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1-1.1 A cross section of the Earth shows its inner and outer cores, the

mantle, and the crust. 10 F igu reS

1-1.2 The relative positions of the continents as they have changed over
the past 225 million years 11
1-1.3  Oceanic crust is heavier than continental crust. 12
-1.4  Geologic formations of crust are exposed above the surface as
shown in Carbon Creek in Grand Canyon National Park in
Arizona (United States). 12
1-1.5  The Mid-Adantic Ridge is an example of two plates moving apart,
forming new oceanic crust as lava rising from beneath the plates

hardens. 13
1-1.6  Along the Pacific coast, the North and South American continental

plates are forcing the Pacific plate downward. 14
1-1.7  This photo of the Sheep Mountain Anticline shows deformation

of the Earth’s crust by the buckling of layers into folds. 15

-1.8  Geologists group folds into anticlines and synclines. 16

1-1.9  Geologists further divide anticlines and synclines by how the

folds tilt. 16

1-1.10 A dome might be elongated (A) or circular (B) and some have
an intrusive core of salt or other type of rock that pushes up the

surrounding rock. 17
1-1.11 A basin is a broad inward dipping feature often tens to hundreds

of kilometres across. 17
1-1.12  This view of the San Andreas Fault in California shows a distinct

fault line. 18

1-1.13  Several common types of faults are normal dip slip (A), reverse or
thrust dip slip (B and C), lateral or strike slip (D), overthrust (E),

and growth (F) faults. 19
1-1.14 Two landscape features formed by faults are the graben (A) and the

horst (B). 20
1-1.15  Geologic time 21

1-1.16  The weight of overlying sediments and water compacts sediments
along with minerals in water creates different cements that alter

the rock. 22
1-1.17  Contact and regional metamorphism. 23
1-1.18 The rock cycle changes rocks from one type to another. 24
1-1.19  Abundant sea life helped form petroleum beneath the ocean floor. 25
1-1.20 Increasing pressure also cause temperatures to increase. 26
1-1.21  As the rock reaches a temperature of 150°F (66°C), the kerogen

begins recombining with hydrocarbon molecules. 27
1-1.22 'When reservoir rock is magnified, its porosity can be seen. 27
1-1.23  When reservoir rock is magnified, its porosity can be seen (blue

regions between grains). 28
1-1.24  Arock is permeable when the pores are connected. 28

1-1.25  Basic types of hydrocarbon traps, including (A) anticlinal, (B) fault,
(C) unconformity, and (D) impermeable barriers, such as shale

surrounding sandstone. 30
1-1.26 Common types of structural traps (shown as dark areas) are fault,

anticlinal, and dome plug traps. 31
1-1.27  Oil accumulates in a dome-shaped structure (A) and an anticlinal

type of fold structure (B). 32
1-1.28 A nonporous salt mass has formed dome-shaped traps in

overlying porous rocks. 32
1-1.29  Discontinuous peripheral traps form around a piercement salt

dome. 33
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1-1.30  Gas and oil are trapped in a fault trap—a reservoir resulting from

normal faulting or offsetting of strata. 33
1-1.31 Structure contour maps show simple (A) and compound (B)

faulting. 33
1-1.32 A change of permeability within a rock layer can form a trap. 34
1-1.33  Common types of stratigraphic traps 34
1-1.34  Oil is trapped under an unconformity. 35
1-1.35 Lenticular traps are often formed in buried river sandbars. 35
1-1.36 ' When hydrocarbons are layered in a reservoir, the water is on

the bottom and the gas on the top. 36
1-1.37 Bottom water is below the petroleum in a reservoir (A), and

edgewater is at the edge of the oil zone (B). 37
1-1.38  Wetting water usually coats the grains of the reservoir rock. 37
1-1.39  Solution gas stays in solution until a well is drilled into the

reservoir. 38
1-1.40 Free gas forms a gas cap. 38
1-1.41 When the petroleum reservoir has a connection to the surface,

the pressure is considered normal. 40
1-1.42  Abnormal pressure can occur in formations outcropping higher

than the rig elevation. 41
1-2.1  Landsat photos such as this are received by remote sensing

systems and processed by computers. 44
1-2.2 Seeps are located either updip or along fractures. 45
1-2.3  Oil and gas naturally rise towards the Earth’s surface wherever

there is a way up as it did in New Zealand. 45
1-2.4  Seismic exploration takes geophysicists from the jungles of

