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Isometric plan of a rig
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Rotary hose; 11—Derrick leg; 12-—Small rat hole; 13-—Drrill floor; 14—Derrick base; 15—Rotary transmission; 16—Filliing mud line; 17
-—Ladder; 18—Sloping slab; 19—Basement; 20-—Big rat hole; 21—Hydraulic brake; 22—Buffle chamber; 23-—Drawworks base; 24—
Compouding transmission; 25—Engine platform; 26—Pump drive; 27— Drilling pump; 28—Mud line; 29-—Mud preparation system; 30—
Water supply line; 31—Suction line; 32—Mud pit; 33—Fixed mud gun; 34—Junction hose; 35—Air drome; 36—Settling pit; 37—Mud
gun; 38-—Shaking screen; 39—Power package; 40—Drawworks actuating system; 41—Mud ditch; 42—Drawworks; 43—Rotary table; 44
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1 Rotary Rig and Its
Components

1.1 Introduction

A rotate drilling rig' may be thought of
as a factory, or a manufacturing plant. It is
designed to produce only one product-namely,
hole. A rig differs from other manufacturing
facilities, however, in that it is transitory-that
is, it must be moved frequently. Thus, a rig
could be designed to manufacture more hole if
the essential feature of portability’ did not
have to be built in.

This requirement of portability places a
limitation on rig design, both as to weight and
as to the size of each component. The total
weight of the rig is a factor when planning
overland® moves, but the weight of each part
of the rig is even more important. No single
component—such as the drawworks, which is
a relatively large piece of machinery used to
hoist pipe in and out of the hole —can weigh
over a certain amount based on truck and
highway limitations of gross weight. The rig,
therefore, must be rigged down, or
disassembled, for a move in such a way that
weigh limits are not exceeded by any single
component or subassembly* of equipment.

The customary unit of measure of rig
production-or manufacture of hole-is the foot.
In many parts of the world the meter is used in
place of the foot; a meter equals about 3.3
feet. The foot is a convenient unit by which to
measure the product of a drilling operation
and pay the contractor who made the hole. It
is a fact of life in the drilling industry,
however, that the cost per foot of making hole
varies directly in relation to the depth at which
the foot is drilling. The deeper the hole, the
more costly is each additional foot drilled.

An individual or a group of individuals
known as a drilling contractor owns most rigs.
However, companies engaged in finding,
producing, or refining petroleum own most
holes, or wells. These companies are often
called operators or operating companies; the
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Rotary Rig and Its Components

operator hires, or contracts, the drilling
contractor to drill the well. From the operator’s
point of view, a more appropriate unit of
measurement for drilling is the well, not the
foot. A well may be thought of as that number of
feet required to reach the objective for which the
contract was issued. An unfinished well,
however deep it may be, has no more value to
the operator until the last foot is made than a
new automobile has before the last part is put in
place. Therefore the oil operator usually
contracts to pay a certain sum per foot of hole
when, and only when the well is completed to a
specified depth. Sometimes, in special cases,
drilling contracts are drawn on a daywork basis,
which means that payment is made for each day
the rig is used, plus certain extras.

The contractor must provide equipment
and machinery of sufficient strength and power
to drill to the specified depth, be it 2,000 or
20,000 feet. Both the operator and the contractor
are interested in such details as the time required
for completing the job; the safety of the
equipment, property, and personnel throughout
the operation; and the ability of both the men
and equipment to do acceptable work.

1.2 Interrelationships of Rig
Components

Fig.1-1 shows the relationships of major
components that make up a rotary drilling rig.
These components work together to
accomplish the three main functions of all
rotary rigs-that is, the functions of the
hoisting, circulating, and rotating systems.
1.2.1 Hoisting system

The mast or derrick supports the hook’®
and elevators® by means of the travelling
block, wire line, crown block, and
drawworks’. The drawworks are powered by
prime movers-which are usually two, three, or
even four engines—to raise or lower drill
stem so that the bit® can drill.

1.2.2 Circulating system

When drilling is in progress, the
components of the hoisting system along with
the mud pump and prime movers’ are used to
circulate drilling fluid from the mud pit
through the standpipe’®, rotary hose, swivel'',
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Exercise

1. Why the number of drilled well is
selected as a better measurement for drilling
than the feet ?

2. What limitations are produced by the
portability of a rig?
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kelly'?, drill pipe'* and drill
collars' to the bit. The
drilling fluid is a special
liquid or sometimes air or
gas. Cuttings are flushed
from the bottom of the hole
up the hole to the surface,
thus providing a clean place
for the bit to work.

1.2.3 Rotating system

The rotary table!
powered by the prime
movers, is turned to rotate
the kelly, which it is lowered
through the kelly drive
bushing'®. The rotation of
the kelly causes the bit to
turn and make hole. The
kelly, of course, is supported
by the hoisting system, and
circulation is maintained by
the circulating system.

