using the plumb line. The mould is designed so
that it can be collapsed or disassembled for removal after the lining has gained
sufficient strength. After the first metre, the depth of each subsequent
excavatign is made between five and ten centimetres greater than the height of the
mould. This leaves a space between the top of the mould .and the bottom of the
previously cast lining through which concrete can be placed béhind the mould.
This space must subsequently.be trowelled full of concrete. While one metre per . .
day could theoretically be excavated and lined, this is difficult m achieve -
con51stent1y, especially at greater depths . :
It is important,.that there be cont1nu1ty between successive pourmgs This
can be ensured by driving lengths of reinforcing rod vertically downward into the
bottom of the excavation around its periphery where the lining will be placed.
When the lining is poured the upper halves of the rods become part of it. The
lower halves of the rods are exposed during the subsequent excavation and becéme
part of the next section ef lmmg THese rods provide gontipuity between adjacent ~
sections of lining.

I

Where moulds are unavallable a fairly fine mesh of vertical and annular
reinforcing rod can be set up around” the periphery of the trimmed excavation.
.Concrete mortar is then trowelled into the reinforcing mesh and smoothed without
the aid of a mould. This method requires more man-hours, more skill and more
reinforcing rod than the previous method; however, a good mason can achieve a
" satisfactory result
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An alternative method uses brick or stone as a lining materigl. It is
necessary to pour a reinforced concrete sill or ring-at the bottom of each level of
excavation on which to lay the brick or stone lining. This ring must extend well
into an annular groove around the bottom of the excavation, so that it will support
the hmng above it dfter it is undermmed

This method minimizes the quantity of concrete, remforcmg rod and mould’
needed, but it increases the man-hours and skill requlred It is also difficult 1o
seal out surface water with this kind of lining.

Some efforts are being made to manufacture fibreglass Kalf rings which

" can be easily installed instead of using concrete. So far the fibreglass appears
to be rather costly and certainly requires sophisticated manufacturing techniques -
not often available where self-help wells are needed. -
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— — 1

Seneral himnanons
and capabibities of
lechn‘t{ue

Tvpe of liming

A, Rewmiorced cong rele
vastan place

{8, Concrere trowelisd

i Femd s ng rod
gl

Ly

V.o ek or snane on
PRSIITSY S U LT T
auvhered mte sides
wb ey davaton

s

Applicable above

‘warer wable vnly,

sing e absence of
water and stabiliy
of akcavatpn . °
are required,
Must be used
COMJURSHION wilth
watison meched
below 10 fimish
‘rell:.

Depth
virtually
unlumited .

b Descriprien

COncrets 15 cast o annubar
spave lormed between sides
ef vacavanon amd sallapsible
mculd |

P
A redasonably Bine grud ol
verucal and annulgr
retnlorcing col osplacad
arcund agrsude the
ercavalon. Vonrere
MAElar o Irpwellad ine
ard and smeethed without
5 mouht.

T

An onmular remnforced
Cwnvrele Fing 1s poursd
A1 bottam of excavalien,
T hi= ring 1= keved intg
4 groove ardund oulside
vl edcavation and soupp-
arvs masanry hining
lavd 20 1.

R2yuiremetils

v ollapsible mould, ren-
Torcaing rod, conceele,
Annvlar groove 13 cul
around cutside &f excav-
ation Lo FuppaTt liniog when
i subsequently under
miped for further deepeming.

Rawnfarcing rad, conchete,
skilled' mason. Annvlar ~
gvooves and ‘or rod driven
radially inte sides b excav-
agion maype uscd for

: suppclia'duriflg ungdermimng.

*Small meuld for candrele
ring, remforcing rod,
cencrete, braik or

o 2
stene. LA 3

FTat e o -
T )Y

LN

Advantages

fmooth, sireng, uniform

hning. - Mest common |y used "3 |

method.  High skill nen
wegired . IR

§

Juanuty of concrele
apd reinlorcing rod and
size of meuld mnimized.

Disadvantages

. 1Y
Cost of mauid. ®

More manhidurs, skil! and
reinforeing red requred.

! Concrete wiil probably be

less sirong and dense than
with mould. .

M ore manhours, slower
progress. more skill
requirad . Linung prob-
ably non 8% strong as
monalithic concrete.
Hard 2 exciude surface
water- : ,

/

_SYSTEM

Bre:

EXCAVATE TO WATER TABLE, THEN BUILD LINING UPFWARD

General Linftianons
ond capabihities of
Technique

Tvpe of himng

A. Rewnforced concrets
eB5% 40 place

*

B. HBrick or sione on
CANCrele 1oonng

CE Timber <ribbing or
wiher weod
construcnon

Applicable above
warer table only,
stnce absence of
water and stabihity
of excavation

are TequiTed.
Must be used in

conuncilon with

caisson method
below 10 finsh
well.

Depth
virtually
unlimitad .

b

Dascripusn

Concrete s casr i annular

space belween a mould and
auzavaton, Each pour s
equal 1o height of the mould
and proceeds Mrom bottom
to surface.

