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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.
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How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 

For further information on Tullow Oil and this lesson visit:
www.tullowoil.com and www.sta.ie

hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
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to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
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Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
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source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Combining the information from the different types of survey with known 
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exploration wells are typically of the order of one in ten.
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hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 
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hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.
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How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.2   Offshore seismic survey

Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 
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hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.
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How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.2   Offshore seismic survey

Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 
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hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.
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How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.2   Offshore seismic survey

Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 
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hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.

Locating       Extracting Oil       Gas an
d

an
d

How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.2   Offshore seismic survey

Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 

For further information on Tullow Oil and this lesson visit:
www.tullowoil.com and www.sta.ie

hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Learning Outcomes 

On completing this section, the student should be able to:

• Explain the origin of gas and oil

• Describe the composition of crude oil

• Explain how oil and gas deposits are discovered

• Distinguish between magnetic, gravity and seismic survey methods

• Outline the principle of how oil and gas are extracted from the earth

General Learning Points

• Oil is formed from the decay of microorganisms by heat and pressure 
over long periods of time

• Crude oil is a mixture of long-chain hydrocarbons

• Structures likely to contain oil or gas deposits can be located by 
magnetic, gravity and seismic surveys

• Magnetic surveys detect variations in the strength and orientation of 
the Earth’s magnetic field

• Gravity surveys depend on local variations in the Earth’s gravity field

• Seismic surveys depend on reflected high-energy sound pulses from 
rock layers which may be oil or gas bearing

• Oil and gas are discovered by drilling into the Earth’s surface from a rig 

• Oil is transported to the refinery by pipeline, road tanker or sea tanker

Activities

Sound travels through solids

Lay your head down on one end of a bench with your ear in contact with 
the bench’s surface. Get a friend to lightly scratch the other end of the 
bench. You will hear the sound which has travelled through the material 
of the bench. Lift your head slightly and the sound will either not be heard 
or heard very faintly. Sound travels through solids.

Sound can be reflected

Stand at some distance (at least 50 m) from a large hard surface such as 
a cliff or large wall. Make a sharp sound, for instance, by banging together 
two flat pieces of thick timber. You will hear the reflected sound a short 
time afterwards.

True or False
Indicate whether the following are true (T) or false (F)  
by drawing a circle around T or F.

(a) Oil and gas deposits take millions of years to form. T F

(b) Less than 20% of the known oil reserves are in the 
Middle East.  T F

(c) Petroleum consists mainly of hydrocarbons T F

(d) New oil and gas deposits are located by drilling into  
the Earth’s surface  T F

(e) Seismic waves are electromagnetic waves. T F

(f) One of the purposes of drilling mud is to cool the drill bit T F

(g) The term ‘discovery’ refers to a new discovery of oil  
or gas in the earth T F

(h) People can live on an oil platform T F

(i) Crude oil is sometimes referred to as ‘black gold’.  T F

(j) 12% of crude oil is processed to produce plastics  
and other chemicals.  T F

(k) Petrol cars are more fuel efficient than diesel cars  T F

Check your answers to these questions on www.sta.ie

Examination Questions

Leaving Certificate Examination 2006 
Physics – Ordinary Level

Describe, using diagrams, the difference between transverse waves 
and longitudinal waves. 

The speed of sound depends on 
the medium through which the 
sound is travelling.

Explain how sound travels through 
a medium.

Describe an experiment to 
demonstrate that sound requires a 
medium to travel. 

A ship detects the seabed by 
reflecting a pulse of high frequency 
sound from the seabed. The sound 
pulse is detected 0.4 s after it was 
sent out and the speed of sound in 
water is 1500 m s–1. 

Did you know? 

• Crude oil is sometimes referred to as ‘black gold’.

• About 88% of crude oil goes to produce fuels; the remaining 12% is 
processed to produce plastics and other chemicals.

• Cars that use diesel fuel are about 25% more fuel efficient that petrol-
driven cars.

• Out of about 90 oil-producing nations, five in the Middle East contain 
about two-thirds of the current, known reserves of petroleum. 

Biographical

Edwin Laurentine Drake (1819-1880)
Edwin Drake is generally credited with being the first to person to drill for 
oil. He was born in Greenville, New York on 29th March, 1819 and grew up 
in Castleton, Vermont. 