India (top) and the freezing plains of Alaska (bottom). 47
1-2.5 A seismic section indicates boundaries between formations. 50

1-2.6 A 3D seismic image is a cube that shows the types of rock,

their depths, and whether a trap with hydrocarbons is present. 51
1-2.7  4C seismic sensor for deep-water geophysical exploration 52
1-2.8  Engineers have developed mechanical impactors and vibrators

to create seismic waves that penetrate down into rock layers to

be recorded on the surface. 54
1-2.9  The Thumper drops a 6,000 pound steel slab (surrounded by

safety chains to warn personnel) 9 feet to strike the earth and

create shock waves. 54
1-2.10 'The Vibroseis truck has a vibrator mounted underneath it that

creates low-frequency sound waves. 55
1-2.11  Geophysical vessels can log hundreds of thousands of miles of

geophysical data. 56
1-2.12  Seismic operations at sea use sound to create shock waves that

have reflections that are picked up by hydrophones. 56
1-2.13  Onboard computers allow geologists to analyze the seismic data

as it comes in. 58
1-2.14 A well log is examined for indications of the presence of

hydrocarbons and other fluids in a formation. 59
1-2.15  SP and resistivity logs record natural and induced electrical

currents. 61

1-2.16  An acoustic (sonic) log is a curved line that moves horizontally
to show the speed of the sound waves and vertically to show the

depth. 62
1-2.17 This technician is marking the well core to maintain the order
in which pieces came out of the ground. 63
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"This coring bit drills out a slender column of rock.

"This stratigraphic cross section shows the presence of sand

at various depths over an area of several thousand feet.

A structure contour map shows the depth of a formation from
the surface.

Isopach maps show the thickness of formations based on
microlog surveys.

Vertical cross section

Geoscientists rely on computerized images to indicate whether
and where to drill.

Maps integrate data to provide clear pictures of geological
features.

Computer operators can enhance Landsat, seismic, and other
graphics to create three-dimensional images in color to
highlight certain features.

A block diagram represents a section of the Earth showing
subsurface strata and surface topography.

In most oil-producing nations outside the United States, the
mineral rights are owned and controlled by the government.
Of the produced worldwide, most rights to the mineral
resources are in the hands of central governments.

Oil and gas production on federally owned land in the United
States from 1996-2001

A Texas General Land Office bid application for mineral lease
of state land.

Map showing land ownership in the state of Alaska
Management of U.S. federal government lands.

Government owned offshore land in the United States
Government mineral-ownership map of Pinedale Resource
Management site in Pinedale, Wyoming

An oil, gas, and mineral lease in Texas (United States)

A landman’s job

Deed records in courthouse establish property ownership.
County records show unbroken title chain over time.

Sample runsheet mapping the ownership of mineral rights.
An 1835 land patent in Ralls County, Missouri, signed by U.S.
President Andrew Jackson

Abstract of title traces the history of ownership of a property
Hurricane Katrina in the Gulf of Mexico, August 28, 2005,
resulted in force majeure delays for the petroleum industry.

A farmout on two blocks of Libyan oil and gas basins was
acquired by Canadian Occidental Petroleum Ltd. from Bula
Resources (Jersey) Ltd., Dublin.

Oilwells in Baku, Azerbaijan, in the late 1800s

Edwin L. Drake and his good friend Peter Wilson in front
of the historic Drake well in 1861
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2 million gallons of oil per day.
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2-1.8  Rotary drilling at Spindletop revolutionized the drilling

industry. 118
2-19  Aypical 1920 oilfield of drilling and production operations 119
2-1.10  Drilling fluid, or mud, circulates down through the pipe, out

through the bit, and back up the hole. 119
2-1.11 Arotary rig 120
2-1.12  Closeup of metals taken with a high-powered microscope:

etched cast iron microstructure (left) and alloy steel 4140

quenched and tempered martensite (right) 122
2-1.13  Example of a stress vs. strain curve 123
2-1.14  Corroded pipe (A) and magnified corrosion pits (B) 125
2-1.15 It takes a well-trained, highly skilled crew to run a drilling

