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IV. Well Construction Drilling Methods
N ouiasiea u.nISli.n:e
The most common drilling methods are:
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e Digging
GaiaSiea

¢ Boring
GuSass @

¢ Driving
é"ﬂlw ®

e Jetting and Hydraulicing
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e Cable Tool

: S ST L
e Conventional Fluid Rotary Drilling
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¢ Reverse Circulation Drilling
; | GuiaSien (g g 0301058 @
s Air Rotary Drilling
2l 34a (g0 440% U-M-idﬂju ®
e Down Hole Hammer
, 0530 5 (cgSia (shad (uieSica @
¢ Top Drive Air Rotary with Casing Hammer
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Digging Method - the hole is constructed by digging to the desired diameter and depth with
hand or power tool. The dug out materials are removed by lifting them from the hole in some
type of container.
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Boring Method - The hole is constructed by the use of a selected diameter hand or power
auger which is turned to bore the hole to the desired depth. Cuttings are removed by pulling
and emptying the auger or bucket or by the screw action of the auger flite 1tself.
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Driving Method - the hole is constructed by forcing a casing equipped with a drive point into
the ground by a series of blows, either manually or machine-delivered, on the top of the
casing. Driven wells (or "well points") should be installed only in soft formations that are
relatively free of cobbles or boulders. |
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Jetting and Hydrauticing Method - the jet drill is basically a combination percussion unit and
pressure pump. Water is forced down through the drill pipe by means of the pressure pump
and out through the holes in the bit. This water, being under pressure, carries the cuttings to
the surface through the space between the casing and the drill pipe. This method uses a short,

fast stroke and is very effective in soft ground, sand and gravel, or other loose unconsolidated
formations and is best suited for smaller holes of from 2 to 4 inch diameter.
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Cable Tool Method - used to construct wells by alternately lifting and dropping a set of
drilling tools suspended on a wire cable so that with each stroke the drill bit strikes the bottom
of the hole (see Fig.4). The repeated action of the percussion drill permits bit penetration of
the underground formations. The loosened material and drill cuttings are mixed with drilling
water by action of the bit and the resulting slurry must be removed from the drill hole by a
bailer or sand pump. Few tools used when drilling by this method are presented in Annex 4.
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Direct Circulation (Conventional Fluid) Rotary Drilling Method - In the conventional mud-
rotary method of drilling, drilling is accomplished by rotating a drill pipe and bit by means of
a power drive. The drill bit cuts and breaks up the rock material as it penetrates the formation.
Drilling fluid is pumped through the rotating drill pipe and holes in the bit. This fluid swirls in
the bottom of the hole, picking up material broken by the bit, then flows upward in the well
bore, carrying the cuttings to the surface (see Figure 5).
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Reverse Circulation Drilling Method — comparing with the previous one the circulating

process 1s reversed. Fluid is fed down through the space between the wall of the hole and the
drill pipe and it is then pumped up, together with the cuttings, through the hollow part of the

?
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Fig 4. Cable Tool System
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Air Rotary Drilling Method — use air as the drilling fluid but excavation is accomplished
exactly as is done in the conventionally rotary method. The bit cuts and breaks up the
formation. Air is forced down through the drilling pipe and out through holes at the bottom of

the rotary bit. A stream of water is often introduced into the air system to help cool the drill
bit and control dust. The air serves both to cool the drill bit and force cuttings up and out of
the hole. The cuttings move up in the annular space between the drill pipe and the wall of the

hole, and are collected at the top. Foaming additives are occasionally used to increase the
uphole carrying capacity of the return air.
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Down-the-Hole (Down-Hole Hammer, Hammer Drilling) Method - 1nvolves a
pneumatically operated bottom-hole drill that efficiently combines the percussion action of
cable tool drilling with the turning action of rotary drilling. The pneumatic drill can be used
on a standard rotary rig with an air compressor of sufficient capacity. It is used for fast and
economical drilling of medium to extremely hard formations. Foaming additives are
occasionally used to increase the uphole carrying capacity of the return air.
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Top Drive Air Rotary with Casing Hammer Method - relatively new and popular method and
it 1s designed for fast penetration rates.-Sand and gravel, boulders and glacial till are drilled
and cased simultaneously (SYMETRICS). Screened wells can be drilled, cased and developed
at high speed. The drill pipe is inserted inside the casing and picked up simultaneously with a
special adapter when adding drill pipe and casing. After making up the tool joints with the
hydraulically powered breakout tongs, the casing is welded and drilling continues.
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Fig 5. Direct Circulation (Conventional Fluid) Rotary Drilling System
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VI. Steps to Construct a Water Well (see Figure 6)
(\ (s4a3 5 )3l (sm SusS Crug e S1Ss 41K0ea

e Determine the well location based on community involvement and technical
factors;

