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Figure 2

Chinese Brine Well Drilling Rig
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Fiqure 4

Thon Walking Beam System

Figure 5

“ortable Rig from the Early 1900's
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Fiqures 6a and 6b

Leonardo's Skotchos of Brilling Devices
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Fiqure 7

Grenelle Rig
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Figure 8

British Hand Auger System
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Tumber, or bamboo. More sophisticated tripods can be con-
structed from pipe or available scrap metal (Figure 9).
Common methods for connecting the three lTegs to form a tri-
pod configuration include lashing wood or hamboo timbers
with rope, or boring a hole tfrough each leg member and at-
taching them with a metal bolt.

When local timber or bamboo are plentiful, they re-
present the lecast costly material for tripod construction.
If these materials are in short supply and several wells
must be drilled using the same equipment, it is usually more
economical to construct a metal “pipe" tripod which can be
disassembled and transported from one drilling site to an-
other.

The wood, bamboo, and simple pipe tripods may be con-
structed using simple hand tools. The height of a tripod is
1imited only by the strength of its support legs. If this
height exceeds 4 meters it is best to use legs constructed
from 3 or 4 inch (7.6 to 10 centimeters) pipe or construct
either a heavy or reinforced pipe tripod (such as those at
the bottom of Figure 9).

Construction of a reinforced pipe tripod requires the
skills of an experienced metal worker and an electric arc or
an oxygen-acetylene welding apparatus. The cost of a re-
inforced tripod will depend upon local materials and 1abor
costs. Similar tripods referenced in the Peace Corps
Program and Training Manual (1) list the 1974 average cost

for materials and construction in Togo, a nation along
Africa's Ivory Coast, at approximately $500. Complete con-
struction details for wood and reinforced pipe tripods ap-
pear in the VITA Publication, Using Water Resources (33) and
in the Peace Cnrps Program and Training Manual (1).

2.2.2 Methods for Producing Vertical Reciprocating
Motion '

A number of drilling operations require a method
of successively raising and dropping the drilling tools.
This vertical motion is necessary for percussion drilling,
sand bailing, setting or removing casing, and driving well
points. The vertical reciprocating movement needed for
these drilling methods is produced in several ways.

Manual Methods
.The more popular methods, including the spring
pole technique, are discussed in the historical section of

20



Fiqure 9

Locally Fabricated Tripod Derricks

timber or bamboo lashed with cut hard-wood lumber bolted
repe together

simple pipe tripod bolted
together

heavy-duty pipe tripod with
access and equipment mounting
ladder

reinforced tripod with extension
tegs for added height
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this marual. Whenever a suitable spring pole is not avail-
able, the drilling action can be produced by means of a
lever or by alternately pulling and releasing a rope (Figure
10 a ard b).

Mechanical Methods

In areas where manual labor i< less cost ef-
fective, or when a great number of weils must be drilled in
a limited amount of time; vertical motion may be produced by
a motorized cathead or capstain. The cathead consists of a
rotating metal spool powered by a gasoline engine, hydraulic
motor, a rear wheel hub of a vehicle, or a power-take-off
from a truck, tractor or land rover (Figures 11, 12, and
13).

To operate the cathead, several turns of the drilling
rope are "set" around the rotating spool. As the free end
of the rope is alternately pulled and released, friction
between the cathead and rope supply the force necessary to
Tift even the heaviest weights with very Tittle manual
effort.

Self Powered Cathead

Figure 11 represents a diagramatic sketch of a
motorized cathead run by a three or four horsepower gasoline
engine. In the diagram, engine power is transferred through
a fluid or centrifugal clutch to a main drive pully which
then turns the cathead. The motorized cathead is designed
to mount directly to a tripod Teg. Alternate mounting
locations include the chassis, frame, or bumper of a support
vehicle.

Power-Take-0ff Mounted Cathead

A cathead operating from a power-take-off (PTO)
of a truck is a simple and low-cost addition to any field
vehicle (Figure 12). Most manufacturers of 4-wheel drive
vehicles, commercial trucks and farm equipment feature a PTO
as either standard or optional equipment. The use of a PTO
drive cathead for drilling is not widely publicized. How-
ever, the method is used by a substantial number of soils
engineering firms to assist in test borings for soil sam-
pling and in driving well points.

Hub-Mounted Cathead

Another location for mounting a cathead is
directly to the rear hub of a support vehicle (Figure 13).
This method is described in an account by McJunkin (21).

22



Figure 10a

Wood or Bamboo Lever and Fulcrum
to Produce Reciprocating Motion

Figure 10b

Pulling and Releasing a Rope to Produce Reciprocating Motion
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Figure 11
Motorized Cathead
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Figure 12
Tripod Mounted to Truck Bed
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Figure 13
Locally Fabricated Catheac Mounted to a Rear Wheel Hub




The hub mounted cathead consists of a metal spool, welded
together from a scrap section of well casing, and two steel
rims, one of which is drilled and bolted to the hub of a
support vehicle.