Ap annular concrete foonng
12 poured al boltom of
excavatwon and limng 19
lawd on 11

Timbers or logs lawd
herizontally i reclan-
gular excavation (log
catnn' fTashion). Alter.
nnively, verucal peles
with split bamboo wiven
harizantally around
them bosket fashion.

Collafsible mould, rea-

TUopcrete, remforcig rod,

Suitable wood.

required for Tining. Hard

10 exclude suripce waler.
L

2. Requirements Torcing rod, concrete., brick or sione
Munumal lossey of nme and Minimal losses of ume and Mimima) losses of time
materials i well must be materials if well must be and matarmals 1 wil]

3. *advania, abandoned wathour abandoned withour mual be gbandoned with-

) ges completing. Smooth, swrong | complenng. yfdnrity of out compléing. Low
umiferm lihing. High skill concrele and reinlorcing wnitial cost and manhoucs.
. nol Fequired. R rod 15 tnmized.

Unhaed shaft is a safety Unlined shalf1s a safery Unlined shaft 15 a salety
hazard: hazard! hazard!

4. Thsadvantages Coat of mould. More skill and manhours Low life of Living surface

water not excluded .

—F

-

SYSTEM 111:

S INK PRE-FORMED CYLINDRICAL LINING BY

UNDERMINING N
bt

General hmtations
and capabilities of
techmque

Type of limang
.

3

1] ]
A . Precast remforced | B.

Concreie Caisscn

Orick or atone €.
ou remnforced

concrels culting
ring t

.

Prefabricated) D.
aree] caisson

Yeruieal
planks supp-
orted by in-
terior hotri-
- roneal rLRgs

Applicable bath
above and below
the water table,
(Poraua or per-
ferated material
ujed below waler
tahle 1o allow

“antry of water.)

May Be used
reclumvely or

“im con Junction

with the above
methods -

Depth usun.l]or.\ .
bimited by Frictiom
oo siderio 5-10
times the
diametar.

a4

Cryhindyicel caiason has
a cutting edge at bottom.
1t may cénsiar of two or
more sections Taaiensd

Culting ring 13 pracast
and lowered 1o
Caisson i3 Jaid up on
ring. Special blocks

am.

Cylmdrical sieet
with cutting edge
a1 botiom and

necessary Teu-

Flacke are sharp-
ened on lower end
and ars hammered
down individgally

permit sinking-

1. Description together securely or 1t |may be used so that lorcing mibs. . | ax excavating
N may be monolithic, made | reinfarcing red may . procesis.
from guccessive pass through them for
POUCINgs . ., added strength.
Concrete, reinforcing [Concreie, rdinforemmg | Cylindrical sieel | Plank, suppor!
rod, moutds for titerior [ rod, mould for curifig | metal fabrication | rings of steel or
D‘a'\.mi exterier surface. ring, brick of stone. |[means for l]clwer— Taminated woed .
eang far fastanin ing into well. :
2. Requrementa [l ol O ther, 3 P
Means for lowering
« | ©m1830n Fectiond into .
w ell, 1] necessary. i y
Carssons may be poured [Q uantity of concrete | Lighter weight to | Reasonably hght
&t gite. Does not re- and remnforcing rod lower mio well. | pieces 1o lower
. quire high skill or and size of mould Will not crack iF | inte well. Cais-
3. Advantages ‘[) excessive manhours . minimized. serhing occurs. | son will not crack
M aat commonly used - | Sucerasive sec- | if senling occurs.
method . . tiong may be 4
bolied together- . | '
Moulds wnd lowering More manhiurs, more | Probably must be } Planks have ,
- equipment required. akill mmﬁ,dcms- :abri:aled a:ay Vmited life.
. ' 400 MAy CT uriog 'Tom Alle an
4. Disadvaniages settllng W rcmiorclnge ransporied.
rod 18 not-used. . Weight may have
’ to be.added. 10

R WELL =

EHAMI

IR 1 ARC

CONETRUCTION AND LINING ALTERNATIVES

Table 3




Svstem I (Table 3, Figure 25) consists of sinking the excavauon o the
water table without any Liming.  The hing s then bundt from the bottom of the
excavation up to the ground surface by any of the techmques described under
Swvstom 1,

Where potable water 15 not required, timber eribbing 15 occasionally used
1o hine a well, This CONSISLS of horizontal timbers lawl inside @ recrangular shalt
with the ends overlapping, "log- udb!n' fashion. Where umber 18 dlmndant this
makes an ne expensive, Quick 11111ng,, but one of limited hife span.

Another - wood hmng of even more llﬂllttd lile consists ol a amber of
vertical poles roughly outlining the circular evcavation... These are interwove

~with hc.a\f\ spht b.imboo ler‘allul around lrorizontally to form a more or less

contingous lining,

While Svstem 1l is somewhat faster and easier than System I and should
vield a lining with a minimum of discontinuities 1t cannot be recommended due to
the safety hazard inherent in working -at the bottom of an unlined shaft.

