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his book is an introduction to the art and science of drilling

oilwells. While this book focuses on well drilling in the 07/ and
gas industry, it is important to note that wells can be drilled for a
variety of purposes. Not all wells are used to extract oil and gas from
the earth. Wells are also drilled to produce fresh water for irrigation
and to supply water to cities. Some wells are drilled into deep lay-
ers of rock to dispose of hazardous waste. Greenhouse gases, such
as carbon dioxide, can be captured and injected into underground
layers for permanent disposal. The same well drilling methods can
be applied to all these uses.

Drilling 7igs are large and noisy. They operate numerous pieces
of enormous equipment (fig. 1). The purpose of a drilling rig is only
to drill a hole in the ground. Although the rig is big, the hole it drills
is relatively small. The purpose of the drill hole is to zap an oil or
gas reservoir often thousands of feet or hundreds of metres below
the surface of the earth. The drill hole is usually less than one foot
(30 centimetres) in diameter at final depth.

F"-""“
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Introduction

Figure 1. Drilling rigs are large to
accommodate the size of the drilling
equipment and pipes.
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Figure 2. ConocoPhillips Britannia
platform in the North Sea

Figure 3. Drilling rig
with a mast beight of 147
feet (45 metres)

Drilling rigs can operate on land and offshore, which is the com-
mon oilfield term for drilling rigs at sea. Offshore rigs can be located
many miles (kilometres) from shore and require transport by boat
or helicopter to reach them (fig. 2).

The most distinctive characteristic of a drilling rig is the tall,
strong, structural tower called a muast or derrick (fig. 3). Derricks
must support the tremendous weight of the drilling tools, which
can weigh many rons (tonnes). Rig masts and derricks are built tall
to accommodate the long lengths of drill pipe used in the drilling
process. A mast or derrick can be as high as a 16-story building—
about 200 feet (60 metres) tall. Generally, most derricks or masts
are approximately 140 feet (43 metres) high.
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Personnel on drilling rigs have job titles unique to the industry.
Toolpusher is the traditional term for the rig boss. The term describes
the person who supervises a crew of workers and makes sure work is
done on time. In the past, the toolpusher was required to push the
crew to accomplish the work. Because drilling crews use a variety of
tools to drill, the term toolpusher was adopted. The drilling industry
now prefers to use the title 7ig superintendent or rig manager for the
person in charge. However, on the drilling rig, the 7ig hands will
still call him or her the toolpusher or, in Canada, the toolpush. Rig
hands are the workers who provide the manual power necessary to
carry out the work.

The rig superintendent informs all new hires and visitors about
the rig’s current activities and safety rules. Whether working on
a rig or visiting, everyone must wear personal protective equipment
(PPE) (fig. 4). Rig workers must wear gloves to protect their hands.
Some companies require special fire-resistant clothing or coveralls.
These special coveralls also have reflective strips on the arms, legs,
and back so personnel can be seen after dark. (See photos of work-
ers wearing PPE in Chapter 3. Cable-Tool and Rotary Drilling). A
hard hat, steel-toed boots, safety glasses, and ear plugs are also part
of the mandatory PPE on the job.

Figure 4. Personal protective equipment (PPE) includes hard hats,
gloves, bearing protection, and safety glasses.
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The rig floor is the main work area of the rig. It usually rests on
a strong foundation or substructure that raises it above the ground or
sea level. On the rig floor, the crews handle the lengths, or joints, of
drill pipe that put the bit or the hole-boring device on the bottom of
the hole. A rig floor might be as high as 40 feet (12 metres) above
the ground or 100 feet (30 metres) above sea level. Steel stairs lead
to the rig floor (fig. 5). Handrails ensure worker safety because these
exterior stairs can be slick.
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Figure 5. Steel stairways with handrails are used to get to the drilling
rig floor. Note the drill pipe on the ramp at right.
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When the rig is drilling, or making hole, there are distinctive
loud squawks or squeals from the drawworks brake as it releases more
drilling line, or slacks off, to allow the bit to drill abead. The draw-
works is a powerful hoist that regulates the weight the drill string
puts on the bit (fig. 6). Every time the friction brake bands ease the
grip on the steel hubs of the drawworks drum, there is a loud screech.
Then, more drilling line is released from the drum, which lowers
the drill pipe or drill string. By lowering the drill pipe, some of the
drill string weight is applied to the bit at the bottom of the hole.
Although a noisy process, it usually signals the bit is drilling ahead
without problems.