It was known that crude oil could be refined to produce paraffin oil which 
could be used in oil lamps and Drake’s employer, Seneca Oil, were 
looking for a good source. They asked him to investigate a suspected oil 
deposit in Titusville, Pennsylvania. Drake decided that the best way to 
access oil that was underground was to drill for it. In 1857 and 1858 he 
drilled for oil but without much success. He 
then thought of driving a pipe down until it hit 
the bedrock. The drill was inserted to bore 
through the rock; it went down about one metre 
per day. It was boring work in more ways than 
one and many regarded the project as a foolish 
venture. 

Eventually on 27th August 1858 they struck oil 
which was collected in a bath tub. Drakes’ 
method was copied immediately and drilling 
for oil has not stopped since.

Drake lost all his wealth in the oil business but 
in 1873 he was granted an annuity by the state 
in recognition of his work.

Nicolaus August Otto
Nicolaus August Otto was the German inventor of the internal combustion 
engine, the first engine to burn fuel directly in a piston chamber. As a 
young man Otto began experimenting with gas engines and in 1864 he 
joined with two friends to form his own company. Five years later Gottlieb 
Daimler and Wilhelm Maybach joined his company for a while and 
together they produced the idea of the four-stroke cycle or Otto cycle 

Revise the Terms 

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention. 

Scavenger; decomposer; source rock; kerogen; geothermal; 
petroleum; impermeable; cap rock; crude oil; carbon chain; 
magnetic surveys; anomalies; magnetic field; gravity survey; 
seismic survey; refraction survey; prospect; drilling rig; jack-up; 
drilling mud; logging; blowout preventer; infrastructure; platform; 
pipeline; refinery; semi-submersible; trap 

Check the Glossary of Terms for this lesson  
on www.sta.ie

Calculate 

(i) The time taken for the pulse to reach the seabed; 

(ii) The depth of water under the ship; 

(iii) The wavelength of the sound pulse when its frequency is 50 000 Hz. 

Why is the speed of sound greater in water than in air? 

(c = fl, v = s/t ) 

For further examples of past paper questions  
check www.sta.ie

Environmental and Social Responsibility

Most governments welcome international companies to conduct and 
finance exploration in their country. This limits the risk for the government 
and the cost to taxpayers. When an oil or gas field is to be developed, 
the state may obtain revenue through taxation or a direct percentage 
interest in a field. 

All activities of oil and gas exploration, development and production 
industry are regulated and monitored. Licences are required for surface 
exploration, drilling, development and production and there is ongoing 
consultation with the relevant government agencies and communities. 
The timescales are long, exploration periods of licences may be five 
years or more and, while the development of a field can take two or 
three years, production may continue for 20 or more years. Environment, 
health and safety are issues of high importance and are carefully 
managed by conducting environmental impact assessments before 
work starts and at regular intervals thereafter. Ongoing monitoring and 
safety checks allow problems to be identified before they become 
serious in nature. 

Corporate social responsibility is taken very seriously and companies 
get involved in local community issues, sponsoring projects of local 
importance, often of a health or educational nature, depending on the 
region. 
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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.
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How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.2   Offshore seismic survey

Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 

For further information on Tullow Oil and this lesson visit:
www.tullowoil.com and www.sta.ie

hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Every day millions of people all over the world depend on oil 
and natural gas to carry out daily activities such as cooking, 
heating their homes and transport. Many industries also rely 
on oil and natural gas as sources of energy for production 
and as raw material for products, e.g. plastics and fertilisers. 
In this lesson we will look at some of the techniques employed 
in finding deposits of oil and natural gas. 

How do oil and natural gas form and 
accumulate?
In ancient seas, plants, animals and microorganisms abounded. When 
they died they sank to the bottom of the sea where they usually became 
a source of food for scavengers and decomposers. In certain 
circumstances, such as highly acidic conditions or lack of oxygen, the 
remains of the dead organisms did not fully decay and the accumulated 
material became mixed with silt and clay, to form a sedimentary 
deposit. 

Over time this sediment was overlain by successive layers of deposits – 
sometimes to a depth of several kilometres. Here it was subjected to high 
temperatures from geothermal sources and high pressure from the 
weight of overlying rock. 