operation. 127
2-1.16 Modern land rig 131
2-1.17 Modern offshore rig 132
2-1.18  Schematic of rotary land rig with drill stem and bit on the

bottom of the drilling hole. 132
2-1.19  Similar to the action of a drilling winch, a windlass hoists a

bucket with water from a well. 133
2-1.20 The hoisting system of a rotary rig is shown without the

derrick. 133
2-1-21 A derrick has four distinct legs. 135
2-1.22 A mast being transported. 135
2-1.23  Transocean’s Discoverer Spirit drillship with dual-activity

derricks 136
2-1.24 'This supply reel mounted on the derrick floor supplies

wire rope for the rig. 137
2-1.25 Dirilling line passes through the sheaves (top) and the

traveling block (bottom). 138
2-1.26 A deadline anchor on the rig’s substructure holds the

deadline in place. 139
2-1.27 The drawworks on the rig floor contains the drum and other

equipment in a steel housing unit. 139
2-1.28 'The drilling line on the drawworks 140
2-1.29  The driller’s console controls the power, transmission, and

brakes of the hoisting system. 141
2-1.30  Makeup cathead attached to a catshaft 142
2-131 'Tongs 142
2-1.32  An air hoist moves heavy equipment around the rig floor. 143
2-1.33  Schematic of rotary table equipment from the surface to the

bottom of the hole 145
2-1.34 The hook on the bottom of the traveling block is about to be

latched onto the bail of the swivel. 146
2-1.35 The kelly passes through the kelly bushing, which fits into the

master bushing of the rotary table. 147
2-1.36 Various designs of slips have gripping dies that keep pipe and

casing from falling into the hole. 148
2-1.37  With the drill string in the slips, the top drive is hoisted into

position to pick up a new stand of pipe. 149
2-1.38 Floorhands set the lower end of the stand of pipe off to one

side of the rig floor. 150
2-1.39 Crewmembers latch onto drill pipe with breakout tongs. 152
2-1.40  Drill collars racked in front of drill pipe on the rig floor 154
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"Tool joints are threaded connections like the pin-ends in this

photo. 155
"Tool joints have a pin connection and a box connection. 155
Roller cone (A) and diamond bits (B) 156
Each cone of a roller cone bit rotates on its axis. 156
Each cone rotates on ball and roller bearings (A) or journal

bearings (B) or both. 157

The circulating system consists of a number of components,
all of which serve to get mud down the hole and back to the

surface. 158
The mud pump pumps drilling fluid into the hole. 159
Dirilling rig floor 160
A shale shaker removes cuttings carried to the surface by the

mud. 161

Additional circulating equipment can include a degasser, desilter,
and desander, located over the mud pits downstream from the

shaker. 162
Three diesel engines power this rig. 164
Three diesel engines and the compound send power to the
drawworks and mud pumps. 165
This diesel engine drives an alternating current electric

generator. 166

Controls in the SCR house where AC electricity is converted to the
correct DC voltage for the many DC motors powering this rig. 166

SCR electrical power system diagram 167
Motor-driven drawworks 168
Powerful electric DC traction motors driving the drawworks 168
Reserve pit 169
A concrete pad to support the substructure surrounds this cellar. 170
This rathole is storing the kelly when it is not being used. 171
A mast is raised to the upright position using the drawworks. 172
This heavy-lift vessel is transporting this rig to its offshore

location. 173
Making a connection with a kelly 174
Making a connection with a top drive 175
While tripping out with a rotary table system, the kelly and

related equipment rest in the rathole. 177
The open elevator has a latch and comes in several sizes and

weight ratings. 177
Standing on the monkeyboard high in the mast, the derrick-

hand guides a stand of pipe into the fingerboard. 177
Several centralizers and scratchers are installed on the casing

to aid in cementing. 180
The guide shoe is made up on the bottom of the first joint of

casing to go into the hole. 180
Casing stacked for use in this drilling operation. 181
The crew runs surface casing into the hole. 181