(SHSG (G USB  (Floyl (g (slmads s d g sum 1S (S0)S HLED Suwes @

e Start to drill
OuIdSian G U Sis Cawou @

e Grout the annular space (reservation or protective casing) to keep contaminated
surface water out of the well';

(5900 s (paitd (59U W dSo (Al 53 G050 (a3l OL Haua) old SLBE e

e Drill the borehole to the designed depth or less where if there is lots of water:

AP ) SSS9U B RadS U ed L 0yl SO lEul Ciwss (dalsd 440 B u oS o

e Install casing & slotted screen to keep the borehole open and allow clean water to
enter the well (washing the well);

- 4Seg 9 G Al (555 (5054 32 (B1S54S) Leslly LB IL (uk W Sogw (FSuS Gl @

e FKloat-in a gravel — filter pack to keep dirt out of the well;

FSo (501529 Ol 3 gaSed &S o5 gSoy (gluuss 998 4 Sopu (ALl 3 Ol ggaa (SIS, °

(43330 (55
e Develop the well to remove turbidity from the water;

Sog 590 (A (Pund 5 Sem (Slume,y

e Construct a concrete pad around the well (keep contaminated surface water away
- from the well and keep the area around the pump from becoming a mud-hole ;

PPS LSJE}:.)‘:': § «4So s 4l aJCu:_!Eﬁ (598 e S35 (so94 33) 4So u.'a.i:a:wod UJJ‘)S:,L% ¢

8 e 4 ik sl llimgsT A g

e Install a pump;
'————-—?ﬁ")._-i P | SN N

e Disinfect the well te eliminate bacteria introduced during well construction;

. (6 9L d'i.u.?d 14338 s SIS 4 S gL fSw 4ad dSngGoJﬂJJSdL% ©
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e Test water quality to make sure it is safe to drink;

- aSdaSay 00 lgd 3 (S5 (509 31 4G U aSe e 5l s3> 509,830 @

e Maintain the pump & pad;

- Sl s souael (f3)S53S 9 Lag S (581, O

Fig. 6 Typical well construction and pump installation
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V1I. Drilling Fluids
i OuadSida T3t W

Drilling fluid is used to:
L gtdads g m:d‘;lsq U..LMSJM L8

o lift soil/rock cuttings from the bottom of the borehole and carry them to a settling pit;
iy Sy e Rt (A 31 So sogeis 3y  US (5054008 ,4 g o5 ,KIa

o allow cuttings to drop out in the mud pit so that they are not re-circulated (influenced by
mud thickness, flow rate in the settling pits and shape/size of the pits);

« & ;oo S - M . - - ; ¥ - M . . = v = % v
NS LdS I gdll 4 (£ a3dd jduw 6 94 ) g (50 gé 3:_:45?3.9 S 52305l A0 434S & S8y s @yl @ gla,

(Sdla 0,8 gogidi y (R (Jla 4 ()i (5653 458,88 Fradd jhuw 43 yeSou hdads)

¢ prevent cuttings from rapidly settling while another length of drill pipe is being added
(if cuttings drop too fast, they can build-up on top of the bit and seize it in the hole);

ol Gy (A 4 030 OIS Al ABG GeNl ()h (Suils (SISU lSea L ARG A3
il g g St aSain 0 jawdd (G35 5933 (534 ilusu

e create a film of small particles on the borehole wall torprevent caving and to ensure that
the upward-flowing stream of drilling fluid does not erode the adjacent formation; this is

called filter cake (or mud cake) and consists of solids from the drilling mud deposited on the
borehole wall as the water phase is lost into the formation.