Fig. £5 Precast concrete caissons being set into a well excavated
to the water table without lining

System IIl (Table 3) consists-of sinking an open-ended, pre-formed
cylindrical caisson*by means of excavating inside it and under its edges, thus
allowing it to descend under its own weight. This is the only practical system
for excavating below the water table, since the sides of the excavation do not
generally haVve enough strength to support themselves when saturated. For this
reason System 11l is almost invariably used to finish wells which were lined by
either System | or System 1l above the water table. In addition, a well may be
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cnstrucied by the carsson sinking sy stem starting at ground level

V). However) 1n this case, the depth of the well may be himited o

tely ten nimes 115 diameter by the build -up of fetction on the exterior of
n. i a greater depth than this s desived, a second carsson which tele-
itde the first may be used. Conventionally, the part of the carssen which
he water table s @ither perforated or made perous to allow the entry of
the well, The lower edge should be bevelled mwardly o lorm a sharp
2e to minmzo 1S résistance o sinking. I caissons are made ol
onstruction, rewmnforcing raod shoutd be dsed liberally to prevent

vhen handling, during sinking and when 1n place.

{

Well constructed by undermining precast concreté caissons
% - starting at ground surface i,

Lt
Vo — e

: \
1ssons are normally designed so that their height may be aigmented as
sgresses. This helps to keep the size and weight of units which must be
more manageable levels. Height augmentation can be accomiplished by:

using mofglds to pour new concrete sections integrally on
top of theiold. In this case, there should be a continuity :
of vertical reinforcing rod from one section to the next;

- gradyally laying up brick or stone to form a caisson of the -
desired height on top of a reinforced concrete cutting ring;

. adding preformed sections on top of existing sections. gl

case it is extremely important that successive sections be securely
to prevent separation during sinking or when in use.

veral methods have been developed for cormecting precast concrete
ctions (Figure 47):

e bottom caisson section can be cast with three or four long
el rods protruding vertically upward from it. Subsequent
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sections are cast with vertical holes through them, so that they
* . can be slid aover the rods. The rods can be threaded at the upper.
end and nuts used to hold the stack 01 caisson sections together.

(b_2 Three or more’ steel rods, straps or cables extend vertically from
bottom to top along the inside surface of the caisson stack. Each
is equipped with appropriate hooks to fit over the top and bottom
of the stack and wijth & tensioning device 1o hold the stack together

securely.

(© o @

Fig. 47 Maethods for attaching caisson sections. (a) caisison sections
‘with precast holes slid over rods; (b) sections held together
with rods or straps; (c) steel tabs protruding into well;

(d) steel plates anchored into sections - ;

»
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(<) Horizontal steel tahs at three or more locations near the top and
bottom of each caisson section protrude a few centimetres into the
well, The tabs at the top of a caisson section are bolted to
matching tabs at the bottom of the succeeding section thus connecting

~ them, ¥
(d Small steel plates w1th bolt holes are set flush inge the top and
bottom surfaces of caisson sections. These plates are anchoréd ' .

into the caisson by welding them to vertical pieces of reinforcing-
rod prior to pouring the caisson. When the concrete for the casing
is poured, a small amount is omitted around the plate. This allows
a short bolt to be inserted from behind one plate.~.The bolt extends
through the hele of a matching plate in the adjacenf caisson section
and a nut is used to fasten the two sections together. After all the
nuts are tightened the concrete which was omitted arcund the
fastening plates is trowelled into place. .This method has a slight
advantage overithe prewous two, since no fasteners protrude into
the well. .

In addition te masonry caissons, steel, plank and brick caissons are
sometimes used. Steel caissons may require fabrication’ ‘gkillsand equipment not
available near the well site. Plank caissons consist of vertical planks with the
lower ends sharpened and arranged around interior support rings. As excavation
proceeds, the individual planks are hammered downward. The life of a plank
caisson would generally be considerably less than that of a masonry’ casmg,
partlcularly the parts exposed to air from time to time. :

A

The arrangement_for allowing water ta enter the
the caisson (Figure 48) is probably the most crucial fea
frequently its least satisfactory feature. It sometimes
heel” of an otherwise well constructed well.
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Fig. 48 Methods for allawing water inflow through ¢

(a) cast holes in caisson; (b) porous concrete;
(c) 'windows' of perforated stainless steel plate .
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Moulds for well caissons are frequentl}provided with holes through
which pieces of small diameter rod can be insegted. These rods are withdrawn
after the concrete in‘the mould has partially set, leaving holes through the
caisson. wall by which water may enter the well. Unless the aquiler is relatively
coarse, however, such holes tend to be too few and too large in diameter. As a
result fine material in the aquifer may be entrained with the water and carried into
the well. This will necessitate removal of the fine material from the well period-
ically. Gradually lgrge voids may develop in the aquifer outside the casing.
Eventual collapse of these voids may also cause the bottom of the well to collapse
rendering it useless., The inflow holes are sometimes inelined upward going from
outside to inside to impede the entrance of fines. It is questionable how effective
this techniqueis. Fine gravel may be introduced between the outside of the
caisson and the well lining during sinking in an effort to form a gravel pack around ,
the caisson. Such a gravel pack can 1n1prove permeablhty and reduce the quantltv
of fines entering the well.