Figure 6. The drawworks is part of the hoisting system used to lift drill pipe into place.



A PRIMER OF OILWELL DRILLING

What happens on the drilling rig is vital to the oil and gas
industry. There are many operations besides drilling involved in
getting crude oil and natural gas out of the ground and turned into
marketable products such as gasoline and heating fuel. However,
without a simple drilled hole in the ground, oil companies could
not obtain petroleum at all.

This book identifies the people and tools used in the drilling
process and provides an overview of oilwell drilling. To understand
drilling today, a look back at the history of oilwell drilling is help-
ful.



he story of modern oilwell drilling began at the start of the
industrial revolution. Workers wanted better ways to illu-
minate their homes when they returned from the factories. The
steam-powered industrial machines increasingly used in factories

also required good quality lubricant oils.
Responding to the demand for reliable lighting, companies
began making oil lamps, which were brighter than candles, lasted <
longer, and were not easily blown out by errant breezes. The best H IStO ry
source of oil to burn in the early oil lamps was sperm whale oil.
Whale oil was clear, almost odorless, light in weight, and burned
with little smoke.
While everyone preferred whale oil, by the mid-1800s it was
so scarce that only the wealthy could afford it (fig. 7). Whalers in
the New England region of the United States had nearly hunted
sperm whales into extinction. There was a demand for something
to replace whale oil.
Oilseeping out of shallow accumulationsisa common, worldwide
phenomenon. The area around Baku, Azerbaijan, had been known
from ancient times to hold oil and natural gas seeps. The first modern
oilwell was drilled in Baku in 1846. This well was drilled to a depth
of 69 feet (21 metres). By 1872, due mainly to lamp oil demand, the
Baku area had so many wells thatit became known as the “Black City.”

Source: NOAA, Dept. oF COMMERCE

Figure 7. Whaling ships in New Bedford, Massachusetts. The barrels in the foreground are filled with whale oil.



Cable—tool drilling and rotary drilling techniques have been avail-
able since people first began making holes in the ground. Rotary
rigs dominate the industry today, but cable-tool rigs drilled many
wells in the past. Over 1,600 years ago, the Chinese drilled wells with
various primitive yet efficient cable-tool rigs, which they continued
to use into the 1940s. To quarry rocks for the pyramids, the ancient
Egyptians drilled holesusing hand-powered rotating bits. They drilled
several holes in a line and stuck dry wooden pegs in the holes. Then
they saturated the pegs with water. The swelling wood split the stone
along the line made by the holes.

Most wells today are drilled with rotary rigs based on the Hamil
Brothers’ design at Spindletop.

CABLE-TOOL DRILLING

A steam-powered cable-tool rig was used by Drake and Smith to drill
the Oil Creek site in Pennsylvania. The early drillers in California
and elsewhere also used cable-tool rigs. The principle of cable-tool
drilling is the same as that of a child’s seesaw. When a child is on
each end of a seesaw, it moves it up and down. The rocking motion
demonstrates the principle of cable-tool drilling.

"To explore the concept further, one could tie a cable to the end
of the seesaw and let the cable dangle straight down to the ground.
Next, a heavy chisel with a sharp point could be attached to the dan-
gling end of the cable. By adjusting the cable’s length so the end of
the seesaw is all the way up, the chisel point hangs a short distance
above the ground. Releasing the seesaw lets the heavy chisel hit hard
enough to punch a hole in the ground. Repeating the process and
rocking the seesaw causes the chisel to drill a hole. The process is
quite effective. A heavy, sharp-pointed chisel can slowly force its way
through rock, bit by bit, with every blow (fig. 15).

A cable-tool rig operates much like a seesaw with a powered
walking bearn mounted on a derrick. The walking beam is a wooden
bar that rocks up and down on a central pivot. At Drake’s rig, a
6-horsepower (4.5-kilowatt) steamboat engine powered the walking
beam. As the beam rocks up, it raises the cable attached to a chisel,
or bit. Then, when the walking beam rocks down, heavy weights
above the bit, called sinker bars, provide weight to ram it into the
ground. The bit punches its way into the rock, and repeated lifting
and dropping make the bit drill into the earth. The driller lets out
the cable gradually as the hole deepens. The derrick provides space
to raise the cable and pull the long drilling tools out of the hole us-
ing one of several winches called the bullwheel.

Cable-Tool and
Rotary Drilling
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Figure 15. A cable-tool rig
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A}fariety rotary drilling rigs might be used depending on the
ocation and geography of the reservoir.