The interaction between
the bit and the formation in
which is making hole guides
the driller in using the rest of
the rig to make hole more
effectively. To evaluate the
performance of the rig, the
driller must observe the
following;:

1) the rate of rotation
by the rotary table;

2) the weight applied
on the bit by the drill stem;

3) the rate of circulation
and the pressure applied on
the circulating fluid by the
mud pump;

4) the timing of the withdrawal of the
dull bit and the replacement of it with a new
one. (Normally the bit is replaced only when
it ceases to make hole effectively-that is,
when the bit wears out and is in a dull
condition.)

Fig.1-1

1

Exercise

1. What are the major functions of a
rotary rig?

2. Describe the relationship among the
three main systems of a rotary rig by
observing the Fig 1-1.

Systems and components for a rotary drilling rig
1—Crown; 2—Traving block; 3—Hook; 4—Swivel; 5—Kelly; 6—Drawworks;
7—Raotary table; 8—Blowout preventer; 9—Bit; 10—Mud; 11—Drill collar;
12—Drill string; 13—Borehore; 14—Surface casing; 15—Mud ditch;
16—Mud pit; 17—pulsation dampener; 18—Mud pump; 19—Engine
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Rotary Rig and Its Components

1.3 Rotary Drilling Bits

In the final analysis, the bit is the only part
of the rotary-rig equipment that actually makes
hole. Thus, all other equipment on a drilling
operation may be thought of as auxiliary to the
bit. This is not to suggest that the bit can make
hole alone. Nevertheless; the bit is the mast!’
critical item of a rotary operation. It is by far the
most refined of the rotary rig tools—that is, it is
available in more style and is more highly
specialized for every condition of drilling than
any other tool on the rig.

To select a bit, some information must be
known about the nature of the rocks to be
drilled. This information always includes a
factor of depth in the earth because general
rock hardness (and sometimes abrasives)
increases with hole depth. After selecting the
bit sizes required, the best types of bits may
be determined according to the rock formation
anticipated.

In the vernacular'®, to make hole means
that the bit is set on the bottom and turned to
the right. But not just any bit will do-it must
be a bit designed with a particular type of
drilling mind.

Because the bit is the key component of
rotary drilling, the question asked more often
than not by the drilling contractor about a well
on which he is about to bid is “How many bits
will be used?” The answer not only gives him
one item of direct cost—the cost of the bits-
but also is useful in estimating the number of
days required to drill the well and total cost to
the contractor.

Exercise

1. Tell the reason why the other
equipments on a rig can be regarded as the
auxiliary devices of the bit.

2. What is the basis of choosing a bit?
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1.4 Drill Stem

The drill stem'® consists of three main
components: drill collars, which are heavy,
thick walled, hollow steel tubes; drill pipe,
which like the drill collars, is a hollow steel
(sometimes aluminum) tube although not as
heavy as the collars; and a kelly, which is a
hollow, square or hexagonal-sided”® length of
steel tubing. Put another way, the drill collars,
drill pipe, drill-pipe tool joints-devices used to
connect length of drill pipe together-and kelly
comprise the drill stem.

The following are the principal functions
of the drill stem.

1) It lowers the bit into the hole and
withdraws it. However deep the bit may
penetrate in the process of manufacturing hole, it
must be placed at that depth by the drill stem.

2) Part of the drill stem (the drill collars)
puts weight on the bit so that the bit can
penetrate the formations more effectively.
(The drill-pipe portion of the drill stem should
never be used to put weight on the bit. If drill
pipe is used to add weight, rapid failure of the
pipe is certain.)

3) It transmits a turning, or rotating,
action (torque) to the bit. As a driller might
say, “It turns the bit to the right.” (Bits are
always rotated clockwise when drilling
hole.) Thus, the drill stem is a drive shaft?!
driven by a device on the rig called the
rotary table.

4) It conducts the drilling fluid under
pressure from the surface to the bit. (The
drilling fluid can be a special liquid or air or
gas.) Thus, the drill stem is also a vertical
conduit, or pipeline. '

It is very important for all members of the
drilling crew to handle and maintain the
components of the drill stem properly and safely.
Drill collars are heavy, for instance, one collar
may weight 1.5 tons. Obviously, handling that
much weigh calls for care. Further, when the
drill stem is placed in the hole with the bit on
bottom to make hole, it is put under tremendous
stresses—stresses that come from the turning
action and from the tremendous weight of the
drill-stem components. If the drill stem is not
kept in the best possible condition, not much
time passes before the manufacture of hole
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Rotary Rig and Its Components

comes to an abrupt and unwelcome halt because
of drill-stem failure.