IO E090 32 g Sogm (Pl he (ALEAG Br aSo s (5l st W ggas (galis a8 o A T 50,8 iy
GG Ol 3900 (o edd (635 (suse e (SISGLSL Slelo g3a Gk SadiSou Jib ¢S GuiaSian el
S109 539 (54509 ey 1aEIS & aSo s (5)lga0 ytawdd g (o) (591 gan &) 0553 LgS0s 4 LG (S39) ol elis
ASOLS L 46

o seal the borehole wall to reduce fluid loss (minimizing volumes of drilling fluid is
especially important in dry areas where water must be carried from far away);

Casd o 4BS 3) GuiaSIas (S (50, LB (50508 peS) A gy (ST 31 S (5l a0 50,S5LA

.M@ﬂ ¢ 98,99 U:u:ﬁd_gl.‘ms,_)l.‘.@dj

e cool and clean the drill bit

 lubricate the bit, bearings, mud pump and drill pipe (Driscoll, 1986).
' (oeSlen (5 530) OISoui b g 198 (5Laa g5 1§ OIS s U3 ¢ Cots s (59,5 54
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Drilling fluids for water wells include air - based and water based systems
.OJiJJM'J |JM‘,J|3 G%MJ& L‘-&:ﬁ &m‘fd&

Water Based;( 4 L;u_.!.e.u Jhuwdd) Air Based (1gea ganais puwd)

Water with Elay additives

J 1948 J4SU 40 gag3is
Water with polymeric additives Foam: air bubbles surrounded by a film of
ol aalys 4 J4SI3 466 | Water containing a foam-stabilizing surfactant
SOG (SUCE @ oyl < yas Al (BeS) p3b
i el g pfaa (fSabdS oS yU
| Water with clay and pol?meric additives Stiff foam: Foam containing film-
o ytanlys g 498 4 JUSIS (540 strenghthening materials such as polymers
. and bentonite .
3509 QLS (5455000 (gilge (guie 4SS 130 95

. 2 R, TR W ed __;______.____ St g ey | s

Viscosity Measurements Using A Marsh Funnel
Gl (34 (SU,IS 4 4 2l (DS Glaky

Viscosity is measured in the field with a
Marsh funnel (photo). A certain volume of
drilling fluid (usually 1dm’) is allowed to
drain from a special funnel into a cup; the
flow time is recorded and calibrated against
the time required for an equal volume of
water to drain from the funnel. These values
are called aparent or Marsh viscosities.

G 4 lalida d 038 Gl O3yilgies (o

S0 Ll (4Sdly ) (P (sSwad (Llaa,S
(i pows | ddiada )ouieSion (gald ad y1ySy,
90 4 (PapaS @ Oldes) ¢S SapSed 0y

0383y (SSe el oS JU g2 TSl Susasy,

4 ghael 0 S5)Se0 3 gl e 09 ©3)9yae500 S4gsS gy
o &53,S00a13 48 HU d o,L Hladd 92 Srmigis (B8
Coigbe (3 U S0 5a09 9B GLA H3 pdd ¢ 9 yaSASa oy

The step-by-step procedure for measurnng
the Marsh funnel viscosity is as follows:

S50 g2l (53)SOl ks T3 558 phd SISEL
1090 195 SULIG oy syt (Fid
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1. Take the sample at the flow line.

. gL MLJQU U:‘;.‘A ) Cu:_z\.s#d"gb_, Q..:Sd.'.{.l'u Gd.h.’b ddu_ﬁw ¢ X

2. Cover the end of the tube with a finger and pour the drilling fluid through the scen
(sieve) until the levele reaches the bottom of the screen.

[ e - — X « ¥ - * H -3 - L * Y o o oh .
U-h.wLi Siay Sda IJS‘EGJylf; be udeSJM U;d.h.u U.JJJS* K QJ% (5524 GdeUJJJ dh"s u.u.ma.l.l X
GJSJ‘JL_: (50"4.1.!

3. Remove the finger from the outlet and carefully observe the time required in seconds

for the drilling fluid to flow out the funnel. The number of seconds per one liter is
recorded as the funnel (Marsh) viscosity.

H ISR 5058 S PusyE i Gungly (SIS Gl 4S50 4 60l 4SGIS 0y 4SW g el a0 dwdd oY Sdalg Y
s A dau 5L o G180 S slaes Soa so,lfey IsaSaulia ;) S5 Glads «S $SB 4U ¢ aSaaddaas, 4G

ool (el &3 geu

=

4. Record the temperature of the sample

Approximate Marsh viscosity required for drilling in typical types of unconsolidated materials
(Driscoll 1995) ¢

(llocsirD: Y448 [jadd aiggal Sassuste o GudaSies s G g (ke oadiad s 5S04

| Material drilled o PAppropriate Marsh Funnel Viscosity (sec)
SlousaSian gouuls (4502) piole (Faae, d 51)Seuslels atal
1 Fine sand 1
35-45
23S U
Medium sand
(543635 beﬂ u.aJ 45 ) 55
Coarse sand I ”
¢ >S5 -
I 0”45 u-i-'
s Gravel 65 - 75
Coarse gravel |
- 75 - 85
| ST I
{ E - e —— " = — %

All cuttings should be removed from the drilling mud in the settling pits and not re-
circulated.