Oftshore, the ocean environment plays an important role in rig
design. Rigs may be broadly divided into two categories: rigs that
work on land (fig. 25) and rigs that work offshore (figs. 26 and 27).

One type of offshore drilling facility is a platform. Although
drilling occurs from platforms, most companies use platforms for
production of oil and gas rather than for drilling. Because this book
concentrates on drilling and not platforms, more information about
platforms is available in another PETEX publication: 4 Primer of
Offshore Operations.

If a platform is designed for drilling, the rig on the platform
operates just like a land rig. Several wells can be drilled from the
same platform, and the rig is moved or skidded over to the next slot
in the platform to begin a new well.

Figure 25. A land rig

Rotary Rig
Types

Figure 26.  An offshore jackup rig

Figure 277.  An inland barge rig
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Whether on land or offshore, and regardless of size, all rigs re-

quire personnel to operate them. There are people employed

by companies involved in drilling work all over the world. They drill

wells on land and ice, in swamps, and on water as small as lakes or as

large as the Pacific Ocean. Drilling is demanding work, continuing

24 hours a day, 7 days a week, in all kinds of weather (fig. 46).

Drilling is also increasingly complex. The technical complexity I d

is so great that no single company is diverse enough to perform all PeO p e a n
the required work. Consequently, many companies and individuals

are involved in drilling a well, including operating companies, drill- C om p danies

ing contractors, and service and supply companies.

CourtEsy oF ENERMax, INc. PHoTO BY BRET BOTELER

Figure 46.  Workers on a drilling rig
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il and gas are naturally occurring hydrocarbons. Two elements,

hydrogen and carbon, make up a hydrocarbon. Because hydro-
gen and carbon have a strong attraction for each other, they form
many compounds. The oil industry processes and refines crude
hydrocarbons recovered from the earth to create hydrocarbon prod-
ucts including: natural gas, liguefied petroleum gas (LPG, or hydrogas),
gasoline, kerosene, diesel fuel, and a vast array of synthetic materials
such as nylon and plastics.

Crude oil and natural gas occur in tiny openings of buried layers
of rock. Occasionally, the crude hydrocarbons ooze to the surface
in the form of a seep, or spring. More often, rock layers trap the
hydrocarbons thousands of feet (metres) below the surface. To bring
the trapped hydrocarbons to the surface, operating companies and
drilling contractors drill wells.

NATURAL GAS

The simplest hydrocarbon is 7ethane (CH,). It has one atom of
carbon (C) and four atoms of hydrogen (H). Methane is a gas under
standard conditions of pressure and temperature. Standard pressure
is the pressure the atmosphere exerts at sea level, about 14.7 psia
(101 kPa). Standard temperature is 60 degrees Fahrenheit, or 15.6
degrees Celsius.

Methane is the main component of natural gas. Natural gas
occurs in buried rock layers usually mixed with other hydrocarbon
gases and liquids. It sometimes also contains nonhydrocarbon gases
and liquids such as helium, carbon dioxide, nitrogen, water, and
hydrogen sulfide. Hydrogen sulfide is a poison that has a detectible
sour or rotten-egg odor, even in low concentrations. Natural gas
that contains hydrogen sulfide is called sour gas. After natural gas is
produced or recovered, a gas processing facility removes impurities
so the gas can be used by consumers.

Oil and Gas:

Characteristics

and
Occurrence
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he location of the well, or drill site, varies as the surface geog-

raphy of the earth varies. In the industry’s early days, geologists
and wildcatters were able to find oil and gas in places readily acces-
sible. As people began using more hydrocarbons, the oil industry
extended its search for oil and gas worldwide. Today, companies
might drill wells in the frozen wilderness, remote desert, marshes,
jungles, rugged mountains, and deep offshore waters. A drill site is
anywhere oil and gas exists or might exist.

CHOOSING THE SITE

The operating company considers several factors when deciding
where to drill. A key factor is the company knows or believes that
hydrocarbons exist in rocks beneath the site. Sometimes, an opera-
tor drills a well in an existing field to increase production from it.
In other cases, an operator drills a well on a site where no one has
previously found oil or gas.

Where no production has occurred, a company often hires ge-
ologists and geophysicists to find promising sites (fig. 74). Geologists
and geophysicists are called explorationists because they explore areas
to determine where hydrocarbons might exist. Major companies
have an explorationist staff, while independent companies might
hire consultants or buy information from companies that specialize
in geological and geophysical data.