Under the right conditions of pressure and temperature the organic 
material in the rock, kerogen, was converted to petroleum – a word that 
means ‘rock oil’. Higher temperatures favour the formation of gas rather 
than oil. Hydrocarbons tend to migrate upwards through the rock unless 
prevented by an impermeable layer of rock (cap rock). As rock layers are 
often not uniformly horizontal, this migration of fluids is to the highest 
contained part of a geological structure, known as a trap. The rock in 
which the oil or gas lies is called the reservoir, while the rock in which it 
originated is called the source rock (Fig. 1). Crude oil contains a mixture 
of hydrocarbons with relatively long carbon chains, containing between 
ten and twenty carbon atoms per molecule. Natural gas consists of 
mixtures of hydrocarbons with fewer carbon atoms per molecule – only 
one in the case of methane.
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How are oil and gas deposits found?
There are various surveying techniques that are used to locate geological 
structures that can trap oil or gas, including geological mapping and 
magnetic, gravity and seismic surveys.

Magnetic Surveys: Measurement of anomalies in the Earth’s magnetic 
field over a defined area can yield information about the properties of the 
rock, when it was laid down and whether it has moved. 

Gravity Surveys: Local anomalies in the Earth’s gravity provide 
information about underlying rocks, as denser rocks have a greater 
gravitational pull or attraction.

Both gravity and magnetic surveys are passive, in that they record something 
that exists naturally. They may be conducted from the surface (land or water) 
but are more commonly conducted from the air, using a small aeroplane.

Seismic Surveys: A seismic wave is a longitudinal compression wave; it 
is essentially a sound wave but is often below the human hearing range. 
The wave can be generated in a number of ways: small explosions, 
pistons (‘guns’) driven by compressed air, weight drop, vibrating pads 
etc. In typical offshore seismic surveys guns towed behind a ship emit 
seismic pulses at regular intervals; each pulse travels through the water 
and part of it bounces off the seabed and is detected by lines of 
hydrophone receivers a few kilometres in length trailed behind the ship 
(Fig. 2). The length of time between emission and recording of the sound 
wave is used to compute the depth to the boundary. Most of the wave 
energy penetrates the seabed and is reflected off boundaries or 
discontinuities in the rock, down to several kilometres.  Most modern 
surveys involve multiple lines of hydrophones which collect huge 
volumes of data. From this, sophisticated computer software can 
generate virtual 3-D images of subsurface geological structures (Fig.3).

There are two type of seismic survey. A refraction survey is used mainly 
to examine the shallow rock layers. The much more common reflection 
survey measures the time taken for impulses to reach various layers of 
rock and return to surface and, knowing the velocity in the different 
rocks, the depth of the layers can be computed. The velocity can also 
help to determine properties of the rock, such as density and porosity.

Combining the information from the different types of survey with known 
geological information helps to build a picture of the geological structures 
and rocks in the survey area and indicate the position of a trap or 
“prospect” for drilling. It is important to note that not all of these prospects 
will contain oil or gas, which may be because there is no reservoir, no 
source, no migration or no seal to the trap. Global discovery rates for 
exploration wells are typically of the order of one in ten.
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Fig.2   Offshore seismic survey

Fig.3  Seismic section

Fig.4   Semi-submersible oil rig

Tullow Oil was incorporated in Ireland in 1985 and is now one of the 
largest independent oil and gas exploration and production 
companies in Europe. 

The company holds over 90 licences in 17 countries, and produces 
oil in Africa and gas in the United Kingdom and South Asia. Tullow 
is in partnership with other companies in most of its licences and 
is the operating partner in over 40 of them. 

Tullow balances the mix of its business between oil and gas, 
between three continents, between onshore and offshore, between 
exploration and production and between high risk and low risk 
projects. In 2006, the Group plans to invest over Stg £300 million / 
€450 million in funding its exploration, development and production 
assets.

Tullow employs approximately 250 people in Dublin, London, 
South Africa, Bangladesh, Pakistan and Gabon and, in addition, 
contracts a large number of individuals for specific projects. Tullow 
works in partnership with state companies in the countries where it 
is active and is involved in a number of initiatives with local 
communities. 

Our lesson looks at how oil and gas are formed, how they are found 
and how they are extracted, as well as the practical, economic, 
social and environmental issues of the business.