An alternative is to make the caisson out of porous concrete. This is done
by reducing the, sand from the usual cement-sand-coarse aggregate mixture. A
suggested ratio of cement:sand :coarse aggregate is 1:1:4. Porous concrete
thus made is considerably less dense and strong than normal concrete. lt should,,
therefore, be made with more reinforcing and be handled more carefully than
Lonventlonal concrete. This method does, however, provide a large 1nf11trat1on
area and prevent fine material from entermg the well.

A second alternative consists of makmg ‘windows' in the caisson walls out
of stainless steel plate with reasonably fine perfotations. This can prevent the
entrance of fines, but since the 'windows' make up a rather small percentage of
the caisson area, the tnflow of water may also be limited. .

.
.
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Other systems use an impermeable caisson and rely on water entering from,
the bottom of the well or through well screens sunk vertically into the well bottom
or forced out radially through ports in the caisson. The'se will be described in
more detail later. . '

The caisson is sunk by remowng a uniform layer of material from the
bottom of the well working as closely to the edge of the caisson as: possible. As -
sinking of the caisson proceeds, it must be watched closely to as'sure that it is
remaining vertical. lf one side is sinking léss rapidly than the other, excavation
should be somewhat concentrated at that paint in an attempt to restore the caisson.
to a vertical orientation. If the situation persists a chain ox cable from the ground
surface may be attached to the low side of the ¢aisson and strain put on it with.a
winch or tackle to retard the descent at that pomt.

-

As the caisson is surk below the water tabl-e the inflow of water to the well
begins to impede further excavation. Bailing is then usually. alternated with-digging.
This slows progress greatly, and not infrequently causes the well digging to be
concluded at an inadequate depth. “Censtructing or deepeniing the well at the'time of
the year when the water is at.a minimum level may help to alleviate this problem
somewhat. Where available, motor pumps are sometimes used to keep the well
drained. However, if the well is reasonably deep, centrifugal pumps" may not have
the lift ¢apability required. The practice of putting a motor pump into the well,
where air exchange is poor, is highly dangerbus to anyone in the well] due to- the

1

accumulation of carbon monoxide. The solids entrained in the water cause o

excessive wear in most kinds of pumps. For this reason diaphragm pumps are
commonly used for draining excavations. ) LT _ ..

i
- '

A better solution appears to be the development of methods allowing - .
excavation to be carried out under water. Such methods are not generally u;f—use.
.An exception is the use of conventional power .cranes or drag lines with clai shell |
_or orange peel type buckers.,\ﬁnalagous method s need to be developed for low
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capital, labour intensive pro]ea%. Two possibilities ave proposed: (1) a large,
heavy bailer or mud scow, sumilar to those descrmibed 1in the section on small
diameter wells. This could be actuated by workers at the ground level and
gutded by a worker on scaffolding near the battom of the well: and (1) a smail ..
orange peel or sumilar tvpe of bucket. Like the bailer, this would be raised and
lowered by workers on the ground level and guided by a worker near the bottom
of the well.

The capability of excavatuing below water would allow the caisson to be
‘sunk to the desired depth and would be an impertant asset 1n the construction of
hand dug wells. :

x

EQUIPMENT FOR RAISING AND LOWERING MATERIALS

Since all excavated material must be hoisted up out of the well and all
construction material for lining, caissons, etc. must be lowered into the wedl,
as well as workers being raised and lowered multiple times daily, a safe and
adequate system for doing this must be devised (Figure £49), ~

Fig. 49 ~ Caisson being lowered into well by means of overhead
o pulley and steel cable paid out by jeep winch




)
A minimum requirement is a btrong rope and pulley located quite

accurately over the centre of the well at least shoulder high. It can be suspended
from a tripod such as the one shown in Figure 9'or from a cross beam on vertical
supports. In either case, the legs or vertical supports should be set in concrete
or deeply buried to-ensure stability when hedvy horizontal loads are put on the-
rope passing through the pulley. The pulley support, pulley and rope or cable
used must be capable of supporting the heaviest load encountered which will :
andoubtedly be the catsson sections. A reinforced caisson section one metre high,
130 cm outside diameter, and a wall thickness of 7.5 c¢m would weigh approxim-
ately 500 kg. Sometimes caissons aré made in half metre sections to reduce the
weight. This would require as a mjnimum a manilla hemp rope of 30 mm diameter,
-a'pulley diameter of 20 cm and a cross_ timber of sound, hard wood 25 cm by 25 cm
“in cross section if the distance between supports s 2. S metres. Alternatively, a
steel cable of 12 mm djameter might be used It should be emphasized that these

are minimum dlmensmns .