"This diagram of a casing cementing job shows the route of the
slurry as well as the role played by the various cementing

accessories. 183
After the cement hardens, tests indicate whether the cement has

bonded with no voids between the casing and hole. 183
Crewmembers making a connection 184
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The first mobile drilling rig was a posted barge submersible

designed to drill in shallow water. 205
Types of MODUs 206
When flooded, the bottles cause a bottle-type submersible to

rest on the seafloor. 207
A concrete island drilling system features a reinforced concrete
caisson with a steel base. 207
The hull of a jackup is raised well above the water surface

before drilling begins. 208
An inland barge rig at work 209

The Deepwater Pathfinder drillship travels to a remote drill site. 210
Dynamic positioning systems use global positioning systems

(GPS) and hydrophones to measure the vessel’s position and

send computer-controlled commands to thrusters to hover

over the wellhead. 211
Dynamic positioning systems have computerized controls on

board the vessel. 211
A semisubmersible drilling unit floats on hulls that are flooded

and submerged just below the water surface. 212

A column-stabilized semisubmersible rests below the waves and
waterline while drilling. 213
A self-contained platform such as the Thunderhorse in the

Gulf of Mexico houses drilling and production equipment and
facilities for the crew. 214
Constructed on its side, and loaded onto a transportation and
installation barge, this jacket will be towed offshore and

launched at the installation site, and set using a derrick barge. ~ 215
A large crane hoists a deck section onto the jacket. 215
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A concrete gravity platform is so heavy that gravity holds it
in place.

These steel-caisson platforms rest in the Cook Inlet of Alaska.
This relatively light-weight jacket of a guyed-tower platform
is supported by several guy wires and clump weights.

Steel tendons are kept in tension by the buoyancy of the
platform on a tension-leg platform.

The Genesis spar platform in the Gulf of Mexico

Deviated wells can reach places conventional straight wells
cannot.

Several directionally drilled wells can tap multiple reservoirs.
Qatar’s largest offshore oilfield: Al Shaheen

Some of the applications of directional wells

A long section of a horizontal well can pass through the oil in
the reservoir.

This horizontal well reaches several oil-containing vertical
fractures.

Drill collars placed at the end of the drill string in a horizontal
well would not add weight to the bit.

Here, the drill collars are below the vertical section of pipe
and above the horizontal section.

Mud motor section showing the flow path and the shaft
(rotor) and housing (stator).

Bent sub

Steerable motor

Three-dimensional well

Push-the-bit rotary steerable

Point-the-bit rotary steerable

Types of multilateral well architectures

Multilateral wells TAML classification

Limits of mud density in a well

In some wells, the pore pressure approaches the fracture
pressure.

Static mud column versus pumping mud column with lost
circulation

Controlling bottomhole pressure with surface choke and
RCD

Constant circulating sub

Underbalanced setup showing compressors, oil storage, and
flare line

Different gas volumes in a gaseated hole

Gaseous systems: methods of adding gas (A) parasite string,
(B) bull heading; (C) jet sub, and (D) dual-casing string
Different foam volumes

Since SAGD drilling techniques were introduced, production
efficiencies have increased in heavy oil reserves.
Skid-mounted compressors furnish the high-pressure air used
on this rotary rig for drilling (top). The air is blowing a cloud
of dust out the blooey line (bottom).

A keyseat

A. A free-point indicator locates stuck pipe. B. Diagram
showing forces at work during differential sticking.

A backoff connector is used on stuck pipe inside the washover
pipe to keep the drill pipe from falling when freed.
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retrieving fish. 253
A blowout and resulting fire at Greenhill Well in Timbalier

Bay, Louisiana 257
Blowouts are dangerous, destructive, and avoidable if warning

signs are recognized by watchful workers. 259
Hydrostatic pressure in a wellbore holds back formation

pressure. 260
"Typical land BOP stack 261
Types of annular blowout preventers: Hydril GL (left), Hydril

GK small (center), Hydril GX (right) 262
Cutaway diagram of a pipe ram 262
A subsea BOP 263
Choke manifold 265
A positive adjustable choke with tungsten carbide wear surfaces 265
Remote choke panel with hydraulic module 265

Quality well control training is not only essential for rig workers
but also important for all personnel involved in various aspects of

drilling and production operations. 267
Drilling rigs present potential hazards for all workers on site. 269
Blowouts such as this can release hazardous gas that can quickly

harm workers. 270
Handrails are essential safety devices on all drilling rigs. 271