This cathead costs almost nothing to construct
and can be fabricated in as little as one hour. However,
two very important precautions are necessary for i*s use:
first, all truck wheels must be chocked to prevent vehicular
movement if the rope should "bind" or cause the opposing
rear wheel to rotate, and second, care must be taken to
avoid overloading the cathead which may cause unnecessary
wear to the engine and drive train.

As mentioned earlier, a cathead may be fabricated
from scrap materials. More refined catheads can be produced
using simple sand casting and foundry techniques. The re-
lative ease of fabrication using local skills should result
in a cost considerably lower than the current U.S.A. value
of $800 for a motorized cathead and approximately $90 for a
replacement cathead.

2.2.3 Methods for Producing Rotary Motion

The rotation of an auger, drill bit, or well
casirg is required for almost all types of drilling. A wide
variety 0. locally manufacturable methods are described in
the following accounts.

Rod or Auger Handles

The most basic and labor intensive method for
producing rotary motion utilizes an auger or drill rod
handle. The handle, or clamp block is bolted around the
drill rod as in Fiaqure 14a. MWith this arrangement, rotary
motion is achieved by one or more men turning or walking the
handle in a circle. A standard rod handle can be fabricated
at minimum cost using simple woodworking tools and two
sections of hardwood Tumber.

Chain Tongs

As drill pipe or casing size increase, wood
handles become impractical and chain tongs represent a
useful rotary tool. A chain tong utilizes leverage to
tighten a link chain around the entire circumference of the
casing. The link chain and attached tong are then used as a
handle to rotate the casing. Large 10 to 20 inch (25.4 -
50.8 centimeters) casings may require two to three chain
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Figure 14 a
Wood Rod Handle

]

Figure 14 b
Chain Tongs (for large diameter well casing)
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tongs and from four to nine men to rotate the casing (Figure
14b). The cost of commercially available chain tongs ranges
up to $124. However, similar tongs could be easily
fabricated in a.local machine shop from sections of scrap
pipe and chain.

Rotary Tables

The rotary table, developed in the early 1890's,
revolutionized the well drilling industry. Early rotary
tables, such as the one illustrated in Figure 15, employed
the same rotary principles as do the highly sophisticated
rotary tables of modern drilling rigs. These early models
used a clamp, similar to a rod handle, which attached to the
drill rod. The clamp and drill rod assembly were turned by
two upright pipes attached to a large beveled gear or rotary
table. As additional technological advancements were made,
the rod clamp and vertical pipes were replaced by an
assembly of Tock roliers. These clamped the drill rod while
still permitting unlimited vertical rod movement in and out
of the drill hoie (Figure 16). ,

The power required to operate a rotary table may
be supplied by a farm animal, as in Figure 17, or by a
steam, diesel, or gasoline engine. The primary advantage of
a rotary tabie is its ability to produce a faster rotation
and cutting rate than is normally possible with manual
rotary methods.

Present day rotary tables, costing thousands of
dollars, are designed principally for high production oil
and gas well drilling. Relatively inexpensive rotary tables
(see Figures 15, 16, and 17) powered by animals or small
engines can be designed and fabricated using simple foundry
and machine shop equipment. The cost for a locally
fabricated rotary table is purely conjecture, but should not
exceed $1,000.

Gasoline Engine

Mechanized techniques for producing rotary motion
employ increasingly complex transmissions and gasoline en-
gines to rotate a drill stem. In its most basic form, a
small gasoline engine mounted as a conventional two-man post
hole digger provides a very simple, portable rotary drilling
power source. The gasoline engine powered drill is
adaptable to a variety of augering and jet drilling methods.

Aside from the one or two man hand-held engines,
the same units may be mounted on a sliding track or sus-
pended in a rope harness from the apex of a tripod (Figures
18 and 19). Both track mounted and suspended versions can

28



Figure 15

. —— water swi
Early Rotary Table with r swivel

Vertical Poles and Rod Ciamp

beveled rotary

Figure 16

Rotary Table Equipped with Clamp Rollers

— clutch handle

clutch

Vertical View of a
Simple Clamp Roller
Assembly
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Figure 17
Animal Powered Rotary Table
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Mule-power supplies the rotation for this rotary table. A drive
shaft and an arrangement of gears transfer power from the turnstile
to the rotary table. The drilling rate is controlled by bit weight,
rotary gear ratio, and the speed or pace at which the turnstile
operates.






