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When magnified, the pores in a rock are visible.

A rock is permeable when its pores are connected.

Microscopic organisms such as these lived in ancient seas.

The organic theory states that oil and gas were formed
from the remains of microscopic plants.

Earthquakes moved huge blocks of earth up, down,
and sideways.

Layers of rock were folded into arches and troughs.

Once formed, petroleum was forced to move upward
through tiny fissures or pore spaces in the rock.

An anticline can trap oil or gas that has migrated into
a porous and permeable rock layer.

In a fault trap, the layers on one side of the fault have
moved opposite the petroleum-bearing layer on the
other side.

An angular unconformity below Carbon Creek, Grand
Canyon National Park in Arizona

Traps associated with salt domes usually occur on

the sides of, and sometimes above, the dome.

A change of permeability within a rock layer can form
a trap.

A combination of folds and faults in association with
an unconformity can trap hydrocarbons.

Salt water often lies underneath oil and gas in a
reservoir.

Salt water usually coats the grains of the reservoir rock.
Vibrator trucks travel to locations to impose
low-frequency sound waves through rock layers.
Sound waves travel down through the earth and back
to detection devices on the surface.

A record or seismic section can reveal the presence of
possible petroleum traps.

Three-D seismic compiles a series of sections to create
a cubic picture that shows types of rock, their depths,
and whether a hydrocarbon trap is possibly present.
A 4D seismic is a time-lapsed view of 3D seismic
surveys acquired at different times in the productive
life of a reservoir.

Abright spot (shown in red and yellow) can sometimes
indicate the occurrence of hydrocarbons.

Major systems of oil rig drilling equipment

The rotary table is one method of rotating the string
of pipe and the bit.
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The teeth of the bit penetrate the rock, scraping and
gouging away to make a hole.

A typical mud pump

Cuttings made by the bit are lifted to the surface by
the returning mud flow and then separated from the
mud by the shale shaker.

Abit inside the conductor casing drills out the dirt
inside the casing and continues drilling into the
ground.

Drilling stops temporarily at a depth well above
the trap.

Surface casing is run inside the conductor casing
and the drilled hole.

Cement is pumped down inside the surface casing
and up the annulus.

Surface casing is cemented in place inside the
conductor and the hole.

Several directional wells tap an offshore reservoir.

A blowout and resulting fire at Greenhill Well in
Timbalier Bay, Louisana

Intermediate casing is cemented in the well.
Some types of offshore platforms
ConocoPhillips Britannia Platform in the North Sea

A floating production, storage, and offloading
system, known as FPSOs, operated by
ConocoPhillips

A well log is examined to see whether it indicates
the presence of hydrocarbons and other fluids in a
formation.

Conductor, surface, intermediate, and production
casing are cemented in the well.

A perforating gun is used to create holes, or
perforations, in the casing, cement, and production
formation allowing petroleum in the reservoir to
enter the well.

An open-hole completion allows reservoir fluids

to flow into the uncased hole.

A production liner is hung inside a previously run
string of casing.

In a perforated liner completion, the shortened
length of casing or liner is perforated opposite the
producing zone.

A wire-wrapped screen completion often runs with
a gravel pack inside perforated casing.

Tubing is run in a perforated well so reservoir fluids
can flow to the surface efficiently.
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A packer placed in the tubing string keeps reservoir
fluids out of the tubing-casing annulus.

A subsurface safety valve is installed in the tubing
string.

A tubingless completion has no inner tubing string.

A multiple completion, such as this triple one,
usually has a separate tubing string and packer for
each producing zone.

When the hole is being drilled, drilling mud can
seep into a permeable formation.

Several powerful, truck-mounted pumps are arranged
at the well site to perform fracturing.

Reservoir fluids flow into the fracture and well.

Acid is injected down the tubing and into the
reservoir through perforations to remove formation
damage without fracturing the formation.

In a dissolved-gas drive reservoir, gas leaves the oil,
expands, and lifts the oil to the surface

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 water-drive reservoir, salt water under the oil
invades to push oil to the surface.

In a combination-drive reservoir, expanding gas in
the cap, gas dissolved in the oil, and water under the
oil drive oil to the surface.

A typical wellhead is made up of one or more
casingheads, a tubing head, and a Christmas tree.

