
The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Fig.2  Diagram of pipe layout at Corrib Gas Field
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Fig.3  Control Umbilical (section)

Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)



The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Fig.3  Control Umbilical (section)

Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)



The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Fig.2  Diagram of pipe layout at Corrib Gas Field
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Fig.3  Control Umbilical (section)

Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

Biographical Notes

A.J. LaBorde 1915 – Present

Originally a naval engineer. LaBorde went on to work for an oil company. 
Observing the time required to drill oil wells, LaBorde devised a plan to 
put the entire drilling operation on a transportable barge that could be 
fl oated to any location. Water would be pumped into the barge to sink it. 
When it was resting on the bottom, the barge became a stable platform 
from which to drill. When they were fi nished drilling, the barge could be 
pumped out, re-fl oated, and transported to the next location. He tried to 
sell his design to the oil company he was then working for, they declined 
to build so he resigned and after being turned down by the major oil 
companies at the time he, along with John Howard Charles Murphy Jr, 
formed Ocean Drilling & Exploration Co., or ODECO, and went on to 
design the fi rst oil rig.

Read more about other famous scientists at www.sta.ie

•  Modern electronic sensors are internally more complex but are more 
accurate and more easily integrated into control systems. 

• The wellheads are fi tted with hydraulically-operated valves. 

•  The intermediate subsea directional control valves are electrically 
operated. They can direct the hydraulic fl uid to the fl ow-control 
valves.

Activities

Practical Activities

Draw a labelled diagram of an offshore gas well. Include mobile drilling 
rig, wells, fl owlines, manifold, pipeline, subsea distribution unit, control 
umbilical, onshore control centre, onshore gas processing/storage/
distribution centre, ROVs.

Investigative Activities

In February 2006 Forfás warned that Ireland will experience a fuel crisis 
within 10 to 15 years. Ireland’s consumption per capita on transport is 50% 
higher than most of the EU member states; part of the reason for this is 
that Irish people on average spend more time travelling to and from work. 

Investigate the fuel consumption of EU states. What are the main uses of 
oil and gas in the EU? Tabulate your fi ndings. Discuss what steps might be 
taken to prevent a fuel crisis.

Discuss how local community concerns about major industrial 
developments should best be evaluated in the context of national benefi ts. 
Are there general criteria that could be used in such deliberations?

Syllabus Reference

Leaving Certifi cate Technology
Option B – Applied Control Systems

Junior Certifi cate Technology
Energy and Control - Structures; Mechanisms; Electronic systems; 
Robotics; Pneumatics

Junior Certifi cate Science
Section 3A: Force and Energy
Section 3B: Heat, Light and Sound

Learning Objectives

On completing this lesson the student should be able to:

•  Appreciate the technical challenges involved in setting up the 
infrastructure for a subsea gas well

•  Outline the infrastructure required for the extraction of oil from the 
sea bed

•  Recognise the role of remotely controlled devices in constructing 
offshore oil and gas wells

•  Appreciate the size of the fi nancial risk and benefi ts associated with oil 
and gas exploration

• Understand how subsea valves are controlled.

General Learning Points

•  The organic matter that formed the oil and gas reservoirs off the west 
coast of Ireland was laid down about 300 million years ago.

•  Oil and gas are formed in a long process involving heat and pressure 
on organic matter.

• Some of the oil and gas is trapped by impermeable rock layers.

•  Since the 1960s there have been major developments in the 
technologies associated with the sourcing and extraction of oil and 
gas. The most signifi cant of these relate to the use of computers (data 
collection, data processing, communications and robotics). Sebsea 
valves are controlled remotely from an onshore control centre.

•  In the Corrib Gas Field, gas is being extracted from a distance of 
3500 m below sea level, 65 km from the coast of North-West Ireland. 

•  Subsea well are linked through fl owlines to a manifold (a sophisticated 
hub). A pipeline links the manifold with the onshore terminal.

•  All engineering activity below 190 m is remotely controlled; connection 
of fl owlines, pipelines, control umbilicals etc. is carried out by ROVs 
(remotely operated vehicles).

•  Simple sensors produce a voltage that is proportional to a variable 
such as temperature or pressure. Over long distances, the voltage 
drops due to line resistance; this can lead to errors.

Revise the Terms

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

Organic matter;  reservoirs; impermeable rock; subsea; wellhead; 
tree; Corrib Gas Field; fl owlines; manifold; pipeline; SDU; subsea 
distribution unit; remotely operated vehicles; sensors; pressure; 
differential pressure Venturi meters; electromagnetic interference; 
current-based sensors; processors; address; autonomously; 
overrides; liquefaction.