SO (558 (5 a9 25TAG (S0 B SGIES Jla U o ,ile 00 Eluou (SIS dal s soda

The volume of the pits must equal three times the volume of the anticipate hole.
(SdSo s (39S (50,LdS (5030 44 e Cakiod Sl 5o,La
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Fig 7. Recommended Mud Pit set-up (Driscoll 1995).

AlocsirD 1440) 1 Suiawds 98 oaiesian Ja YV gy
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gl
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i “— Settling pit
| DIRECT RCTARY
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] [ ___,-'*"r Sh auﬂw |
‘ ] l -
P
! )

« Each mud pit should have a
cuttings settling section and a mud

suction section

a2l (A (g (o100 598 (Sl ggecl
C.L:.Hd.ﬁ U'.i.a:}.a.ld.ﬁ#f Lf'i'd‘f K U:llSaJlS.i

« The size of the settling pit can be
estimated using a formula (Driscoll
1995) that allow to establish the width
of it. The length and the depth of the
pit will then be calculated based on

width value.

& £ gal 30 &3 B0 4SATAG (o 5oLl
b D2 g5 4 (Driscoll 1995) gwla
g aSla 5300 9 st eI

(SS9 (s ladiy sl 0543055

—

- —— —

il
= ——

e

< Booster
pump

width =3

ih_c-levon-lz,mrze( gal)x 2

\

13.9379

Length = 2.5xwidth;
Depth = 0.85 xwidth

‘ DIRECT ROTARY

For the suction pit: ciss puhadas Jla 3

Length =1.25 x Width;
Depth = 0.85 xWidth

hole volume:«Ss s (5,43 « depth: J443¢ length: 57,9 width : AL @ faans
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VIII. CASING AND SCREENS
IISSeS 9 pu b (5o

CASING: steel or piastic pipe installed while drilling a well, to prevent collapse of the well
bore hole and the entrance of contaminants, and to allow placement of a pump or pumping
equipment.

S0 (5945 32 i uiaSoaian 4 1o el gL @ Sdyieulu 4 eliawds oL Jaduw (g3 o a1 R gL (58

: u.'llSoéou l:.o‘u: U.'al:ﬂd “ O‘Jé.l.l‘:“! LAGJJMJ' et sosls s UJJJ:I J?@ U:L'L:'{Md uauu cﬁ}imdld

Strong pipe and pipe joints prevent damage during well construction. Casing must usually
resist substantial compressive, tensile, and collapsing forces. It should last for 20 to 40 years
in contact with soil on the outside, and water and humid air on the inside.

282 N39S Sawg g e (SEU OBG (o (S0 (5094088 o)mad GLaduiindy 0g4Sdady (i3 o g (Oidds (1S4 o8
32 0940dS (¥4 Iy HLA 5 g 0o (oaay GLAAS]y o ludy 33 Sldd (5508 ((Sdan ;S s dlinedd s g s 4L
g ok g 9Bl 0 0 gadi sl g 09l g g5 0 yedSe om0 00t 4S &3, S pu Jlw (£ B Ye) soybe

For deep wells and wells larger than 4 inches, the diameter is usually chosen to accommodate
the size of pump required. The diameter should be 2 nominal sizes larger than the pump to
allow sufficient clearance for ease of installation and operation.

JAS U Sl 45 Wiy 268 (a pilaoalis gLalisS ((Sauosd « gl £ 4l 050,548 (aSend 4S iy Ja9d s B
=905 Glasls 3o fdodd aSlas g 5 dd Sou 530, 948 6030 94 g 9 d:% 480 (o - 9luS 1glo (glas g5 (g8, L4s

- OUOS gty oSyl

WELL SCREEN: serves as tl;i:e intake section of the well allowing and 1s considered
adequate only when it allows sand-free water to flow into the well with a minimum loss of
head. Steel and thermoplastic pipe (PVC) are the most practical casing materials for wells.