Don’t: Some rig workers perform risky tasks high above the rig
floor but safety harnesses should be worn and not left on deck. 272
Do: Safety harnesses are required when performing any

elevation work. 272
A rathole rig drills the first part of the hole. 273
Workers are assembling a land rig in the U.S. Permian Basin

of Texas. 274
The construction of rigs involves tasks that must be performed

high above the ground, making safety a primary concern. 275
Crewmembers lower the bit into a surface hole. 276
Safety is top priority; proper training and communication are

key components of safe operations. 278

Running a pipe to line the sides of a well and sealing off the

outside of the pipe near the bottom prevented fluids from the
formations near the surface from entering the well. 282
Wooden barrels were the first containers for produced oil. 283
Conductor, surface, intermediate, and production casing are
cemented in the well. 284
A production liner is cemented in place but hangs from the bottom
of the intermediate casing rather than extending to the surface. 285
An open-hole completion allows reservoir fluids to flow into

an uncased hole. 286
A perforating gun creates holes in the producing casing or liner,
allowing fluids from the formation to enter the well. 288
"Tubing is smaller in diameter than casing. 290
A packer between the casing and tubing keeps well fluids out

of the tubing-casing annulus. 291

"The slips grip the walls of the casing to hold the packer in place. 292
A packer can have one sealing element or several separated by
metal rings. 292
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A multiple completion, such as this triple completion, usually has
a separate tubing string and packer for each producing zone.
Subsurface safety valve

A wire-wrapped screen, or screen liner, is often combined with
a gravel pack inside perforated casing.

A gravel pack screen

Valves on the Christmas tree control the flow of fluids from
the well.

This cutaway of a wellhead shows its inner workings.
High-pressure connector cutaway view

Subsea production tree

Powerful truck-mounted pumps perform fracturing at the
well site.

Reservoir fluids flow into the fracture and the well.

Sand is one proppant used to hold fractures open.

Acid enlarges existing channels or makes new ones.

Beam pumping units like this one are a common sight in
certain areas where oil is present.

A beam, or rod, pumping unit has many components.

An electric submersible pump

Hydraulic pumping system with components on the surface
and in the well

In a gas-cap drive reservoir, the free gas in the cap and the gas
dissolved in the oil expand to move oil up to the surface.

In a solution-gas drive reservoir, gas comes out of the oil,
expands and lifts it to the surface.

In a water-drive reservoir, saltwater under the oil pushes the
oil to the surface.

Water at the edges of the reservoir helps drive the oil into the
wellbore.

Eventually, the water level rises to the bottom of the well in

a water-drive reservoir.

In a gravity-drainage reservoir, the oil flows downhill to the
well.

In waterflooding, water is injected into wells around the
producing well.

Miscible gas injection

Chemical flooding uses special chemicals in water to push oil
out of the formation.

Steam injection involves generating steam and forcing it down
injection wells into the reservoir.

In fireflooding, a fire is ignited in the reservoir.

Steps are necessary to ready oil or gas for sale.

Gravity is used to separate well fluids in a vertical separator.
A horizontal separator

A horizontal, three-phase free-water knockout provides space
for the free water to settle out and the gas to rise.

An emulsion is made up of two liquids that will not mix
together under normal conditions.

A bottle test helps determine which chemical is the most
efficient demulsifier for a particular emulsion.

A vertical heater-treater separates oil-water emulsions.
Horizontal heater-treater

A gas-hydrate plug taken from an offshore production line
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Methanol or glycol is injected into the gas stream to prevent

hydrate formation. 333
An indirect heater warms the water bath, which in turn warms

the gas flowing through the coil assembly. 333
The glycol liquid-desiccant dehydrator unit is skid-mounted. ~ 334
This dehydration system uses liquid glycol as a desiccant. 335
This sweetening unit uses an amine to remove carbon dioxide

and sulfur compounds. 336
A low-temperature separation unit separates NGLs produced

from a gas well. 338
A battery of stock tanks that temporarily store oil, natural gas

liquids, and water after separation. 339
The sampler lowers a thief to obtain an oil sample from a

storage tank. 341
A 1-quart (1-litre) beaker is used in bottle sampling. 341

A centrifuge test uses a graduated glass centrifuge tube that is
placed in a high-speed centrifuge by which precise percentages

of S&W can be read. 343
A hydrometer test 343
A skid-mounted LACT unit is an efficient system for measuring