~ Various hand winches which have hand cranks, gear reduction, cable

drum, ratchets and hand brake can bé purchased for use on wetl construction
pro;ects The reel must be large enough to accommoddate adequate cable to reach
the bottom of the well. These are somewhat expensive, and while convenient,
they are not absolutely necessary. Lowering heavy loads can be ac¢omplished by
wrapping the rope three or four turns around a smooth round post set securely
. into the ground some distance from the well (Figure 50). Enough friction is .

developed between the rope and the post, so that workers holding back"on the free
end of thg rope can lower a heavy weight without difficulty. This post should be
about the height of a man and its top should lean away from the well, so that
there is no tendency for the rope to work off the top of the post. The heaviest
load which must be raised is the weight of one man. This can be raised by 3-5
workers. The free end of the rope should be run around the brake post and kept
taut by an additional worker to eliminate any possibility of the worker being
dropped. The same practice should be followed when raising excavated material
out of the well to protect the werker at the bottom of the well.

[

Lowering a caisson using a brake post
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MOULDS

Commercially manufactured moulds lor well lining-and for caissons are
avaitable. These can give excetlent results with only a modest amount of skill
and a minimum of labour (Figure 31). Such moulds, however, are relatively
expensive and the decision on whether or not te buy them depends on how many
wells are to be constructed, the availability of the necessary ¢capital, available
skills and the cost of labour. Less expensive moulds can be manufactured
locally. These may require slightly more time and skill to obtain a good resulr.
One -such mould 1s shown in Figure 32, 1t consists of a 2 mm thick sheet metal
facing which is tensioned around two wooden rings. This type of mould can be
used for liming wells or for forming the interior surface of caissons. After the
concrete has set, the wooden rings can be collapsed and removed. The sheet
metal can then be removed.

[

Moulds can be made entirely of wood. 1In this case the facing is usually
dnade ol narrow wooden strips running parallel to the axis of curvature. These
facing strips are attached to wooden ribs to make up sections of a cylinder,"
either exterior or interior. These secticns must be joinéd in Such\a way that
they can be easily disassembled for removal. In order to get a gosd surface
finish, a mould must be thoroughly cleaned and oiled before each pouring.

The simplest lowest cost mould is one formed by carefully digging the

. desired shape into the earth and filling it full of concrete. This, however,

requires considerable time and skill to attain dimensional accuracy and good
surface finish. Caissons can be produced by carefully making a cylindrical
excavation to agt as the mould for the external surface. A grid of vertical and
annular reinforecing rod is set up in the mould. Concrete mortar is trowelled
into the reinforcing grid and is then hand smoothed. In this way the need for an
internal meould is eliminated. Some means for attaching to the caissons must be:
provided, so that they can be lowered into, the well,

Precast concrete Cu‘lvert sections can be used as caissons prov1ded a
means is worked out for fastening them securg’],yr‘together.

Fig. 51, Calsson sections made w1th commermally fﬂbrlcated m0u1d

s
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5.7

CONCRETE WORK

Concrete frequently plays an important role in well .construction.
.Good practice may be especially crucial to the success and useful life of large
diameter wells. Many booKs and articles have been written on recommended
practices, so only a few principles and rules of thumb will be mentioned here.

A suitable mix for use on well construction might have an approximate’

volumetric ratio of: i

Water Portland Cement Fine Aggregate Coarse Aggregate
' (sand) (gravel or crushed
’ ' . stone)
3/L 1 24/2 32

Water should be clean and only as much used as is necessary to make it possible
to place the concrete. The smaller the quantity of water the stronger the
concrete. If the sand is damp or wet, less water will be required. Both sand
and gravel should be free of fine material such as silt or clay. I1f necessary,
these fines can be washed out by spreading the aggregate on a screen and
flushing water through it. ' '

Both the sand and the ‘coarse aggregate should have a gradation of size
in their particles. The largest particles of the coarse aggregate should not be
bigger than 1/3 the thickness of the piece being cast. Concrete which has
partially hardened in the sack should not be pulverized and used, since it will
have very low strength,

: If mixing is done by hand it is customary to make a mixing platform of
thin, weak concrete at least 2 metres by 2 metres. The ingredients for one
batch are measured onto this platform, are thoroughly mixed dry, and then the

water is added. .

5.
- When the concrete is placed in inoulds, voids can be eliminated by
running a slender rod up and down repeatedly in the concrete and by tapping
the mould with a hammer.

Concrete should be cured by Keeping it moist for at least seven days
and longer if possible. This will add appreciably to its strength. This can
be done by keeping it covered with damp sand, soil, siraw or burlap.

Concrete is strong in compression, but relatively weak in tension.
The purpose of using steel reinforcing rod is to obtain adequate tensile strength
without having to make the concrete too massive. Where concrete is cast in
place, is very well supported by stable material and does not extend over
large areas, it may not be necessary to reinforce it. However, when concrete
is cast in one location, moved to another, and then has questionahble support
as in the case of caissons, reinforcing is a necessity. Normal practice is to
use two sets.of reinforcing rods at right angles to edch other (e.g. vertical
and annular in caissons). The two sets are bound together by light wire at
intersection points to form a rigid grid. Normal practice in a caisson might
be 6 mm or 8 mm rejnforcing rod on 10-15 cm centres in both directions. -~ Any

dirt or rust should be cleaned from reinforcing rods before use.

t’ ’
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5.8 SAFETY

Caertain dangers are inherent in the construcuon ol large drameter wells.
Every effort should be made to mimimize hazards.