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

Did You Know?

•  The Corrib sub-sea fi eld is controlled remotely form the control room 
in the terminal at Bellanaboy. 

•  The Corrib gas fi eld was discovered in 1996 and is the fi rst 
commercial fi nd in Irish waters since Kinsale Head in 1973. It has an 
expected operational life of 15 to 20 years.

•  It costs over €200,000 a day to operate the drilling equipment for one 
gas well.

•  The sub-sea control umbilical between the Corrib Gas fi eld and 
Bellanaboy is over 90 km long.

• Each sub-sea umbilical is approximately 14 cm in diameter. 
The tubes inside it are 17–34 mm in diameter. 

•  In the sub sea control umbilical there are cables carrying electrical 
power and command signals. There are also tubes carrying hydraulic 
fl uid, methanol and corrosion inhibitors. 

•  Methanol is used as a kind of anti-freeze to inhibit the formation of 
methane hydrates in the fl owlines.

•  The oil industry began over fi ve thousand years ago in the Middle 
East when it was noted that oil was seeping up through the ground. 
The oil was used for waterproofi ng boats and baskets, in paints, 
lighting and even for medication.

•  The fi rst oil well structures to be built in open waters were in the Gulf 
of Mexico, in water depths of up to 100 m. 

•  Since the 1920s land-based oil wells have been in use in Europe. In 
the 1960s that exploration in the North Sea began and after many 
unsuccessful years oil and gas were fi nally found in 1969. At its peak 
in 1999 it was producing about 12% of the world supply of oil.

True or False

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

(a)   Gas and oil are trapped by porous rock layers.  T  F

(b)   Oil and gas can be extracted form depths of more than a 
kilometer below the seabed. T  F

(c)  It is possible to drill gas wells 20 km deep.  T  F

(d)   The gas deposits in the Corrib Field are 100 m 
below the seabed.  T  F

(e)   Subsea oil wells at depths of more than 200 m  have been 
exploited since the 1920s. T  F

(f)   The Corrib extraction infrastructure was put in place by 
teams of divers. T  F

(g)  Methanol is used as a solvent for natural gas. T  F

(h)  ROVs are used to carry divers to the subsea gas wells.  T  F

(i)  Flow control valves are operated directly by electricity.  T  F

(j)  Flowlines are connected to a central subsea manifold. T  F

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

Examination Questions   

2003 Junior Certifi cate Higher Level 

What happens to the surface of a loudspeaker when it is producing a 
sound? 

Describe an experiment to show that sound is a wave.

What is the wavelength of the
wave in the diagram? 

Calculate the frequency of the
wave in the diagram if it is moving
with a speed of 330 m/s.

For further examples of past paper questions 
check www.sta.ie
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The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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Fig.2  Diagram of pipe layout at Corrib Gas Field
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Fig.3  Control Umbilical (section)

Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

The intermediate subsea directional 
control valves are electrically operated. They 
can direct the hydraulic fl uid to the fl ow-control valves; when they switch 
the other direction the small excess hydraulic fl uid is vented to the sea. 
For environmental reasons water-based hydraulic fl uid is used. 

Remote control and robotics
The diffi culties associated 
with extraction technology in 
very deep water (including 
the danger for divers) have 
stimulated the development 
of remotely operated vehicles 
(ROVs) and of robots that 
can operate autonomously for 
days or even weeks. 

Wellheads are now routinely 
fi tted with overrides that 
can be operated by ROVs 
in the event of any unusual 
problems with the normal 
control systems. 

When the infrastructure is in place, gas can be drawn off from the 
wells for further processing, for use in a national grid or for liquefaction 
and transport.

Commands are sent from the onshore control centre to the subsea 
distribution unit; from there they are automatically routed to the 
appropriate target devices – the subsea control modules (SCM). The 
computer within each SCM which is known as the SEM (Subsea Electrical 
Module) communicates with the onshore control centre, understanding 
commands that are addressed to it and in turn transmitting data as 
requested.  Electronic commands are sent from the SEM to sensor 
devices which respond by sending the required data back.

The organic matter that formed the oil and gas reservoirs 
off the west coast of Ireland was laid down about 300 
million years ago – around the time of early dinosaurs. In 
a long process involving heat and pressure, oil and gas 
were formed; these were of relatively low density and rose 
through the surrounding rock, gravel and water. Some of this 
hydrocarbon material was trapped by impermeable rock 
layers forming the reservoirs that are tapped today.