and testing oil. 344

A sample container on a LACT unit holds oil samples auto-
matically taken from the oil stream flowing through the unit. 344
An orifice meter measures differential and static pressures of a

stream of flowing gas. 347
"Typical well servicing and workover rig 350
Reels of wireline mounted on the back of a truck used for

completion and workover jobs 352
Coiled tubing unit 353

A coiled-tubing unit runs tubing into the well using a large reel. 354
"This snubbing unit operates with a self-contained hydraulic

system. 355
Corroded sucker rods must be replaced to keep the pumping

well in good condition. 357
Abrasion damaged these sucker rods and their coupling. 357
A paraffin scraper 358
Macaroni tubing fits inside the production tubing to wash sand

out. 360
Coiled tubing also washes sand up the annulus between the
production tubing and coiled tubing. 360
One reason to place a cement plug is to shut off a lower

producing zone to produce a formation nearer the surface. 361

Squeezing cement through the lower perforations seals them
(A, B). Then, the upper part of the zone is perforated (C, D). 363

"This self-contained platform, the Hibernia, houses all the drilling
and production equipment and facilities for the crew. 365

The hull of a jackup can be raised well above the water’s surface. 366
Helicopters and cranes are common sights around an offshore

operation. 366
Work boats transport crew and cargo between shore and

platform. 367
Example of a small, shallow water production platform 368
In a wet subsea completion, valves and equipment to control the
flow of hydrocarbons are placed on the seafloor. 369
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A submerged production system connects satellite wells to the
production platform for treating and then to a mooring buoy

where tankers receive the oil. 370
Arctic production must take into account areas of permafrost

shown here in North America. 371
The Alaska pipeline from the North Slope to Valdez harbor is

an Arctic engineering masterpiece. 372
Production worker controlling flow of fluids with valve 375
Production personnel must fully understand all aspects of
equipment and procedures to ensure safe operations. 376
Driving vehicles and working around hazardous chemicals

present dangers for workers. 377
High-pressure gas or liquid escaping from a valve can injure
personnel. 377

Workers must wear protective gear when exposed to chemicals. 378
Many production lease activities are accompanied by inherent

dangers while working with fluids. 379
Caustic chemicals are commonplace on many worksites. 379
Safety programs include group training to ensure all workers are

aware of hazards. 379

The transportation industry is responsible for moving millions
of barrels of crude oil daily across land and water to reach

processing facilities and consumers. 385
The Oil Creek tributary of the Allegheny River in

Pennsylvania (U.S.) 386
Horse-drawn wagons and barges were initially used to move oil

to rail and water shipping points. 387
The Densmore brothers patented this early railway tank car

design. 388

When denied the right to cross a railroad, one pipeline company
used tank wagons to transfer the oil from the pipeline to holding

tanks on the other side and then back into the pipeline. 389
An early pipeline pump station used steam power to build

sufficient pressure to move the oil. 390
Construction of the cross-country Big Inch pipeline 391
Using bamboo poles, the Chinese were among the first to pipe
natural gas. 393
"True horsepower was used in early-day construction of gas

pipelines and compressor stations. 394

Hand tongs were used by early pipeline construction workers. 394
The Gluckhauf was the first successful oceangoing tanker that

carried oil in storage tanks built into its hull. 395
An early tank truck hauls crude oil from the well’s wooden

storage tank. 396
Tank cars are also used to ship crude oil and refined products to

and from refineries. 397
Railcar loading racks for loading and unloading products from

tank cars 398
General-purpose rail tank car 399

Conventional tank cars are loaded and unloaded individually
while interconnected tank cars can be handled from one

loading rack. 400
Interconnected hoses and valves allow the entire train to be
loaded and unloaded in short time. 401
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A general-purpose fuel tank truck

Diamond-shaped placards are used to signal hazardous contents.
Tank truck loading rack

An LPG transport truck is used to carry propane to various
LPG storage units.

The draft marks on the side of a barge or ocean vessel indicate
how full or empty the vessel is.

A tugboat pulls a loaded barge out of the harbor.

A towboat has large upright knees on its bow to facilitate
pushing.

The Seawise Giant, an oceangoing supertanker

Tanker for transporting crude oil

A double-ended tanker can plow through ice in reverse
because of its hardened stern, and travel in open waters with
its conventional bow.