The danger of cave-in can be effectively eliminated by liming each metre
g

of excavation as it is mad

1t -

The first tvpe of accident can be minimized by:

a.

Two other types ol accidents can happen: i

The worker at the bottom of the well being struck b\ a
falling object: either the bucket used for‘ removing
excavated material, a tool or other piece of cquipment,

A worker [alling into the well either when working
around it or when entering 1t.

having a permanent attachment between the bucket and
the rope and always having the [ree end of the rope’
snubbed around the brake post;

having any tools or equipment which must be used near
the edge of the well attached to a securely anchored
cord and keeping the ground around the well [ree of
any debris or excavated materlal; . *
providing the worker in the well with a hard hat.
Needless to say, a worker should never be in the
well when a heavy piece such as a caisson is being
lowered.

Accidents of the second kind can be. avoided By:

d.

keeping the ground around the well €ven and free of
obstacles;

keeping the free end of the rope secured at the brake
post, so that it can be grabbed by anyone who loses
his balance;

providing an adequate bosun's chair for the person
entering the well and always keeping the [ree end of
the rope snubbed around the brake post while raisin
or lowering a worker. Locally made ropé may not be
reliable or durable. For this reason, usqe of manilla
hemp rope is recommended as a safety precaution.
Rope should be inspected frequently for damage or
wear. It should also be kept as free of dirt and grit
as possible.

A tope ladder may be used to enter and exit from the well, but this is
quite 1iring for the workér. Particularly in warm climates, the botiom of a well
is a hot, stuffy place to work. After the well has reached a certain dépth,
consideration should be given to ventilating the well. Such devices as large
blacksmith's bellows or hand-powered blowers connected to large diameter

tubing have been used.

»
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“¥% FINISHING LARGE DIAMETER WELLS

(93}

When the water in large diameter wells is drawn downﬂ"considera_.bly !
below its static level the pressure exerted on the material at the bottom of the
well by the water in the well may be appreciably less than the pressure exerted
on it by the water surrounding the well. Under these circumstances a so-called .

"quick"” condition can occur causing the bottom material to heave or fow upward
partially filling the well. This is an indication that the caisson is not

sufficiently permeable and is offering too much resistance to the inflow of
water from the aquifer. i .

If the bottom material which flows in is re‘peatedly removed, a cavity .
can form around the outsidé of the caisson. The collapse of this cawty can -
seriously damage or destroy the well. : : -

-

_ Th1s problem can be remedied by weighting the bottom of the well
either with a disk of porous concrete or with a layer of médium to coarse

~gravel or crushed stone. In either case a thickness or depth of 20-25 ¢m
would probably be sufficient.

A better long range sclution is to find metheds for improving the
porosity of the caisson, thus reducing its resistance to inflow.

s All large diameter wells should have a parapet approximately waist
high. In addition to greatly reducing the risk of children, adults and animals
falling in, it also greatly reduces the amount of debris whlch is blown or

: ku:ked into the well,

&

The type of construction around the top of the well is determined: by
the function of the well, If it is intended for domestic water supply, a circular
platform of impervious concrete should extend out from the well 2-3 metres. .
The platform should slope away from the well. In one case a rim around.the
outside of the platform was designed to collect all spilled water which was
then led to a livestoék watering trough. In any.case, spilled water showld .
be drained away from the well. ' T

If the well is to be used for irrigation, the type of water raising ™ ¥
device will determine what kind of superstructure is needed. If a hand or :
motdr pump is used, the top of the well can be-closed with a precast concrigte
slab, thus eliminating a source of contamination. oo- :

-
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6. HYBRID WELLS

L

' .- _ : .

The difficulty of constructing large diameter wells which adequately
penetrate the aquifer and whick.combine minimal resistance to inflow through the
caisson with structural stability has led to some modifications. Two of these
incorporate well screens of the type found in small diameter wells into large
diameter wells. In both systems an unperforated large diameter caisson is sunk
a certain distance below the water table. In the first system (Figures 53 and 54)
one or more well casings with well screen are sunk vertically into the aquifer
below the large diameter caisson by one of the methods described for small
diameter wells. Since it is usually feasible to sink the casing to any desired .

. depth, the possibility for placing the well screen in highly permeable material

is good. The combination of increased depth and permeability can result.in.a
well with increased ¥ield. $ince inflow is through the vertical pipe(s) the 7
bottdm of the well can be stafbi,}ized with a layer of concrete. ' .t
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Fig. 53 Large diameter well with vertical casing and screen .
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[Fig. 32

“Sinking a casing and well screen
into the bottom of a large diameter
-well to increase inflow

The second system (Figure 33), sometimes called a collector well, uses
well screens which extend out horizontally and radially through the watll of the
carsson. These screens are similar to large drive points and are forced out into
the aquifer through precast ports in the caisson by means of jacks.