Figure 18 Figure 19

Rotary Engine Suspended from
a Rope Sling

Rotary Engii~ Mounted on a
Sliding Track
hand wheel
support chain :
(raised and :
lowered by :
hand wheel) || = |
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|
sliding . :
track fab- water swivel
ricated from
pipe
drill rod
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Figure 20
Schematic of a Hydraulic Rotary Dril}
high raraque 20-40 horsepower
hydraulic motor air colled gasoline

engine

cushion
block
coupling

thrust
bearing
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Figure 21

Small Portable Rotary Drilling Rig with "'ollow Shaft
Kelly Bar

1) hollow shaft kelly bar
2) drill chuck
3) drill rod
4) water swivel and wawor ,u=oly hose for wash boring
5) co'lapsabile aluminum tripod

6) 15 horsepower gasoline engine

Source: Acker Drill Co., Inc. (M—9)



2.3 Percussion Drilling Rigs and Equipment
2.3.1 Dry Bucket Drilling Rig

Equipment and Method

The dry bucket method is a simple and expedient
method of drilling small 2 to 4 inch (5-10 centimeter) dia-
meter wells. The hasic components of a typical dry bucket
rig or drilling kit include a tripod, rope, pulley, and a
dry bucket (Figure 22). Whenever the well must be
excavated through moist or wet soil, additional tools such
as a temporary casing, sand bailer, or an auger are used.

In dry bucket drilling, the drill hole is advanced by

successively 1ifting and dropping the dry bucket. Each
impact forces additional soil upwards inside the bucket. As
additional soil accumulates inside the bucket, penetration
decreases. When this occurs, the bucket is drawn to the
surface and emptied by tappiag its side with a hammer or
piece of iron. The drilling procedure continues until damp
soil no longer adheres inside the bucket. At tnis point a
temporary casing and a sand bailer or auger may be used to
advance the well below water table.

Geoloqgical Applications

According to an account by J. Brelsford in the
VITA Using kater Fesources manual (33), the dry bucket
method 15 best swited to smail 2 to 4 inch (5-10 centimeter)
diameter wells. Sonil conditions should be dry and free of
rocks. lnder the above conditions, a two man crew operating
a dry bucket rig (in northern florida) drilled to a depth of
64 feet (19.5 meters) in lows than 3 hours. Since then, 30
such wells have heen drilled with equal success.

Labor Pequirements

Shay 1cw dry bucket rigs operate with a drilling
crew of two to four men. Normal operation requires only two
men at a time, with crews dalternating periodically to avoid
fatigue, Whenevor a temporary casing is utilized, all four
men may be required to manipulate and sink the casing. 0One
member of the crew must have Ynowledge of appropriate dril-
ling techniques while the remaining crew may consist of loc-
ally available unskilled Tabor.

["abrication Skills
Dry bucket rig construction can be accamplished
with a minimum of metalworking tools and skills. Principal
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Figure 22
D¢ Bucket Drilling Equipment

Wocd Tripod Dry Bucket

File Inside
to Form
Cutting Edge
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tools used in its construction are a hacksaw, file, and

metal drill. The smail size and relatively light working
loads make low-cost tripod derricks (constructed from wood
or bamboo), particularly adaptable to dry bucket drilling.

Cost of Equipment

Material and labor costs to fabricate and main-
tain a dry bucket drilling rig need not exceed the range of
$100 to $200. As with other systems, the type of tripod
used will influence the total rig cost, adding as much as
$500 to the final cost.

2.3.2 Bail-Down Drilling Rig

Equipment and Metiod

Bail-dovm drilling is very similar to dry bucket
drilling. The principle difference is that the casing is
filled with water, and a wet bailer is used to excavate the
bore hole. Bail-down drilling involves the following basirn
procedure: stand the casing on end, add 2 to 3 feet (0.5-1
meters) of water to the casing, and repeatedly raise and
drop a bailer to excavate and suspend soil in the drilling
fluid (water). As the baiter fills with the muddy solution,
it is hoisted to the surfdace and emptied. Additionail fresh
water is then atded to the casing and the processes is re-
peated (Fiqu-n 23).

A< the drill hole advances, a cavity is created
by bailing soil from beneath the casing. This allows the
casing to sink and to simultancously case off all soil
layers. The bail-down riy’5 unique ability to continually
case a drill hole permits the construction of large diameter
10 inch (25.4 centimeter) wells in conditions where caving
soil, 7lowing sand, or highly permeable formations would
make alternate drilling methods difficult, if not impos-
sible.

A wet bailer may be any one of three basic types:
the flap valve bailer, the dart value bailer and the com-
bination dart valve and sand pump bailer (Figure 25). All
three bailers can be produced locally from sections of well
casing and scrap metal (material for the flap valve or the
plunger in a sand pump hailer is cut from a discarded tire
innertube). 07 the three types of bailers, the flap valve
is best s ited for bail-down drilling, the dart bailer for
removing coarse cuttings from a percussion bit drill hole,
and the combination dart valve and sand pump for bailing



Figure 23

Bail-Down Drilling using a Hand Minch
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Flap Valve Bailer

Figure 24

Locally Fabricated Wet Bailers
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Figure 25
Locally Fabricated Drill Bits
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Figure 26

Conventional Percussion Drill Bit and Assembly
used on High Capacity Drilling Rigs
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A highly recommended alternative to manually
dressing a bit is to use an electric arc welder, a hard fac-
ing welding rod, and a hand grinder to resurface and build
up the worn edges of a percussion bit.