The Drill Site

Figure 4. Geologists working at a
prospective petroleum arvea at the Peel
Plateau in the Yukon

COoURTESY OF (GOVERNMENT OF THE YUKON. PHOTOGRAPH BY TiFFANI FRASER



Rigging up an offshore drilling rig is usually not as complicated
as rigging up a land rig. Most offshore rigs can be moved over
water with almost no need to disassemble major parts. Onsite, the
offshore rig is stabilized by placing rig supports on the ocean floor
for bottom-supported rigs or, by anchors, anchor chains, and wire
or polyester rope for floaters. Only the dynamically positioned
floaters require no additional support to stay in position during
drilling.

"To move most land rigs, crewmembers must disassemble many
of its components. Disassembly is required so the parts can be
transported to the next location and then reassembled. For safety,
rigging up usually takes place only during daylight hours. Even with
lighting after dark, there is too much heavy equipment to move
safely during rig-up.

On most land rigs during rigging up, the rig parts are put
back together so the rig can drill a hole. It involves unloading and
hooking up the rig engines, the mud tanks and pumps, and other
equipment on the site. One of the last steps, and one of the more
dramatic, is raising the mast from horizontal—the position in which
it was transported—to the vertical drilling position. The first rig
component positioned by the crew is the rig’s substructure, which
is the base, or foundation.

SUBSTRUCTURES

A substructure is the framework located directly over the hole; it
is the foundation of the rig. The bottom of the substructure rests
on level ground. The crew places a work platform on top of the
substructure called the rig floor. The substructure raises the rig
floor to approximately 10 to 40 feet (3 to 12 metres) above the
ground. Elevating the rig floor provides room under the rig for
special high-pressure valves and a blowout preventer (BOP) stack that
the crew connects to the top of the well’s casing. The exact height
of a substructure depends on the space needed for this equipment.
A cellar also provides more space for the equipment.

Rigging Up
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he main function of a rotary rig is to drill a hole in the ground,

or to make hole. Making hole with a rotary rig requires quali-
fied personnel and a large amount of equipment. There are four
main categories of equipment systems used in making hole: power,
hoisting, rotating, and circulating.

POWER SYSTEM

Every rig needs a source of power to run the hoisting, circulating,
and rotating equipment. In the early days of drilling, steam engines
powered most rigs. In the 1860s, Colonel Drake powered his rig
with a wood-fired steamboat engine. Until the 1940s and 50s, steam
engines drove almost every rig (fig. 95).

Steam is a tremendous power source. For example, steam cata-
pults are used today on modern aircraft carriers to launch aircraft.
The major problem with using steam power on drilling rigs was that
the boilers were heavy and difficult to move. Also, the steam lines
to the steam engines were heavy and withstood high pressures and
temperatures. Steam power also required large volumes of water

and fuel.
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Figure 95.  In the foreground is a coal-fired boiler that made steam to
power the cable-tool rig in the background.

Rig
Components

93



Norrnal drilling operationsinclude drilling the hole and adding a
new joint of pipe as the hole deepens. It also involves tripping
the drill string out the hole to put on a new bit and then running it
back to the bottom (making a round trip). Other key steps include
running and cementing the large-diameter steel casing used to seal
selected intervals of the hole.

DRILLING THE SURFACE HOLE

Engineers create awell planand awellbore architecture for every well
before it is drilled. A typical wellbore architectural diagram for an
onshore well is shown in figure 160. The wellbore diagram shows the
hole and casing sizes needed to drill the well to its desired depth.

Normal
Drilling
Operations

GROUND

LEVEL

150 — 2 AN

13/2" SURFACE HOLE
DRILLED TO 3500' WITH — ]

A

MUD WEIGHT = 9.2 ppg

AT 3,500'
3,500 ———— l

97/s" INTERMEDIATE
HOLE DRILLED TO

9,700' WITH MUD
WEIGHT = 12.8 ppg
AT 9,700’

A

9,700’ —)}

61/2" PRODUCTION
HOLEDRILLEDTO ——>

10,600' WITH MUD
WEIGHT = 16.3 ppg
AT 10,600’

10,600 ——— > L

16" x 1/2" WALL STRUCTURAL

—— )
DRIVE PIPE DRIVEN TO 150' OR

POINT OF FIRST REFUSAL

10%/4", 45.5 ppf, K-55, BTC
SURFACE CASING SET AT
3500' AND CEMENTED BACK
TO GROUND LEVEL

ANNULUS SPACE ABOVE THE
CEMENT IS LEFT FULL OF
DRILLING MUD.