-

»

Fig. 55 . Large diameter well with radfal well points
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7. ©  NON-VERTICAL WELLS

The infiltration gallery is a horizontal chamber constructed below the
water table. It is used where large inflow area is needed due to low permeability.
It is constructed by excavating a large trench. This trench is lined with gravel
and a row of precast concrete cylinders is laid along the axis of the trench to
form the gallery. Joints are left open enough to permit the entry of water. The
gravel pack is completéd around the gallery and the trench is backfilled.
Provision is made to pump water from the gallery. Where it is desired to purify
unclean or silt-laden stream or river water an infiltration gallery can be
constructed parallel to and a short distance from the stream.

W

+

Ghanats (also Kanats, Quanats, etc) are slightly inclined tunnels the upper end
of which intersects the water table usually in alluvial material at'the base of a
mountain or foothill. Water flows along the floor of the tunnel until it intersects
the ground surface at some location of lower elevation. Vertical shafts extend
from the ceiling of the tunnel to the ground surfce. These serve the dual
purpose during constructlon of providing ventilation and as an exit for the _

- excavated material. Ghanats have been constructed in the Middle East for the
past 2 500 years. They may be several kilometres long and have been used both
for irrigation and municipal water supply. Many are still in use in certain
regions of lran (Photo, page 78).

'GHAN%T - e

VERTICAL SHAFTS
{ VENTILATION & REMOQVAL
OF EXCAVATED MATERIAL )

*# . EXCAVATED MATERIAL

OUTFLOW -AREA Mﬂ"—"’-‘i—ﬂ =

: Ghanat
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8. HEALTH ASPECTS

Health aspects need to be considered during all phases of the well L.
construction and operation. Such considerations include:

Avoiding areas of poor water quality

Shallow wells penetrate only the upper part of the gréundwater body -
. which characteristically is of the poorest quality. A check should be made on
- other wells in the area since this will give a good indication of the quality that -

" can be expected in the new wéPl. If a high salt content is suspected, a water
sample from the new well should be sent to a laboratory to determine its usability
for drinking. Deepening of such wells can sometimes improve quality. The
deepening can be done with a small diameter tubewell in some cases or by using
a reduced size concrete wall,

Proper location of the well to avoid contamination

ol

A simple survey of pa%t activity in the area will assist in well location.
A well should not be constructed in a contaminated area. As a general rule a
well for drinking should not be located within 50 metres of any contaminated
areas such as livestock pens, old washing areas, sanitation facilities or héavily
contaminated streams or channels. Even though such a facility has been removed
from the area, it is possible that contamination will remain in the ground and
continue to enter the groundwater for several years. In addition these types of
facilities should not be built in the area of the completed well,

o

Proper well design to prevent contamination

i The greatest source of well contamination is from water entering the well-
' head or from water moving down the outside of the casing. Providing a water-
tight seal around the outside of the casing (concreete or other compacted material)
is very effective in preventing movement of water around the casing. This seal
should extend from the surface approximately one metre or moredown. In addition
_providing a sloping concrete apron (or other suitable material) around the well ®
will facilitate drainage of excess water away from the well. Facilities must also
be provided to dispose of the drainage water such as percolating it some distance
from the well or using it to irrigate vegetation in the area, or for cattle watering.
! In addition to the water-tight seal around the casing and the sloping apron around
. the well, the welf-head should be constructed above ground level and precautions
taken whlch prevent any drainage:yater or other contamination from entering the

Health safety precautions during well construction

Various types of contamination can occ¢ur during construction of the well
and all efforts should be made to minimize these. All equipment should be cleaned
prior to use in a new well since the s6il 'on digging equipment that was used if
another area is one source of contaminftion. Chemicals used in construction work
should also be stored a safe distance away from the well. Hand-dug wells are
especially susceptible to contamination from the workers. This risk can be
reduced by simple, hygienic precautions during construction. Above all, defecation

within the well or in the immediate vicinity of the well should be étrlctly prohlblted

a?

" Disinfection of the well prior to use

Even'though precautions are taken during construction, ‘all wells should be
. disinfected prior to use. Especially in the casgg.af hang-dug wells, this should

+

3

*
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meclude scrubbing the walls of the well with a suitable disinfectant. One of the
mest easily abtaingble and effecuve disinfectants 15 common houscheld chlorine
bleach which should be diluted 1: 350 (1 part chlerie bleadh o 30 parts of water)
to give a chloerine selunon. To provide tus dilunion, the volume of water in the
well. should be esumated and the appropriate disinfectant poured in: however,
the total volume of household chlorine Lleach used should not excegd 3 hitres. If
a pump 15 1nstalled on the well the well should thed*be pumped lor a short period
of time with the pumped water returning into the well., This will disinfect the
pumping equipment as well as mix the well whter and disinfectant. 1The well should
then be allowed to stand for several davs (2-5 davs) to allow the chlorine to
dissipate. Prior to use the well should be bailed out or pumped until the smell of
chlerine 15 faint. The remaining chlorine in the well will dissipate in a few days -
and cause no problems in using the well. If a disinlectant other than household
chlorine bleach is used, check to ensure that it will dissipate or can be removed
from the well. Many disinfectants are very effective but leave a residue which
may be harmful since they were never intended to be used for drinking water or
they may prove to be very difficult 10 remove,

Health safetv precautions 1n operaung the well

W hen the well has been completed, the key to 1ts continued use as a safe
drinking water source will be the user. Training the local people in simple health
safeguards 1s the most effective control measure, although simple precautions in-
well design will also assist. As a general rule, no washing or cooking should be
permitted in the well area and proper design of the well head can discourage this
practice. Defecation or urination in the well area should be prohibited.