Azimuth thrusters allow ships to travel backwards with ease
and enable steering and docking without the use of rudders.
"The Arctic Princess, an LNG containment system of
Kvaener-Moss design

An LNG ship: a Gaz Transport No. 96 membrane
containment system

The Polar Eagle LNG ship IHI SPB containment system

A tanker shuttles down a U.S. coastal waterway.

Tankers of various sizes transport North Slope crude oil
from the Trans-Alaska Pipeline System at the Valdez Marine
"Terminal in southern Alaska and deliver it to ports in the
lower 48 United States.

Cycle of crude transport from the wellhead to the lease tanks
and to the consumer

Pipeline pumps and motors

Alaskan pipeline pump station

A gauger measures the volume and draws samples to test
before pumping begins.

Booster pumps pull oil from storage tanks and move it to

the suction of the trunkline pumps.

A tank farm is an integral component of a pipeline system.
The manifold at a pump station and tank farm permits
routing of the oil stream to its destination.

Pipeline control room

A products pipeline terminal supplies an area of high
demand.

A dispatcher controls product movement and monitors other
operations from the main computer console.

A products pipeline runs batches of different products in
sequence, similar to this typical cycle.

Major U.S. natural gas pipelines connect supply areas and
demand centers.

A gas pipeline compressor station

A gas turbine used in gas compressor stations

A control center using numerous automated features monitors
and controls the pipeline and keeps tabs on deliveries through-
out a gas pipeline system.

A clear pipeline right-of-way

In this aboveground section of the Trans-Alaska Pipeline,

the roadbed along the right-of-way supports working vehicles
as well as the pipeline itself.
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A wheel ditcher leaves a neat spoil bank that aids in rapid
backfilling.

In aboveground construction, VSMs hold insulated pipe at
various heights while special finned radiators and heat pipes
draw heat away from the ground.

The pipeline contractor strings pipe joints along the right-
of-way so they are accessible but do not obstruct spread
equipment and work crews.

A pipe bending machine

Preparing to weld

Welders work on opposite sides of the pipe as they make the
initial weld on two joints held together by an internal line-up
clamp.

Side-boom tractors with correctly spaced slings lower pipe
into the ditch.

Pipeline lowered in the trench.

A boring machine pushes casing under a roadbed as its cutting
head rotates just inside the front of the casing.

Flotation devices support sections of pipe during a river
crossing.

After construction is completed, the pipeline is then backfilled
using as much original dirt as possible, and the land is neatly
restored so it can produce vegetation once again.

Welding, coating, and inspection are handled at stations on the
lay barge.

The completed pipeline is lowered into the water by way of an
inclined ramp and a stinger.

The stinger guides the pipeline safely to the seafloor.
High-pressure jets of water from a jet sled dig a trench for a
pipeline on the seafloor.

A giant spool unreels continuous lengths of line pipe from a
reel lay barge.

"Transportation modes are evident at this ship channel.
Distribution of peak-shaving LNG facilities in the United
States

Typical peak-shaving LNG facility

Projected scale of LNG industry

Components in LNG monetization chain

"Trinidad LNG plant where COPOC processes are performed
Three types of aboveground LNG tanks

Artist drawing of the Sabine Pass LNG, L.P. Regasification
Terminal, in western Cameron Parish, Louisiana.

A refinery is an organized and coordinated arrangement of
processes linked together with miles of pipe carrying crude oil
in and products out.

Petroleum products are everywhere.

World refineries by size

Refineries upgrade crude oil to higher value products
Refineries upgrade crude oil to higher value products
Hydrocarbon mix of gasoline.

Four types of hydrocarbon structures are paraffins, olefins,
napthenes, and aromatics.