Cost of Equipment

The percussion method is very versatile; it may
even be utilized to penetrate hard rock formations which are
impervious to other drilling methods. The design and the
fabrication of a percussion bit (Figure 25), is relatively
simple and should require no more than $150 in materials and
labor. For these reasons, a percussion bit is useful 1in
most drilling rigs and tripod designs. Respective costs for
simple percussion rigs range from approximately $300 for a
tripod, wet bailers, and rope or cable,; to as much as
$2,000 for a reinforced tripod and simple motorized cathead
or walking beam engine.

2.3.4 Manual "Reverse Circulation" Percussion
Drilling (Sludger)

Equipment and Method

The roverse circulation drilling apparatus
utilizes a one-way valve contained within the drill rods.

As the rods are successively raised and dropped this valve
produces a pumping action similar to that of a hand pitcher
pump. Downward inertia of the drill rods allows the valve
to open so that water laden with mud and drill cuttings can
enter Lhe rods. As the rods are raised, the valve closes,
retaining the accumlated dritling fluid. Repeated re-
ciprocating motion of the rods creates a continuous upward
flow of mud-laden water inside the drill rods.  This water
then flows through a hose to a settling pit where the cut-
tings accumulate. A trench connecting the settling pit and
the well allows water to circulate back to the well and the
process repeats itself (Figure 27).

The reverse circulation technique is widely used
throughout Asia (1, 12, and 19). Small diameter, shallow
wells of 20 to 30 feet (6 to 9 m) in depth may be drilled by
directly 1ifting and dropping the drill rods without the aid
of a tripod or scaffold. Vhen drilling in this manner,
drill rods are added in 5 foot (1.5 meter) sections so as to
minimize the weight and height of the drill rod assembly.
Greater drilling depths are possible when the drill string
is attached to a lever or tripod mechanism, as in Figures 10
a and b.
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Figure 27

Reverse Circulation Percussion Drilling (Sludger Method)

1%" pipe drill rod

2" to 1%" reducer

2" pipe with
“ball valve
retaining pin

steel ball check valve

weld steel cutting
blades to reducer

coupling




A viide variety of materials and techniques are
possible with the sludger method. Vhen steel pipe and fit-
tings such as those illustrated in Figure 27 are un-
available, a section of bamboo pipe may be used. The one-
way valve action can also be supplied without need for out-
side materials. To do this, a drilling helper is positioned
on an adjacent scaffold, then, using the palm of his hand as
a one-way valve, he seals the top of the rods on the up-
stroke and removes his hand on the downstroke. This re-
quires skill, as well as a certain sense of rhythm, but has
proven highly successful when equipment and materials are
limited. The principal complaint concerning this method is
that everyone becames soaked with slippery drilling mud.
This problem can be significantly reduced if a section of
hose or pipe is attached to the top of the drill rods
directing the nud-1aden drilling fluid away from the
vorkers.

Geological Applications

The sludger method works well in alluvial de-
posits consisting of sand, 3i1t, and clay, but it cannot
contend with gravel, hard pan, or rocks. Typical well dia-
meters are usually in the 2 to 4 inch (5 to 10 centimeter)
range, but they rmay be as large as 6 inches (15 cm) in dia-
meter. This method has proven highly successful in areas
where water lies at depths of 220 feet (80 meters) or less.
Average well depthns of approximately 50 feet (20 meters) are
easily attained by the sludyger method in only four to nine
hours of operatinn.

Labor Regmrerents

A crew of four Lo six unskilled vworkers can erect
a scaffold (or platfona) for the "valve" man and operate all
equipnent involved. An individual experienced in sludger
drilling technigues is needed to identify drill cuttings and
water bearing zones.

Fabrication Skills

Skills required for basic riq fabrication are
minimal. All components are made from locally available
timber or bamboo, and can be constructed in less than half a
day. Drill bits with check valves can be easily constructed
fron scrap sections of pipe as in Figure 27.

Cost of Lquipment
The major cost involved in simple sludger equip-
ment is for the purchase of pipe used as a drill rod; this

cost should not exceed $125.
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2.3.5 Rig for Driven Wells

Equipment and Method

henever the water table lies at shallow depths
(23 feet or 7/ meters), a well screen equipped with a drive
point may be driven through the overlying s0il and into the
water bearing formation This method employs the re-
ciprocating motion of a drive hammer. Threce basic types of
drive hammers are in common use: (1) the hand driver, con-
sisting of a sliding weight and an attached pipe which fits
over the riser pipe (Figure 28a); (2) an internal driving
bar which strikes directly upon the driving point (Figure
28b); or (3) a sliding weight and drive stem or guide
shich attaches to the uppermost riser pipe coupling (Figure
29).