Developments in the oil industry 
Few subsea oil wells at depths of more than 200 m could be exploited 
economically in the 1960s. Since then developments in extraction 
technology and dramatic increases in the price of petroleum 
have changed all that; today tapping of deposits at depths of more than 
2000 m is almost routine. 

Extraction 
infrastructure
When an oil or gas 
deposit is confi rmed 
the well is lined with 
steel tubing (termed 
casing) and then 
capped with a set of 
connectors and valves 
called a ‘wellhead’ or 
‘tree’. Further work is 

suspended until neighbouring deposits have been similarly capped. 
Decisions on the method of extraction depend mainly on the type of 
deposit (oil or gas) and the distance to land. What follows relates to a 
typical offshore gas deposit such as the Corrib Gas Field which lies in 
350 m of water 83 km offshore and about 3000 m below the seabed. 

Pipelines
Wells within a few kilometres of one another are connected by small 
diameter (15 or 20 cm in diameter) pipes called fl owlines to a central 
manifold (a hub) and a pipeline is laid from the manifold to an onshore 
reception and processing facility – the terminal. 

Pipelines are typically fabricated in units of 12 metres. These are 
shipped to the pipelay vessel and are welded together as required to 
form a continuous pipe. As this is done the pipeline is lowered to the 
seabed and attached to the manifold. 

A ‘control umbilical’ links the wells to a subsea distribution unit (SDU) and 
ultimately to the onshore control station (located within the terminal). All 
of the subsea equipment is lowered to the seabed from specialist ships 
with all of the connections being made by remotely controlled vehicles 
(underwater robots). Divers can only be safely used in water depths up 
to 190 metres.

The control umbilical
This is not just a cable; it is a collection of wires for electric power and 
electronic control; tubes for hydraulic fl uid, methanol and other liquids; 
communication lines (wire or optical) for data transfer and connections 
to various sensors.  The external diameter of the bundle is 14 cm. 

Fig.1  A Corrib Tree
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P5 Well 
6“ Flowline & 
Umbilical - 1.5 km long 

P2 Well 

8” Flowline &
Umbilical - 2.7 km long

Manifold

PLEM - Pipeline End 
Manifold (20” valve) 

Main Umbilical - Control 
from Terminal 

Z-SPOOL 

P1 Well 

P3 Well

P4 Well 8” Flowline & Umbilical
- 1.7 km long 

20” Pipeline - 83 km 
to Broadhaven Bay

Fig.2  Diagram of pipe layout at Corrib Gas Field

Screened twisted pair 
cables (5)
21 mm OD

High pressure 
supply lines (2)
17 mm OD, 610 bar

Low pressure 
supply lines (2)
27 mm OD, 210 bar

High pressure/
low pressure spare (1)

Filler Elements (2)

Methanol Supply Lines (5)
34 mm OD, 345 bar

OD (Outside diameter): 140 mm
MBR (Minimum bend radius): 2.4 m
Linear density: 18 kg/m

Fig.3  Control Umbilical (section)

Control technology
Each wellhead is fi tted with valves to control the fl ow of the gas. These 
valves are activated hydraulically – i.e. by liquid under pressure. The 
hydraulic fl uid (water-based in this case) is supplied to the subsea hub 
or manifold and electrically activated control valves direct the fl uid to the 
fl ow-control valves. Strong springs keep inactive valves closed; positive 
hydraulic pressure is required to open a valve and to keep it open; in the 
event of a loss of hydraulic pressure the fl ow valves close.

The valves are designed so that the pressure of oil or gas in a reserve 
cannot force  them open. 

Electronic control
Overall control and monitoring of the wells in a gas fi eld is maintained 
from the onshore control centre (within the onshore terminal). Sensors 
for measuring pressure and temperature are located in each well and 
fl owrate sensors (e.g. differential pressure Venturi meters) are located on 
the fl owlines and pipelines. 

Fig.4  Transporting a manifold and SDU
Many people think that Shell is simply an oil company. In fact 
Shell is a global group of energy and petrochemicals companies, 
operating in over 140 countries and employing approximately 
110,000 people. Shell is probably best known to the public for 
its petrol stations and for fi nding and producing oil and gas on 
land and at sea. These are both very important parts of Shell’s 
business but Shell is also involved in renewable energy such as 
wind, solar and hydrogen. Shell, together with its partners, is 
currently developing a gas fi eld off Ireland’s west coast - known 
as Corrib. The Corrib gas fi eld contains enough gas to provide 
up to 60% of Ireland’s gas needs and could still be producing 
gas 15 or even 20 years from now. The Corrib gas fi eld lies about 
83 km off the coast of County Mayo and the gas is about 3000 
metres below the sea bed. The gas will be brought to the surface 
and then will travel via a pipeline to the shore. The gas will then 
be cleaned before being pumped into the national grid for use in 
homes and businesses across the country.