In this example, two casingheads are used on top of
three strings of casing.

Less complex casingheads can be used in wells that
have only two casing strings.

A tubing head can be installed on top of the
casinghead.

A tubing head can be connected directly to casing
without the use of a casinghead.

The Christmas tree is mounted on top of the tubing
head.

A Christmas tree has several valves that can be
opened or closed to control the flow of fluids from
the well.

A choke housed inside the fitting controls the fluids
flowing from the Christmas tree.

Abeam pumping unit operates on the surface.

A sucker rod pump can be attached to, or installed
inside, the tubing string.
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Abeam pumping unit with wellhead, sucker rods,
and sucker rod pump is one method of artificial lift.
Several joints of sucker rods will be lowered into

the well.

A sucker rod coupling connects the sucker rods.

A sucker rod pump lifts well production to the
surface.

The tubing pump (A) and the insert pump (B) are
two basic sucker rod pump designs.

A hydraulic pumping system has surface and
subsurface components.

A subsurface, or downhole, hydraulic pump consists
of pistons, ports, and valves.

In an electric submersible pump, an electric motor
turns impellers in the pump.

Gas-lift valves are installed in the tubing string at
various depths.

Space is limited on offshore production platforms.
Primary, secondary, and tertiary or enhanced
recovery processes.

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

During enhanced recovery, one type of chemical
miscible process injects water containing a surfactant
into the reservoir.

Akind of gas miscible process involves injecting CO,
into the reservoir.

In steam flooding, steam and hot water thin the oil
and move it to producing wells.

In the huff-and-puff method (left to right), steam is
injected into the reservoir, then the well is closed in
and allowed to soak.

In the fire flood method, compressed air is injected
into the reservoir and the oil is ignited.

This photomicrograph shows droplets of water
suspended and dispersed throughout the oil in a
water-in-oil emulsion.

This vertical separator is a hollow steel vessel that
receives the reservoir fluids from the well.

A two-phase separator separates well fluids into
liquid and gas.

A three-phase process separates well fluids into gas,
oil or emulsion, and water.

A horizontal separator

A horizontal separator can be a single-tube (top) or
a double-tube (bottom) design.

A spherical separator is a ball-shaped vessel, shown
here on an offshore production platform.
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A mist extractor traps droplets of liquid as gas passes
through in this two-phase separator.

Baffles help gas break out of oil in this vertical,
two-phase separator.

Stock tanks such as these are used to store oil on

the lease.

A vertical heater-treater aids in breaking emulsion.
Components and treating action of a vertical
heater-treater

Components and operation of a horizontal
heater-treater

Components and operation of an electrostatic
heater-treater

An indirect heater prevents water condensation and
hydrate formation in gas flow lines.

An indirect heater warms the water bath, which, in
turn, warms gas flowing through the tube bundle.
A glycol dehydrator removes most of the water vapor
from natural gas.

A glycol dehydration system consists of a glycol
absorber, pump, surge tank, and reboiler.

Bubble caps on bubble trays inside the absorber (left)
and a close-up of a bubble cap (right) show how wet
gas bubbles through dry glycol.

One type of well-testing system diverts the well fluids
into a test separator where the gas is measured with an
orifice meter and the oil is measured in the stock tank.

To measure the depth of the oil in a tank, a special
flexible steel measuring tape is lowered into the stock
tank.

Micro Motion 3000 Series Net-Oil Computer with
Elite High Capacity Coriolis meter

A bottomhole pressure gauge is lowered into the well
on wireline.

A top view of a tank battery

An oil sales outlet is located near the bottom of each
stock tank.

A thief hatch (shown open) is located on the top of
each tank.

A thief is a special calibrated cylinder used to obtain a
sample of oil from the tank.

A LACT unit automatically transfers crude oil from
the lease to the pipeline.

Computers are important to many modern
production operations.

A chemical injection pump is often used to inject
corrosion inhibitors into the well stream.
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13.2  Scale deposits can decrease the flow capacity of pipes.
13.3a Paraffin can build up and inhibit flow through tubing.

13.3b Special processes must be used to remove paraffin to
allow a well to flow at acceptable rates.

13.4 Protection from the harmful effects of H.S includes
the use of special breathing equipment.
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