How are oil and gas extracted?
When it is decided to drill on a prospect, other surveys may be 
conducted, including an environmental impact study and engineering 
site surveys. A drilling rig is erected on site. For an offshore well this rig 
may be mounted on a ship, a barge, a jack-up or a semi-submersible 
(Fig. 4). As the bit turns in the hole, the cuttings are brought to the 
surface by a drilling fluid called drilling mud which is continuously 
pumped down through the drillpipe (Fig. 5) and out through the drill bit. 
The cuttings are removed from the mud which is then recirculated. The 
cuttings are studied by geologists to establish the sequence and nature 
of the rocks encountered in the well. The other important purpose of the 
mud is to equalise the pressure in the well so that oil or gas under 
pressure will not flow uncontrolled to the surface. A blowout preventer, 
at the wellhead (Fig. 6), is activated automatically to close off the well in 

the event of an unexpected 
surge of pressure.

The well is drilled in sections of 
decreasing diameter. As a 
section is completed it is lined 
with a steel casing which is then 
cemented in place. A smaller 
drill bit is then used for the next 
section. As the pressure of the 
mud counterbalances the 
reservoir pressure, it may not be 
obvious at the surface that oil or 
gas has been encountered and 
so, when the well passes 
through sections of interest, the 

For further information on Tullow Oil and this lesson visit:
www.tullowoil.com and www.sta.ie

hole is logged using various tools to measure the properties of the rocks 
and test for the existence of oil, gas or water; these tools may be electrical, 
sonic or nuclear. 

When oil or gas is found, a testing procedure is initiated in which the oil 
or gas is permitted to flow for a period to obtain samples to assess 
quality and to check for any reduction of pressure in the reservoir so as 
to gauge the scale of the deposit. If it is deemed to be worth developing 
it is called a discovery. The discovery may be defined with further wells 
to find the full extent of the reserve and to facilitate decisions on the scale 
of infrastructure required to develop the field to maximise production in 
the long term. 

Offshore developments generally use a platform that stands on the sea 
floor and holds production and processing equipment as well as 
accommodation and facilities for personnel. A drilling rig is normally only 
on the platform while wells are being drilled. Newer technology permits 
wells on small fields to be completed on the sea bed and joined by a 
pipeline to a platform that has processing facilities.

Fig.5  On the rig floor

Fig.6   Wellhead
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Learning Outcomes 

On completing this section, the student should be able to:

• Explain the origin of gas and oil

• Describe the composition of crude oil

• Explain how oil and gas deposits are discovered

• Distinguish between magnetic, gravity and seismic survey methods

• Outline the principle of how oil and gas are extracted from the earth

General Learning Points

• Oil is formed from the decay of microorganisms by heat and pressure 
over long periods of time

• Crude oil is a mixture of long-chain hydrocarbons

• Structures likely to contain oil or gas deposits can be located by 
magnetic, gravity and seismic surveys

• Magnetic surveys detect variations in the strength and orientation of 
the Earth’s magnetic field

• Gravity surveys depend on local variations in the Earth’s gravity field

• Seismic surveys depend on reflected high-energy sound pulses from 
rock layers which may be oil or gas bearing

• Oil and gas are discovered by drilling into the Earth’s surface from a rig 

• Oil is transported to the refinery by pipeline, road tanker or sea tanker

Activities

Sound travels through solids

Lay your head down on one end of a bench with your ear in contact with 
the bench’s surface. Get a friend to lightly scratch the other end of the 
bench. You will hear the sound which has travelled through the material 
of the bench. Lift your head slightly and the sound will either not be heard 
or heard very faintly. Sound travels through solids.

Sound can be reflected

Stand at some distance (at least 50 m) from a large hard surface such as 
a cliff or large wall. Make a sharp sound, for instance, by banging together 
two flat pieces of thick timber. You will hear the reflected sound a short 
time afterwards.

True or False
Indicate whether the following are true (T) or false (F)  
by drawing a circle around T or F.

(a) Oil and gas deposits take millions of years to form. T F

(b) Less than 20% of the known oil reserves are in the 
Middle East.  T F

(c) Petroleum consists mainly of hydrocarbons T F

(d) New oil and gas deposits are located by drilling into  
the Earth’s surface  T F

(e) Seismic waves are electromagnetic waves. T F

(f) One of the purposes of drilling mud is to cool the drill bit T F

(g) The term ‘discovery’ refers to a new discovery of oil  
or gas in the earth T F

(h) People can live on an oil platform T F

(i) Crude oil is sometimes referred to as ‘black gold’.  T F

(j) 12% of crude oil is processed to produce plastics  
and other chemicals.  T F

(k) Petrol cars are more fuel efficient than diesel cars  T F

Check your answers to these questions on www.sta.ie

Examination Questions

Leaving Certificate Examination 2006 
Physics – Ordinary Level

Describe, using diagrams, the difference between transverse waves 
and longitudinal waves. 