You can fi nd out more about the work of Shell in 
Ireland at www.corribgas.com or at www.sta.ie

Commands to activate fl ow-control valves do not go directly to these 
devices but to intermediate electrically operated valves that direct 
hydraulic fl uid to the actual fl ow-control valves. This may seem 
unnecessarily cumbersome but it has the advantage of requiring much 
less electrical power. If the fl ow valves on the wells were operated directly 
by electricity then a large constant electric current would be required to 
keep them open which itself would require a very large electric cable. 
The intermediate valve requires much less electrical power. 

The format of electronic control has changed dramatically with the 
advent of single-chip computers. 

Simple sensors produce a voltage that is proportional to a variable such 
as temperature or pressure. Over long distances however the voltage 
drops due to line resistance. Small voltages signals are also prone to 
electromagnetic interference. 

Current-based sensors are immune to such interference and have been 
used in industrial data collection for some decades. 

Modern electronic sensors are internally more complex but are more 
easily installed, are more accurate and are more easily integrated into 
control systems. They do not need to be individually connected to the 
control centre; they have their own built-in processors and software and 
are capable of digitising the readings, storing them and transmitting 
them on request over a single communication network. Each sensor 
or control device has its own ‘address’ and can respond to commands 
from the control centre or from the subsea distribution unit.

Hydraulic control
The wellheads are fi tted with hydraulically-operated valves. These are 
single-acting, that is the hydraulic pressure drives the actuator in one 
direction only; when the pressure is released a strong spring forces 
the actuator back to the closed position.  Single-acting valves require 
only one pressure line. (The pistons on a mechanical digger are usually 
double-acting cylinders; each one has two pressure hoses attached to 
it – one to push the piston/actuator out and the other to push it back.)

Fig.5  Remotely Operated Vehicle (ROV)

Biographical Notes

A.J. LaBorde 1915 – Present

Originally a naval engineer. LaBorde went on to work for an oil company. 
Observing the time required to drill oil wells, LaBorde devised a plan to 
put the entire drilling operation on a transportable barge that could be 
fl oated to any location. Water would be pumped into the barge to sink it. 
When it was resting on the bottom, the barge became a stable platform 
from which to drill. When they were fi nished drilling, the barge could be 
pumped out, re-fl oated, and transported to the next location. He tried to 
sell his design to the oil company he was then working for, they declined 
to build so he resigned and after being turned down by the major oil 
companies at the time he, along with John Howard Charles Murphy Jr, 
formed Ocean Drilling & Exploration Co., or ODECO, and went on to 
design the fi rst oil rig.

Read more about other famous scientists at www.sta.ie

•  Modern electronic sensors are internally more complex but are more 
accurate and more easily integrated into control systems. 

• The wellheads are fi tted with hydraulically-operated valves. 

•  The intermediate subsea directional control valves are electrically 
operated. They can direct the hydraulic fl uid to the fl ow-control 
valves.

Activities

Practical Activities

Draw a labelled diagram of an offshore gas well. Include mobile drilling 
rig, wells, fl owlines, manifold, pipeline, subsea distribution unit, control 
umbilical, onshore control centre, onshore gas processing/storage/
distribution centre, ROVs.

Investigative Activities

In February 2006 Forfás warned that Ireland will experience a fuel crisis 
within 10 to 15 years. Ireland’s consumption per capita on transport is 50% 
higher than most of the EU member states; part of the reason for this is 
that Irish people on average spend more time travelling to and from work. 

Investigate the fuel consumption of EU states. What are the main uses of 
oil and gas in the EU? Tabulate your fi ndings. Discuss what steps might be 
taken to prevent a fuel crisis.

Discuss how local community concerns about major industrial 
developments should best be evaluated in the context of national benefi ts. 
Are there general criteria that could be used in such deliberations?

Syllabus Reference

Leaving Certifi cate Technology
Option B – Applied Control Systems

Junior Certifi cate Technology
Energy and Control - Structures; Mechanisms; Electronic systems; 
Robotics; Pneumatics

Junior Certifi cate Science
Section 3A: Force and Energy
Section 3B: Heat, Light and Sound

Learning Objectives

On completing this lesson the student should be able to:

•  Appreciate the technical challenges involved in setting up the 
infrastructure for a subsea gas well

•  Outline the infrastructure required for the extraction of oil from the 
sea bed

•  Recognise the role of remotely controlled devices in constructing 
offshore oil and gas wells

•  Appreciate the size of the fi nancial risk and benefi ts associated with oil 
and gas exploration

• Understand how subsea valves are controlled.