(dSo s gL diian 094Som (g lges A 5U @ Gluiad) B &l S wddd gdi 1(g1y<aeS) L (rdee) <S5 5YL (g9
U (el & (a5l (nRedS 4 dSegs gL 4iad o (o3 (5510 S iSLS HlangS @ D el o85S das s pdd
Glolaa Lo dS (gads 3 5lalsS) ehiluwdl ad (L Jutw 4 L (105558 (6,59) Sude o5 pdd (sovle Siauds

.o thermoplastic pipe

Stainless steel screens are the most widely used because they are strong and relatively able to
withstand corrosive water.

SUS00 gl (el & (50500 5 0 @ 1) St s 4 B0 IS 53 (Lode) SIS (i (513

Screens are manufactured with various slot sizes andeshapes to match the characteristics of the
aquifer (Fig 8).

4S5 A (g4 g (s 4Soyliade (55 (b @ gl (g0, L @ oIS (Al (7 5de) $ILSSS (S0

Slotted or perforated casing or liner 1s made by creating openings using a cutting tool ordrill.
OSSO g sorel @ D ySeuid (S JILSIINAA (53 b YIS (B0 (503 0L YISELD (o5

A slotted or perforated casing/liner can be used when the aquifer formation is more
consolidated, such as hard sandstone or fractured shale.

30y (ol (59,4 Soy oy ,3) SGIHA (OIS 4S 19 QSIS o &l i IS4 &yl gien gS uli (L3 50 (55

s s shale g3 ou
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Selecting screens - features of a properly designed well screen
el g o) (g g10S Oal3ed (Saand (PSEGLII— (prda) YIS G Sl

e Slotted openings, preferably continuous and uninterrupted around the circumference of
the screen.

e Close spacing of slot openings for maximum open area (ensuring the maximum yield of
clear sand free-water),

induce minimal pressure head losses,
Easily developed and prevent sand pumping (less than 2 ppm)
V-shaped slots that widen inward

Single metal construction to avoid galvanic corrosion from two different metals coming
in contact with one another.

Maximum open area consistent with strength requirements
e Ample strength to resist forces to which the screen is subjected.
e have the longest possible life-span.
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PVC Screens (Slotted Plastic Pipe). Advantages of grey PVC pipe:

- 2 APVC (g5 (51800 g9 . (5158 (Bl (Siwdl o3 ) PV o
e available in most countries,
e relatively cheap,
e corrosion resistant

e lightweight,
e casy to work with and chemically inert.
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In consolidated formations, the intake portion is usually an open borehole drilled into the
aquifer to a depth intersecting the water bearing portions of the aquifer.
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In unconsolidated formations, however, screens are installed to prevent aquifer material from
being pumped along with the water.
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Figure 8
Above - Different type of slotted screens (from Driscoll, 1995)
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IX. Gravel Filter Pack

A filter pack is coarse sand or fine gravel (2-6 mm diameter) that is placed between the
borehole wall and screen (Fig 9). |
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Filter packs are used to settle-out fine grained particles that may otherwise enter the
well and to increase the effective hydraulic diameter of the well.
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Generally a filter pack should be installed in all wells except those completed in rock,
coarse sand or gravel.
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Filter Material: - should consist of silica-based material since it will not dissolve over time;
this ensures that the integrity of the filter pack is maintained and that harmful or unpleasant
substances are not leached into the water.
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Material Cleanliness: Filter material should be clean because the filter pack should remove
dirt from the water rather than add it. Clean material minimizes filter pack collapse and
reduces well development time

Bl AL (53540 O da 2y5I8SL aSoyl (60545 3 Sl ((Has) yakd (goule Cued (ISesl g4 (S

.6\94.315#..’: “.MS 450_;2 U'-'ld:'f':.‘.a-)d"i U:ﬂs K sto\,d.?

Grain Size/Uniformity: The sand or gravel should be of a uniform size which is just slightly
larger than the size of the slots in the well screen. This is the main factor controlling the
possibility of sand pumping! Alternatively, the coarse material may separate as it is poured
into the well resulting in possible continued sand pumping.
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Installation: After the casing and screen have been installed, continue to circulate clean
water through the bottom of the casing. Slowly pour the filter media into the annular
space and let it settle into the upward flowing water (backwashing method, Annex 8).
This process, called '"floating in the gravel pack™ helps prevent the filter material from
bridging and keeps the fines from settling.
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