The speed of sound depends on 
the medium through which the 
sound is travelling.

Explain how sound travels through 
a medium.

Describe an experiment to 
demonstrate that sound requires a 
medium to travel. 

A ship detects the seabed by 
reflecting a pulse of high frequency 
sound from the seabed. The sound 
pulse is detected 0.4 s after it was 
sent out and the speed of sound in 
water is 1500 m s–1. 

Did you know? 

• Crude oil is sometimes referred to as ‘black gold’.

• About 88% of crude oil goes to produce fuels; the remaining 12% is 
processed to produce plastics and other chemicals.

• Cars that use diesel fuel are about 25% more fuel efficient that petrol-
driven cars.

• Out of about 90 oil-producing nations, five in the Middle East contain 
about two-thirds of the current, known reserves of petroleum. 

Biographical

Edwin Laurentine Drake (1819-1880)
Edwin Drake is generally credited with being the first to person to drill for 
oil. He was born in Greenville, New York on 29th March, 1819 and grew up 
in Castleton, Vermont. 

It was known that crude oil could be refined to produce paraffin oil which 
could be used in oil lamps and Drake’s employer, Seneca Oil, were 
looking for a good source. They asked him to investigate a suspected oil 
deposit in Titusville, Pennsylvania. Drake decided that the best way to 
access oil that was underground was to drill for it. In 1857 and 1858 he 
drilled for oil but without much success. He 
then thought of driving a pipe down until it hit 
the bedrock. The drill was inserted to bore 
through the rock; it went down about one metre 
per day. It was boring work in more ways than 
one and many regarded the project as a foolish 
venture. 

Eventually on 27th August 1858 they struck oil 
which was collected in a bath tub. Drakes’ 
method was copied immediately and drilling 
for oil has not stopped since.

Drake lost all his wealth in the oil business but 
in 1873 he was granted an annuity by the state 
in recognition of his work.

Nicolaus August Otto
Nicolaus August Otto was the German inventor of the internal combustion 
engine, the first engine to burn fuel directly in a piston chamber. As a 
young man Otto began experimenting with gas engines and in 1864 he 
joined with two friends to form his own company. Five years later Gottlieb 
Daimler and Wilhelm Maybach joined his company for a while and 
together they produced the idea of the four-stroke cycle or Otto cycle 

Revise the Terms 

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention. 

Scavenger; decomposer; source rock; kerogen; geothermal; 
petroleum; impermeable; cap rock; crude oil; carbon chain; 
magnetic surveys; anomalies; magnetic field; gravity survey; 
seismic survey; refraction survey; prospect; drilling rig; jack-up; 
drilling mud; logging; blowout preventer; infrastructure; platform; 
pipeline; refinery; semi-submersible; trap 

Check the Glossary of Terms for this lesson  
on www.sta.ie

Calculate 

(i) The time taken for the pulse to reach the seabed; 

(ii) The depth of water under the ship; 

(iii) The wavelength of the sound pulse when its frequency is 50 000 Hz. 

Why is the speed of sound greater in water than in air? 

(c = fl, v = s/t ) 

For further examples of past paper questions  
check www.sta.ie

Environmental and Social Responsibility

Most governments welcome international companies to conduct and 
finance exploration in their country. This limits the risk for the government 
and the cost to taxpayers. When an oil or gas field is to be developed, 
the state may obtain revenue through taxation or a direct percentage 
interest in a field. 

All activities of oil and gas exploration, development and production 
industry are regulated and monitored. Licences are required for surface 
exploration, drilling, development and production and there is ongoing 
consultation with the relevant government agencies and communities. 
The timescales are long, exploration periods of licences may be five 
years or more and, while the development of a field can take two or 
three years, production may continue for 20 or more years. Environment, 
health and safety are issues of high importance and are carefully 
managed by conducting environmental impact assessments before 
work starts and at regular intervals thereafter. Ongoing monitoring and 
safety checks allow problems to be identified before they become 
serious in nature. 

Corporate social responsibility is taken very seriously and companies 
get involved in local community issues, sponsoring projects of local 
importance, often of a health or educational nature, depending on the 
region. 