758", 33.7 ppf, P-110, LTC
INTERMEDIATE CASING SET AT
9,700' AND CEMENTED BACK
TO 7,500

THE WELL IS LEFT FULL
OF COMPLETION FLUID.

5", 18 ppf, P-110, LTC
PRODUCTION LINER SET
FROM 9,200' TO 10,600
LINER TOP PACKER AND

HANGER SET AT 9,200’
CEMENT 9,200' TO 10,600

Figure 160.  Typical wellbore architecture
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Formﬂtion evaluation is the process used by operators to determine
if rock layers contain hydrocarbons. Formation evaluation can
determine if sufficient quantities of hydrocarbons are present and
if the rock has enough permeability to allow a commercial comple-
tion. The techniques addressed in this chapter are the examination
of cuttings and drilling mud, well logging, drill stem testing, and
coring.

EXAMINING CUTTINGS AND DRILLING MUD

One of the oldest formation evaluation techniques is to simply look
at the cuttings and the drilling mud returning from the bottom of
the hole (fig. 200). A geologist or trained technician who examines
the returning drilling mud and cuttings is called a mud logger.

The rock type can be identified from the cuttings. This is
important because reservoirs typically fall into broad categories
by rock type. For example, reservoir rocks are often sandstone and
limestone, which develop the correct combination of porosity and
permeability needed to contain hydrocarbons and allow them to flow.
A rough idea of the porosity of a rock can be determined by viewing
cuttings under a microscope. If a rock contains oil, trace amounts
of oil will coat the cuttings even after they have been circulated in
drilling fluid and brought to the surface.

Oil is a polarizing compound. It will have a fluorescent shine
when viewed in a black light box. The oil stain on cuttings can be
confirmed by flushing the oil off the cuttings with a solvent. The
streaming solvent will also fluoresce under the black light. In this
way, an oil stain can be differentiated from other rock mineral that
might also fluoresce. Using this method to determine the presence
of oil does not work if an oil-based mud is used as a drilling fluid.

Figure 200. A bandful of cuttings made by the bit
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Formation
Evaluation
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Once the formation evaluation is done, the operator must decide
if the well should be completed as a producing oil or gas well.
If the well does not contain hydrocarbons, or not enough to pay for
the completion, the well will be plugged and abandoned (P& A).

PLUGGING AND ABANDONING A WELL

ToP&A awell, the drilling rig pumps several cement plugs through the C O m I eti n
drill pipe. The cement plugs are used to isolate and seal unprofitable
hydrocarbon zones from nonhydrocarbon-bearing zones and to seal th e Wel I

freshwater zones from saltwater-bearing zones. The intervals between
cement plugs are left full of drilling mud. At this time, it might be pos-
sible to cut off and recover some of the intermediate casing string (if
one is present) for use in other wells. The surface casing string is always
left in place and sealed at the bottom and top by either cement plugs
or a combination of mechanical and cement plugs. The surface casing
will be cut off below the ground level or mud line and a cap placed on
the stub. If the well is on land, the well site will be environmentally
restored after the drilling rig has been moved off the location.

COMPLETING A PRODUCING WELL

The drilling rig is used to run and cement production casing as
described previously. The blowout preventers are removed and a
production wellhead is attached to the top of the casing. The pro-
duction wellhead seals the tops of the various casing strings in the
well, provides a place to suspend and seal production tubing as needed,
and provides the valves that control flow out of the well. Figure 209
shows a typical land wellhead or Christmnas tree.

Figure 209.  This collection
of valves and fittings is a
Christmas tree.
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here are several special operations used in oilwell drilling:
directional drilling, fishing, and well control.

DIRECTIONAL DRILLING

No well is ever perfectly vertical. Even wells meant to be drilled
vertically will wander a few degrees from vertical and move in dif-
ferent directions. Routine measurements are taken during drilling
to determine if a well is deviating from vertical by more than the
allowed amount (normallyless than 5 degrees). If so, careful drilling
practices, such as changing the placement of stabilizers in the BHA
or adjusting the rotary speed or weight on bit, will bring the well
back within the tolerances normally allowed for vertical wells.

Directional drilling is used when a well is intentionally devi-
ated to reach a bortombole location (BHL) that is different from the
surface location (SL). Directional drilling is done for many reasons.
The BHL might be under an obstruction such as a building or
lake where rigging up over the required BHL is not possible. It
might be necessary to drill several wells from a fixed place, such
as an offshore platform or an onshore drilling island (fig. 215), to
different bottomhole locations.