The basic equipment required for a driving rig
ranges from a 4 foot (1.2 meter) section of oversizsed pipe
(used as a sliding hand driver) to more el aborate systems
requiring a tripod, pulley, rope, and driving bar or drive
stem and sliding hammer. The driving rig will also require
two or three pive wrenches, and a shallow well hand pump to
develop and remove soil debris fron the well screen.

Geological Applications

Driven walls are generally one of the most ef-
ficient methods of drilling whenever the water table 1s
within 23 feet (7 weters) of the cur face and the soil
consists principaily of sand with minor quantities of silt
and clay. Under idea! <ril conditions a smnall diameter well
point may be driven te ¢ depth of 25 feet (7.6 meters) in 15
minutes. In heavy soils such as stiff clay or soils which
contain nunerous baulders, driltling with an aufjer or
percussion bit is fester Chan driving with a well point.

Hang driven well points of T 1/4 Lo 2 i1aches (3
to 5 centimeters) in Ziameter can be driven up to 25 feet
(7.6 meters). If heavy 100-300 1b. (45 to 135 kg) drive
hammer assemblies are used, 4 inch (10 contimeters) well
points and casings can be driven to deptns of 33 to 49 feet
(10 to 15 meters).

Labor Requirenents

Given the proper soil and water table conditions
small diameter driven wells may be canpleted by one to two
unskilled men. large diameter driven wells require a
heavy-cuty drive hammer and a tripod assembly. The crew
necessary for operation of this equipment consists of six
men for manual methods and two or three men for a motorized
cathead system.
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Figure 2y

Methods for Driving Well Points
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Figure 29

Heavy Duty S1iding Hammer
and Drive Stem Assemblias

Supporting Cable

o ralling Weight
40 to 50 1bs.

Guide Rod

Drive Head

—Riser Pipe

internal guide drive stum cross-section of sliding
drive hammer with hammer and drive stem
s1iding hammer

These assemblies provide an effective means for driving both

well screens and casings.
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Fabrication Skills

A1T well point driving equipment can be con-
structed easily from locally available scrap pipe or steel
bars and standard pipe fittings. The fabrication of simple
drive hammers requires basic metal working and blacksmith
abilities. Construction of heavy-duty drive hammers, which
weigh in excess of 50 1bs. (22.5 kg), will require the aid
of an electric arc welder or basic metal casting techniques.

Cost of Equipment

Fxcluding the initial cost of a well screen,
drive point, and riser 2ipe, a locally constructed hand
drive system which requires no tripod should cost a max imum
of $20. Heavy-duty systems may cost $50 for the fabrication
of both drive hammer and drive stem, plus an additional $500
depending on the type of trinod used. If a driving rig
incorporates a motorized cathead the system price could
increase by another $800. A hub driven cathead (Figure 13)
would cost considerably less but would require a support
vehicle.

2.4 Rotary Drilling Rigs and Equipment
2.4.1 Hand Auger Rig

Equipment and Method

The hand zuger method of drilling is ore of the
oldest and one of the most basic forms of low-cest fabor
intensive well drilling. In hand augering the ¢rilling ac-
tion is applied by manually rotating a cutting blade or
auger (Figure 30). As drilling progresses, the auger fills
with soil and must be neriodically lifted to the surface and
emptied. Drilling by this method is fairly rapid for the
first 20 feet (6 m). Thercafter, the number of drill rod
cections which must be coupled and uncoupled each tine the
auger 15 brought to the surface add considerably to the
drilling time.

The basic components of a hand auger rig are:

(1) support tripod

(2) drill rod, fork and auger handle

(3) auger

(4) rope and pulley

(5) sand bailer

(6) temporary casing - to case hole through
caving soil

(7) drill bit - to break up hard soil and
boulders
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Figure 30

Hand Auger Drilling .
e ——W00d Tripod

.—=Drill Rod

__.——Rod Handle

™~ Rod Connections

Mg,;m—w~8ucket Auger




The support tripod may use any of the designs
discussed in the section on tripod derricks. However, most
light duty hand auger drilling systems utilize an
inexpensive wood or pipe tripod.

Drill rods are constructed from loca'ly available
3/4 inch (2 centimeters) galvanized or black iron pipe. All
connections between drill rods and augers are of box and pin
type construction (Figure 31). Joining pins for the con-
nections are made from either toggle bolts or from standard
nut and bolt assemblies. Both pin systems have proven high-
ly reliable.