A variety of processes is used to convert crude oil into many
products, beginning with distillation.
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A simplified depiction of a refinery’s key processes 483
An important job of refineries today is the conversion of oil at
“the bottom of the barrel” into gasoline and other more

marketable products. 485
Internal distilling process from atmospheric unit 486
Basic refining concepts 487
Distillation curve chart showing the boil-off temperature of

crude oil components 487
Lines carry the distilled cuts from different heights to the

distillation tower. 488
Flexitrays 489
Vapor passes through bubble caps and settles on trays in the
distilling column. 489

This Port Arthur refinery in Texas contains a vacuum distillation
unit that fractionates residual oil into light vacuum gas oil, heavy

vacuum gas oil, waxes and asphalt and other products. 491
Cat crackers break down gas oils into lighter, more useful

products. 492
"Texas City thermal cracking operations 493
An alkylation plant is capable of producing 9,200 barrels per

day of alkylate. 495
These tanks store n-butane, isobutene, and propane until they

are needed as a feedstock or are sold. 496
Catalytic reforming boosts the octane rating of hydrotreated
naphtha. 498

Hydrodesulfurization is a catalytic chemical process widely
used to remove sulfur from natural gas and from refined

petroleum products. 500
Desalter vessel internals (TriGridmax™ unit) 501
Simplified hydrotreating reactor 502
Hydrotreating process 503
Operator looking at blending board. 505
A residual fuel hydrotreater 506
Petrochemicals satisfy the fundamental needs of modern life. 507
Ethylene petrochemical plant 509
Polyethylene is used to make a host of products. 510
"This high-powered centrifugal compressor is an example of

the huge yet precise equipment in a petrochemical plant. 511
Steam cracking is used to produce ethylene and propylene. 512
Polypropylene is extruded into small bb-size pellets in its

finished form. 513
Water treatment and recycling to and from a petrochemical

plant or oil refinery 516
A typical gas processing plant 520
Gas turbine-driven propane refrigeration compressor in a natural
gas plant 521
The expander process is one way to recover NGLs

cryogenically. 522

An expander compressor used for cryogenic natural gas plants
made for the El Wastani Field Development Project in Egypt 523

"The oil absorption process consists of NGL recovery, methane

rejection, and separation of the absorbent. 525
Example of a fractionation plant used to produce three products 526
Fractionation plant 527
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5-1.1  Crude oil refinery

5-1.2 Gas processing facility

5-1.3  Graphical presentation of project cash flow

5-14  Prospect area map

5-1.5  Typical jackup rig used to drill the proposed well off the Texas
coast

5-1.6  Well awaiting production deck and facilities

5-1.7  Installing production deck and facilities

5-1.8  Production deck and facilities installed

5-1.9  Pipeline installation

5-1.10  Structure map to demonstrate the prospect idea

5-1.11  Subsurface structure map

5-1.12  Seismic cross-section

5-1.13  Calculating reservoir area

5-1.14  Calculating thickness

5-1.15  Production forecast

5-1.16 Natural gas price forecast

5-2.1  Recovery, transport, processing, and use of petroleum have
potential hazards to human health and the Earth’s ecology.

5-2.2 Smokestacks are often used to cool the exhaust from combustion

sources and to provide better air dispersion of emitted
pollutants.

5-2.3  Operators of offshore rigs must follow EPA regulations
concerning any discharges of waste into water.

5-24  Anaquifer is a stratum of rock, sand, or gravel that holds
enough water to supply wells or springs often used as a source
of drinking water.

5-2.5  The Outer Continental Shelf of the United States is leased to
petroleum companies by the U.S. Department of the Interior.

5-2.6  Waste disposal containers must be clearly labeled according to

OSHA regulations.
5-2.7  Water pits used for drilling fluids

5-2.8  Oil floating on top of drilling fluids that have been returned to

the surface.
5-2.9  Mud chemicals to be used as additives

5-2.10 A derrickhand wearing personal protective equipment adds dry

components to the mud.

5-2.11 Water supply vessels combat the fire on the Deepwater Horizon

while the U.S. Coast Guard searches for missing workers.

5-2.12  Pooled oil from the Exxon Valdez sitting between rocks on the

shore.

5-2.13 A boom is a flexible air-filled bag that prevents spilled oil from

spreading further.
5-2.14 The skimmer and boom swing over the side of the boat to
enclose and suck up the oil.

5-2.15 Wildlife such as the birds can suffocate when covered with oil.

5-2.16 Health, Safety, and Environment workers were contracted to

clean up oil on the beaches in Port Fourchon, Louisiana, in May

2010 following the Deepwater Horizon/BP oil spill.

5-2.17 Detecting a leak in an underground pipeline.

5-2.18 Accurately detecting leaks in pipelines can be costly and
difficult.

5-2.19 A bioreactor uses microorganisms to remove impurities from
the water.
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