General Learning Points

•  The organic matter that formed the oil and gas reservoirs off the west 
coast of Ireland was laid down about 300 million years ago.

•  Oil and gas are formed in a long process involving heat and pressure 
on organic matter.

• Some of the oil and gas is trapped by impermeable rock layers.

•  Since the 1960s there have been major developments in the 
technologies associated with the sourcing and extraction of oil and 
gas. The most signifi cant of these relate to the use of computers (data 
collection, data processing, communications and robotics). Sebsea 
valves are controlled remotely from an onshore control centre.

•  In the Corrib Gas Field, gas is being extracted from a distance of 
3500 m below sea level, 65 km from the coast of North-West Ireland. 

•  Subsea well are linked through fl owlines to a manifold (a sophisticated 
hub). A pipeline links the manifold with the onshore terminal.

•  All engineering activity below 190 m is remotely controlled; connection 
of fl owlines, pipelines, control umbilicals etc. is carried out by ROVs 
(remotely operated vehicles).

•  Simple sensors produce a voltage that is proportional to a variable 
such as temperature or pressure. Over long distances, the voltage 
drops due to line resistance; this can lead to errors.

Revise the Terms

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

Organic matter;  reservoirs; impermeable rock; subsea; wellhead; 
tree; Corrib Gas Field; fl owlines; manifold; pipeline; SDU; subsea 
distribution unit; remotely operated vehicles; sensors; pressure; 
differential pressure Venturi meters; electromagnetic interference; 
current-based sensors; processors; address; autonomously; 
overrides; liquefaction.

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

Did You Know?

•  The Corrib sub-sea fi eld is controlled remotely form the control room 
in the terminal at Bellanaboy. 

•  The Corrib gas fi eld was discovered in 1996 and is the fi rst 
commercial fi nd in Irish waters since Kinsale Head in 1973. It has an 
expected operational life of 15 to 20 years.

•  It costs over €200,000 a day to operate the drilling equipment for one 
gas well.

•  The sub-sea control umbilical between the Corrib Gas fi eld and 
Bellanaboy is over 90 km long.

• Each sub-sea umbilical is approximately 14 cm in diameter. 
The tubes inside it are 17–34 mm in diameter. 

•  In the sub sea control umbilical there are cables carrying electrical 
power and command signals. There are also tubes carrying hydraulic 
fl uid, methanol and corrosion inhibitors. 

•  Methanol is used as a kind of anti-freeze to inhibit the formation of 
methane hydrates in the fl owlines.

•  The oil industry began over fi ve thousand years ago in the Middle 
East when it was noted that oil was seeping up through the ground. 
The oil was used for waterproofi ng boats and baskets, in paints, 
lighting and even for medication.

•  The fi rst oil well structures to be built in open waters were in the Gulf 
of Mexico, in water depths of up to 100 m. 

•  Since the 1920s land-based oil wells have been in use in Europe. In 
the 1960s that exploration in the North Sea began and after many 
unsuccessful years oil and gas were fi nally found in 1969. At its peak 
in 1999 it was producing about 12% of the world supply of oil.

True or False

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

(a)   Gas and oil are trapped by porous rock layers.  T  F

(b)   Oil and gas can be extracted form depths of more than a 
kilometer below the seabed. T  F

(c)  It is possible to drill gas wells 20 km deep.  T  F

(d)   The gas deposits in the Corrib Field are 100 m 
below the seabed.  T  F

(e)   Subsea oil wells at depths of more than 200 m  have been 
exploited since the 1920s. T  F

(f)   The Corrib extraction infrastructure was put in place by 
teams of divers. T  F

(g)  Methanol is used as a solvent for natural gas. T  F

(h)  ROVs are used to carry divers to the subsea gas wells.  T  F

(i)  Flow control valves are operated directly by electricity.  T  F

(j)  Flowlines are connected to a central subsea manifold. T  F

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

Examination Questions   

2003 Junior Certifi cate Higher Level 

What happens to the surface of a loudspeaker when it is producing a 
sound? 

Describe an experiment to show that sound is a wave.

What is the wavelength of the
wave in the diagram? 

Calculate the frequency of the
wave in the diagram if it is moving
with a speed of 330 m/s.

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