To avoid dropping a disconnected section of
drill rod down the borehole, a rod fork or auger fork is
slid under a coupling to support and retain lower sections
of the drill stem (Figqure 32). This rod fork may be
constructed from a 1/4 inch (6 millimeter) steel plate or
from a notched hard-wood board. In either case the notch
must be wide enough to slide around the drill rod but rarrow
enough to retain a coupling.

An auger handle is constructed by clamping two
hardwood handle sections around the drill rod (Figure 14a).
As the borehole advances, the bolts are loosened and the
nandle is relocated to a more convenient height.

Auger construction falls into two main cata-
gories, those for use in cohesive soils and those fcr non-
cohesive soils. The cohesive soil augers (Figure 31 b), are
designed for use in soils which adhere or stick together.
These soi1ls conmonly contain a mixture of sand, silt, and
clay. Augers designed for use in noncohesive soils (Figure
31a) are best suited to loose sand and grave! formations.

fach tyre of auger can be produced locally using
discarded sections of casing, pipe, sheet metal, or perhaps
the tubular section of an automobile drive shaft. Local
soil types determine the type of construction used. 1In
general, the best performance in soft cohesive soils can be
obtained with an open blade or helical auger. Hard clay
soils may be excavated with the bucket auger. In non-
cohesive soil, the tapered tube auger is most effective
(Figure 31a).

In addition to a tripod, rope and pulley are also
primary components of the drilling equipment. On a hand
auger rig, a rope and pulley are often used to handle the
drill rods when a long pull of 20 or more feet (6 meters) is
necessary to raise the auger. This long pull saves time and
eliminates the need for disconnecting nunerous drill rods.
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Figure 31

(a) Sand Augers for Hon-Cohesive
Soils

Helical Auger
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(b Cohesive Soil fugers Bucket Auger
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Figure 32

Rod or Auger Fork Locally Fabricated from
a Section of % inch (6mm) Steel Plate

drill rod

drill rod connector

rod fork

t
|
i
| ]
\ |
| |
\ |
} |

llhen placed around a drill rod or auger, the fork acts as a
support for the drilling tools. In this manner, rods and
augers may be added or removed from the drill string with
little danger of droping sections down the bore hole.
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Drilling Tools

Ttem
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Earth Auger

Rock Hammer

Rock Hammers

Sand Bailer

Sand Bailer

Drill Sten

Tripod

Galv. pipe (casing)

Pipe couplings

Pipe clamp for 4" casing
Sliding handles for drill stem

Safety notched board
Platform boards

Pulleys

Vice with bench capacity
Rope

Fishing tool

Small Tools and Other Equipment

Hydraulic jacks

Spade

Expanding double meter measure
Water pump pliers
Pliers 6 in.

Metric end wrenches
Adjustable wrench

Vice grip pliers

Chain tongs

Trowel

Heavy Hammer 10 1bs.
{.ight hamme-~ 3 1bs,
Magnet

Pipe wrench

Pipe wrench

Oiler can

Screen box

Screen box

Screan box

Small measuring cord
Tube plastic joint glue
Can thread sealing compound

TOGN BOPEHOLE PROJECT

.t

v b 1y

fove vanie:

Dimensions Materials

1300 x 115 mm black pipe 6 mm
1160x100 mm solid steel bar round
1300x80 mm solid steel rcund bar
1300115 mm black pipe 6 mm
1300x90 mm black pipe 6 mm
6000x42 mm Galv. pipe 33x42 mm
9000 mm Galv. pipe 50x60 mm
6100x115 mm Galv. pipe 10x115 mm

4" 102x115 mm
516570 mm
1000x100 mm

500x200 mm
2000x300 mm
25x90 mm

13U mm jaw width
35000 x 16 mm

3 m long

6 to 8 ton cap.

20 in.

& mm to 28 mm
12 in.

12 1in.

4 in. cap.

8 in. (200 mm)

Mo. 813

14 in.

18 1in.
600x300 mm
500x700 mm
500x800 mm
5 m

56

flat iron bar 70x10 mm
flat iron bar 100x8 mm
and galv. pipe 33x42

P1ank
Plank
Steel

50 mm
50 mm

150 mm steel
manila rope
20 mm rod

Metal
Metal
Metal

screen 2 mm
scren 5 mm
screen 1 mm



0t.

[tem

p—
_— ) — Y S — N Y —

roll
roll

—_— o —

Pipe vice

Hack saw with 3 blades
Wood saw

Center punch

Metal brush

Steel files, flat, half round,
round (2)

Wood file

Metal box with hasp
Padlocks

Scraw driver

Phillips scraw driver
Metal hand drill

Steel bits

Wood brace

Wood bits

Pr. tin cutters

Wire galv.

Wire galv.

Cold Chisel

Pip> threader

Rod threader

Tool box with handles

Dimensions

Materials

3 inch cap.