Nevertheless, wells of 20,000 feet or
more are drilled routinely every day, and
depths of 30,000 feet have been achieved.
Obviously the crews who drill these wells run
and handle their drill-stem equipment
properly to take advantage of the modern
technology that makes such depths possible.
Good handling and running practices are very
important to modern drilling.

1.5 Kelly and Swivel

The upper end of the drill pipe terminates
where the topmost length, or joint, of the pipe
screws?? onto a device called a kelly sub, or a
saver sub. The sub is a short, connecting
fitting that screws onto the bottom of the
kelly. The bottom threads on the sub mate
temporarily with the threads on the top of
each length of drill pipe that is added to the
stem. The sub saves wear on the threads of the
kelly. When the threads on the sub become
worn, it is replaced or rethreaded.

The drill stem was referred to earlier as
both a drive shaft and a pipeline. The kelly is
the upper terminus of this drive shaft and
pipeline. The kelly is about 40 feet long. It is
either square or hexagonal on the outside and
is hollow throughout its entire length to
provide a passage for the drilling fluid. Its
outer surface engages corresponding square or
hexagonal surfaces in the drive bushing. The
rotary activates the drive bushing, which in
turn rotates the kelly, The kelly moves freely
up or down through the drive bushing even
when the bushing is rotating.

A swivel is shown in Fig.1-2. This is a
remarkable mechanical device. The swivel
does not rotate, but it supports the Kelly,
which does. Furthermore, the entire load of
the drill stem is carried by the swivel
whenever drilling is in progress. In addition,
drilling fluid is introduced into the drill stem
through the swivel. This fluid may be under
pressure exceeding 3,000 pounds per square
inch (psi). The fluid comes in through the
gooseneck?®, a curved pipe that connects the
swivel to a hose carrying the drilling fluid
from the mud pump. The fluid then passes

6

Exercise
1. How many parts does the drill stem
consist of ?

2. What is the function of the drill stem?
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Fig.1-2 Swivel Structure
1—Shell; 2—Main bearing; 3—thrust bearing; 4—Upper alignment bearing; 5—Bolt;
6—Rubber diaphragm; 7—Packing box of wash-down pipe; 8 —Packing box of upper
wash-down pipe; 9—Gland ring of upper packing box; 10—Seal element; 11—Top cap;

12—Swan neck; 13—nipple joint; 14—Detent ring; 15—Packing box of upper wash-
down pipe; 16—Bail; 17—Washing pipe; 18—Packing of wash-down pipe; 19—Upper
oil-scaling gland; 20—Upper oil packing; 21—Ring gasket; 22—Pin; 23—Central pipe;
24—Lower alignment bearing; 25—Cock; 26—Lower oil packing; 27—Asbestos sheet;
28—Attaching connector; 29—Gland
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through the wash pipe, a vertical tube in the
center of the swivel body, and into the kelly
and drill stem. To summarize its purposes, the
swivel 1) supports the load of the drill stem,
2) allows rotation of the drilling assembly, and

Exercise

1. Why is the kelly made as a hollow pipe?
2. The swivel keeps rotating in drilling,

true or false?
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3) provides a passageway for fluid under high
pressure to enter the drill stem.

1.6 Rotary

The rotary is the piece of equipment on a
rotary rig that gives the rig its name. Prior to
the introduction of this type of drilling
equipment, percussion drilling—the cable-tool
system—was in universal use. To make hole,
the cable-tool rig literally?* hammered” the bit
into formations. No rotating was involved.
The rotary rig gives the drilling tools their
rotary motion; the unit of the rig that gives
this movement is the rotary.

The rotary is an extremely rugged and
elementary machine that is distinguished
primarily for its ability to withstand
punishment and give long service. Operating
through drive bushings, the rotary rotates the
kelly and, through it, the drill stem and the bit.
The kelly drive bushing may be driven by a
square opening in the rotary table or by four
pins that fit into openings in the table.

The rotary serves two main functions: 1)
to rotate the drill stem and 2) to hold devices
called slips that support the weigh of the drill
stem when the latter is not supported by hook
and elevators.

The rotary drive generally consists of a
rotary-drive sprocket’® and chain, the rotary
drive sprocket being a part of the drawworks.
However, an independent engine, or an
electric motor with a direct drive to the rotary
is also used on many rigs. In such case, the
rotary is driven by a drive shaft rather than by
chains and sprockets.

1.7 Blocks and Wire Line

The travelling block?, crown block?,
and wire line are the three components whose
function is to connect the supporting derrick
or mast with the load of pipe to be lowered
into or withdrawn from the hole. During
drilling operations, this load usually consists
of the drill pipe and drill collars, with the bit
attached to the bottom of the drill collars.
However, a string of special pipe called
casing?, which is often a heavier load than the
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Exercise
1. What is the role of the rotary?

2. What is the driver of the rotary table?
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