Part of an existing well might become blocked with lost drill-
ing tools that are unrecoverable, or a well might have been drilled
into an unproductive part of the reservoir. It is possible to set a
plug in the lower part of the well and deviate, or kick off, the well
to a new BHL. Some reservoirs are more efficiently produced by
wells drilled at a very high angle. These wells are known as hori-
zontal wells because the inclination angle from vertical reaches 90
degrees or more.

Older directional drilling methods placed inclined wedges,
called whipstocks, in the well to force the bit to move in the de-
sired direction. In soft sediments, it is possible to place a large bit
nozzle or jet in the desired direction and simply erode the well’s
starting path. Although time consuming, these methods are still
used at times.

The two faster and often more reliable methods of directional
drilling are:

Slide drilling with a motor

* Drilling with a rotary steerable assembly

13

Special
Operations

Figure 215.  Several directional wells
tap an offshore reservoir.
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Safety training is part of everyday life for all hands on a drilling
rig. There are safety meetings at the beginning of every tour
and before each new part of a job. Outside training, such as well
control schools and helicopter safety training for offshore crews, is
also required for drilling personnel. The equipment used to drill
a well is technical and complex, and those who run the equipment
must be well trained.

"The International Association of Drilling Contractors (IADC)
keepsalistof detailed statistics on accidentratesin the drilling industry.
The annual statistics can be viewed at IADC’s Web site (www.iadc.
org). One statistic is the total number of any type of accident that
occurs for every one million man-hours worked. This number has
declined slightly from 2002-2007 at an average of 11.16 accidents
per one million man-hours worked. A normal number of hours one
person might work on a drilling rig is about 3,100 man-hours in one
year. So, a five-person crew will work roughly 15,500 man-hours in
one year. Using the average accident rate shown above, the number
of accidents that might be estimated to occur in one year in the five-
person crew is 0.18 or less than one. This calculation suggests the
average drilling crewmember is a safe worker.

"The total number of man-hoursactually worked in the worldwide
drilling industry is enormous and increases as more rigs are added
to the world fleet. Table 3 shows the annual man-hours worked and
the total accident frequency rate from the IADC data base. Although
safety can always be improved, these statistics suggest the industry
is becoming safer because the accident rate has decreased with the
increasing work time.

Table 3

14

Rig Safety and
Environmental

Concerns

IADC Annual Work Time and Accident Statistics

Year Total Man-Hours Accident Frequency Total Accidents
2007 446,335,455 10.24 4,572
2006 418,954,216 10.85 4,547
2005 369,693,317 11.72 4,332
2004 336,122,663 11.29 3,794
2003 301,959,960 11.16 3,369
2002 281,350,992 11.72 3,297
Source: JADC
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D rilling has developed into a specialized and technologically
advanced business. The size of the equipment is enormous.
The technical challenges to overcome as wells become deeper and
are drilled inincreasingly hostile environments are equally enormous.
The technology of the most advanced drilling rig is computer-
controlled and can be monitored from any office in the world. The
guidance systems used in directional drilling rival those found on
modern jet aircraft or spacecraft.

The energy business is the largest business in the world. This
will continue because the standard of living in most countries is
now tied to the ability to find and use energy efficiently. Well drill-
ing continues to be an important part of the efficient use of energy,
regardless of whether the well is producing hydrocarbons or water,
or permanently disposing wastes by injecting them into deep layers
in the earth.

The drilling industry must have people who are trained, moti-
vated, and, most importantly, interested in the business, the science,
and the art of drilling.

15

Conclusion

191



	Title Page
	Table of Contents
	Figures
	Tables
	Preface
	About the Author
	Chapter 1: Introduction
	Chapter 2: History
	Chapter 3: Cable-Tool and Rotary Drilling
	Chapter 4: Rotary Rig Types
	Chapter 5: People and Companies
	Chapter 6: Oil and Gas: Characteristics and Occurrence
	Chapter 7: The Drill Site
	Chapter 8: Rigging Up
	Chapter 9: Rig Components
	Chapter 10: Normal Drilling Operations
	Chapter 11: Formation Evaluation
	Chapter 12: Completing the Well
	Chapter 13: Special Operations
	Chapter 14: Rig Safety and Environmental Concerns
	Chapter 15: Conclusion
	Appendix 1: Units of Conversion
	Appendix 2: Figures and Table Credits
	Glossary
	Index