400x300x650 mm

6 to 16 mm
11, 12, 14 mm

No. 10

No. 15

6 in.

1 to 2 in. cap.

10 and 12 mm cap.
300x500x80 mm inch wood

Metal









figure 33
Common Bits for Jet Drilling

5 0
© @ﬂ
N

L0

expansion bit straight bit side bit
(closed) (open)
jf\ ﬁ j | g
T-bit 1-bit 3 wing carbide face drag bit
Figure 34

Locally Fabricated Jetting Bit

o) water port (one on each
side)

fishtail bit locally fabricated from a section of pipe

AT LI T T O CLICITTY OO OTXY
muxmmnxmmxwrm%

flatten and shape pipe to form a fishtail cutting edge

60






Figure 35

Manual Jetting Equipment

tripod, pully, and rope

swivel

water

gasoline or

manual water pump

section line

Oy

drill bit







Figure 36

Jet Drilling a L

. ) gafliians _.A”.“.‘Q:';.'
IS S waly A Los el Tl X ) :
Local villagers gather around the derrick as drilling on
a 10 inch (25.4cm) diameter well prouresses. Sections of
bamboo Tashed to the derrick serve as a scaffold for overhead
workers who kcep the drill rod in vertical aligniment
Bruce Eaton JICCP 12)
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Figure 37

Hydra-Drill

2 cycle - "”
3 horsepower
gasoline engine

water swivel

,‘
water supply
hose

drill rod

One man may operate this equinment to denths of 50 feet
(15m). Greater depths may be attained when the engine and
drill rods are susp-aded from a tripod.
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Figure 40

Walking Beam Percussion-Jdetting Rig
used in the Fairbanks Alaska Area

Separate gasoline engines are used for the walking beam
and for the wate: pums., A drilling helper stationed on
the derrick scaffold rotates the drill rods to maintain
a vertical well.
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Figure 41 o
Details of Walking Beam Drilling Rig and Subassemdlies
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Perspective view snhowing location of rig components and a
top-mounted workhench which also serves &s a belt guard.

Components of a Simple Waiking-Beam Orilling Rig

3 horsepewer return
water
t/

belt drive

7-8 horsepower
{(pully ratio 10:1)

gasoline engine viator pump

1500 rpm | .
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wood frame - "—-(—w-~ — gl - &jIWAYJ i
walking . pr?na \ \

beam e asserhiy
disk ¢rank ) pully
30 rpu rope gulae
and tie-down
cathead cleat
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Figure 42

Exploritory Drill Hossfeld Manufacturing Co. (M-23)

water swivel — telescoping boom

drill rod

reverse circulation
discharge hose to
settling pit

power water pump ™

main reciprocating
cross-head

connecting rod
belt drive pully ——f--

belt tightener —4

76






twenty-four horsepower gasoline engine to provide power for
a hydraulic pump. The high pressure side of this pump con-
nects to a series of control valves which in turn direct the
fluid to various hydraulic motors, cylinders and jacks. The
Simco 2400 incorporates three high torque hydraulic motors,
one for the drill spindle, one for the cathead, and one for
a chain drive system which raises and lowers the rotary
drill head. The first of two additional bydraulic velves
controls a hydraulic cylinder which raises the mast. The
second valve operates a leveling jack.

The hydraulic rotary rig is well suited to ef-
fectively perform a number of rotary drilling methods such
as auger boring, jet drilling, rotary drilling and diamond
core drilling.

Auger Poring

Auger boring is accanplished by attaching a
serie« of continuous flight augers to the rotary spindle.
In a ; acess very similar to that used in hand augering, ad-
ditioi ..l augers are added to the drill string. Their con-
tinuous rotation transports drill cuttings up the helical
auger flights where they accumulate at the surface.
Frequently, small amounts of water are added to the bore
hole. This water helps to lubricate the cuger {lights re-
ducing frictional drag end also helping fo remove dry cut-
tings. High torqgues produced by the hydreulic motor enabie
the augers to easily drill to depths of 30 to 60 feet (9 to
18 meters). Once a sutficient thickness of an aquifer is
logged, the augers are quickly withdrawn and a well screen
and casing are set inside the open hole.

When a bore encounters caving sand, one of three
methods is generally used., First, the well point may be
driven by means of the cathead and a drive h-mmer. A second
method is to advance *he wull screen by washing down (or
jetting) the screen through the caving material (Figure 45).
This action is accomplished by forcing high pressure water
through a port at the bottom of a well screen. The jetting
water circulates from the pump through an internal pipe
which extends inside the casing to the base of the well
screen. After reaching the base of the well screen the
water passes through @ one way valve and washes any lcose
material away from the well point.