Entering the well should also be prohibited except when required for maintenance.
I this 1s needed, after maintenance the well should again be disinfected. Animals
should not be permitted in the well area and their watering lacilities should be at

a safe distance. The apron around the well should be kept as clean and dry as
pessible to prevent mud forming around the well which can be a breeding area for
heokworms and other infections. Where a pump is not used, a community bucket
and rope should-be provided to prevent well contamination from unsanitary buckets
used to draw water. Efforts should be made to prevent this community bucket from
being set on the ground where it may pick up contaminated soil which is then returned
to the well on the next water draw.  Where pumps aré used, they should be self-
priming; if not, a suitable clean water supply should be provided for priming to
prevent contaminated water from being used. T

The methods used to prevent contamination of a constructed well wall
depend strongly on the local customs and habits. A quick review of these in the
light of possible contamination will prove most useful in suggesling prevention
measures. Public education will be the chief mechanism in implementing these
prevention measures: however, this must be co-ordinated with an adequate
maintenance pregramme. Without proper maintenance of the well all measures
to prevent future contamination may fail. Sometimes two people are assigned
each day 1o raise the drinking water for the small village and no-one else is
allowed on the apron. This custom or some variety of it will be easily accepted
1f 1t is similar 1o existing habits. -

i s e A L
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AVAILABILITY OF SKILLS AND MATERIALS -

The skills and materials available for self-help projects vary greatly,
even within different localitiessof a given country. The methods or techniques
selected wilk be strongly influenced by local availabilities.  Any technique.
whigch relies on specialized equipment or materials imported from a distant
. country cann®t generally be considered suitable Ffor self-help projects. On
* the other hand some m##erials which are routinely imported and are almost
always available locally may be used in limited quantities if their prices are
not prohibitive (e.g. gement, pipe, etc.). In general, however, self-help
ptojects should use indigenous materials to the greatest extent possible.

_ Where skills are not locally available, they can frequently be taught .
and the upgrading of skills might be conmdered as 1mportant as the finished
project itself. ﬁ_}
" Table 4 shows three arbitrarily chosen levels of skills and materials
available. Frequently a given country may have a relatively high level in and.
around populatiornt centres with lesser levels in the more remote regions.
Since it is precisely in more remote regions tHat self-help projects are most

needed, it is probably better.to err in the direction of simplicity and labour €
1nten51ty than i 'the direction of technical Sophlstlcatlon
Table 4-. Levels of Skills and Materials Available
LEVEL SKILLS AND FACILITIES : MATERIALS
. R ' -
1 Blacksmith with traditional equ1p- | Wood, stone, steel
ment and capability of forge = drums, parts from dis~
welding. ' g:arded vehicles and
Carpenter with limited hand tools. *F° machinery, locally "
- made 2 rope.
— 3 el
= o R
11 Blacksmith with traditional equip- As above plus: bmck
ment plus hand-powered drill cut ‘'stone, ,cement .*_
4 press, grinder, and hacksaw’ sawed lumber, sheet
! and oxy-acetylene welder. + . | metal, pipe, remforcmg
Carpenter with 4ll common hand. .2 rod, common structural .
.tools, sheet metal workers, steel (angle iron, iron’ S
\‘____/ stone ¢utter and/or brickmaker, . channel. etc), threaded \\\
mason. " | fasteners, manilld rope, Y
; steel cable chain. : '
111 As above, plus: machinist with As above plus- engines,’
metal working machines (lathe, winches ,.pumps ,-drive
mill ete.), arc welding equipment, points and pipe, well”
. sheet metal fabricating eqmpment screen, plastic pipe.
Engine mechanﬁ'lc. ' o
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ILLUSTRATIONS
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Small diameter (10 cm) village self-help well

L

equipped with hand pump




Small diameter well (10 cm) equipped

with slender bufket as water supply
for 70 people at’an agricultural school.
Note casing ends wpproximately one
metre above the gghund surface to
minimize contamination

Simple drilling apparatus using motorcycle wheels and 4 inch
' pipes
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Small diameter (10 cm) village self-help well equipped with slender well bucket
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Large diameter self-help well equipped with animal-drawn skin
bucket and small reseryoir flor 1rrigating vegetable crops

Large diameter village self-help well. (Note rim around
platform 4o divert spilled water to animal watering trough.)
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hannel to rrrigation system into,

e diameter well equipped with stane ¢
L S which skin buckets are emptied
&
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ge diameter-well used in’

irrigating orchard

Traditional animal-drawn, skin bucket on tar




‘Students learming to repair.village well pump
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