A third means for eliminating caving problems is
through use of hollow-sten augers. The hollow stem auger
(Figure 46) is similar to the standard helical auger, but
uses a 2 to 4 inch (5 to 10 centimeters) tubular auger
shaft. Before drilling, a cork or wood plug is placed in-
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Figure 43
Hydraulic Rotary Rig Mounted on a 1-Ton Pickup Truck
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Figure 44

General Diagram of a SIMC0-2400 Trailer Mounted

Drilling Rig
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Adapter cap

Latch bolt

Wood or cork plug

Figure 46

Hollow Stem Auger

Hexagonal pin for attachment
to rotary drill head

Latch bolts

Auger flights

Auger Bit
Carbide cutting teeth















checking the hydraulic oil and rebuilding worn bits and
augers with welding rod. A properiy maintained rig should
last at least ten years. Major repairs, which might be
anticipated, are: (1) rebuilding or replaecenent of the
gasoline rig engine after every 1,500 hours of operation
time; (2) replacement of hydraulic hoses every two to
three years.

Costs  in 1978 for replacing a twenty-four
horsepower erngine run as high as $1,500 to $1,800. A con-
plete set of hydraul ic hoses (with connectors) iay run as
much as $300.  Proper operation and preventive maintenance
procedures will extend the life of these components, saving
as much as 51,500 to $1,800 annually for replacement of ar
engine and as much as $300 annually for hydraulic lines.
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TABLE 3

Relative 1978 Purchased Drilling Equipment Costs

Solid flight augers Unit Quantity Cost
5' solid flight augers, 4 1/2" diameter $ 97.00 12 $1,164
auger bit with carbide teeth $ 63.00 2 $ 126
spare carbide teeth $ 2.10 .24 $ 50
spare wedge keepers $ 1.35 12 $ 15
spare drive pins $ 2.10 24 $ 50
auger holding fork $ 58.00 1 $ 58
TOTAL $1,464

Hollow stem augers
5 ' hollow sten auger 5" 0D 2 1/4" ID $227.00 12 $§2,724
hollow stem auger bit, $195.00 2 $ 390
spare carbide teeth $ 2.10 24 $ 50
<pare auger bolts $ 2.50 24 $ 60
auger holding fork $ 58.00 1 $ 58
TOTAL $3,282

Drill_rocs
5' size A drill-rod (1 3/4" 0.D.) $ 32.00 40 $1,280
sidefeed water swivel $165.00 1 $ 165
water pump & suction & discharge hose $300.00 1 $ 300
rod pulling ring $ 24.00 1 $ 24
carbide drag bit (2 7/8" 0.D.) $ 43.00 3 $ 129
roller bit $ 79.00 3 $ 237
TOTAL $2,135

Drive equipment - useful addition to all drilling methods
drive hammer $120.00 1 $ 120
drive head coupling $100.00 1 $ 100
drive stem $ 45.00 3 $ 135
drive ring $ 19.00 ] $ 19
//8" Manile rope $.75/ft 80 ft. $ 60
TOTAL $ 434
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10.

11.

12.

13.

14,

16.

17.

18.

19.

20.

Armco Steel Corp.

Metal Products Division
Box 800

Middletown, Ohio 45042

Bakerdrill, Inc.

P.0. Box 3641 (A,R)

San Angelo, Texas 76901

Calweld Div. of Smith Intl., Inc.

P.0. Box 2875

Santa Fe Springs, California 90670

Central Mine Equipment Co.

6200 N. Broadway (A,C,R)

St. Louis, Missouri 63147

Challenger Rig and Mfg., Inc.
P.0. Box 3984 (C,R)

Odessa, Texas 97960

. Chicago Pneumatic
Drill Division (C,R)

P.0. Box 1225
Enid, Oklahema 73701

Deeprock Manufacturing Co.

P.0. Box 870, Lafayette Parkway

Opelika, Alabama 36801

Dresser Industries
P.0. Box 718
Dallas, Texas 75221

E-Z Bore Inc.
Rt. 5, Box 145A
Toccoa, Georgia 30577

Gardner-Denver Co.
Box 26208
Dallas, Texas 75226

George E. Failing Co.

Div. Azcon Corp.
P.0. Box 872
Enid, Oklahoma 73701
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33.

34,

35.

36.

37.

38.

Roussellw Corp.

Davey Drill Rig Div. (C,R)
2310 W. 78th St.

Chicago, Il1linois 60620

Smith International
P.0. Box 1860 (A)
Newport Beach, Zalifornia 92660

Soiltest, Inc.
2205 Lee St. (A,C,R)
Evanston, I11inoic 60202

Southern ITowa Mfg. Co.

Drilling Products Division (A,C,R)
Box 448

Oscec’a, Iowa 50213

Sprague & Henwood Inc.
221 W. Olive St. (C)
Scranton, Pennsylvania 18501

Starnetics Co.

P.0. Box 8050 (A)
Van Nuys, California 91409
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