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INTRODUCTION
This course has been developed within the Erasmus+ project SHIELD. The
main goal of the SHIELD project is to improve the skills and ability level of
the Offshore construction workers in Europe, especially those from South
and Eastern countries, by providing basic knowledge about specific Health &
Safety in the offshore sector.
The aim of this course is to introduce you to the specific safety issues and
regimes relevant to offshore installations and to provide the basic emergency
response knowledge and skills both on board of the installations and during
travelling to and from the installations by helicopter.

Intended for:
People travelling to and from, and performing activities on an offshore mining
installation.

Objectives:
To train delegates in acquiring and maintaining a sufficient level of
understanding of circumstances, hazards and sufficient knowledge and skills
in relation to safety techniques and basic emergency response actions, while
travelling to and from, and working on an offshore installation.
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1 Hazardous environment Awareness
1.1 Working Offshore: Introduction to marine energies
World has come to the point where it needs more energy than ever
before as energy demand grows rapidly on global scale. Oceans and seas
offer a wide variety of energy resources, and an increase of marine energy
facilities is expected in the coming years. Oceans cover more than 70% of
Earth’s surface and they therefore present an unquestionable energy source.
There are different types that allow us to use oceans for its energy.
We can use the waves (wave energy); ocean tidal power (ocean high and low
tides); we can also use temperature differences in the water to create an
energy (Ocean Thermal Energy Conversion, OTEC); offshore wind and the
most common exploited source nowadays: oil and gas.

Wave technology. The areas of the world with the greatest wave
resources can be found in locations lying between 30⁰ and 60⁰ latitude and
in deep water (>40 meters); the southern latitudes have the most extreme
power density, corresponding to the locations with the highest wind forces.
Wave energy technologies have not seen a convergence toward one type of
design, as has happened for wind energy or tidal energy. The types include
oscillating water column, oscillating bodies and overtopping devices (IRENA,
2014a). In recent years, despite the absence of a clear technology
convergence for wave technologies, most deployments are of the point
absorber type. This design is based on a floating or submerged buoy. Energy
is generated from the movement of this buoy caused by all wave directions
relative to the base connection. By June 2017, a cumulative capacity of 30
MW had been installed globally. Projects currently in planning would result in
a cumulative capacity of 165 MW by 2020.
Tidal technology. A theoretical tidal current energy potential of 150
TWh/yr is estimated globally, corresponding to an installed capacity of 90

GW. Countries with high tidal energy potential include Argentina, Canada,
France, India, the Russian Federation, the Republic of Korea, the United
Kingdom and the United States.
A distinction is made between tidal range and tidal current
technologies. The former makes use of tidal barrages, the latter extracts
energy from tidal currents. The highest share (> 90%) of installed ocean
energy capacity is tidal range energy. However, this capacity mainly
corresponds to just two installations: a 240 MW plant in France (picture 1)
and a 254 MW plant in the Republic of Korea. Although more of this largescale tidal range is unlikely to be installed in the near future because of high
capital costs and environmental concerns, in coming years, a significant
increase in the installed capacity of tidal current technologies may occur.

Picture 1: tidal energy plant in France

Picture 2: tidal energy plant in the Republic of Korea
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Ocean thermal energy conversion (OTEC). OTEC’s generation is
based on the temperature difference between the surface and deeper layers
of the ocean. OTEC plants use warm surface water to heat ammonia or some
other fluid that boils at a low temperature. The resulting gas is used to drive
turbines that produce electricity. The gas is then cooled by cold water
pumped up from the ocean depths and the resulting fluid is recycled to help
generate power. OTEC works best in the tropics, where the surface water is
hottest. As long as the temperature of surface water and the deep water
differs by roughly 20ºC, an OTEC system can generate significant amounts of
power.

Oil and Gas. Offshore oil and gas exploration and exploitation
started at the beginning of the 20th century. At this time there was a growing
need for independence in energy recourses. European countries started
exploration programs in the North Sea, building up accurate maps of the
surface indicating those areas, which are likely to contain trapped oil or gas.
In 1973, the OPEC Countries (Organisation of petroleum exporting Countries)
decided to raise the price of a barrel of oil, and the developments in the North
Sea rapidly increased. Exploration starts with locating or surveying a field and
can be done in several ways:

Offshore wind. Offshore wind farms can be built at gigawatt scale
and close to densely populated coastal areas. The first commercial-scale
offshore wind plant was commissioned in 2002 in Denmark with an installed
capacity of 160 MW. By the end of 2017, the world’s installed offshore wind
capacity exceeded 19 GW (IRENA, 2018), mainly off the coasts of Europe.
According to IRENA’s analysis, offshore wind capacity could reach 100 GW
by 2030, as innovation continues and the industry evolves (IRENA, 2016).

 gravity survey: based on the various differences in gravitational forces
in, for example, rock formations.
 magnetic survey: a general impression of the different earth layers is
obtained by measuring the differences in the earth magnetic fields
 Seismic survey: based on the natural phenomena of sound waves
travelling at various distances after reflections on earth-layers. The
sound waves are created by means of air guns and will be reflected
back to the surface by the boundaries between different layers.
Differences in density cause differences in the reflection patterns.
Geological specialists can then identify “Fields of promise”. After a
promising survey a drilling unit may drill one or more appraisal (tests)
wells to determine if the field is economically viable.
When surveys indicate an area where it is likely that oil/gas may be
trapped, drilling may commence. A steel derrick is used with drilling tools
hanging on a set of pulleys. For drilling a rotary table is usually used. A drilling
rig has four components: power system, hoist system, rotary system and
circulating system.

Picture 3: illustration by Joshua Bauer, NREL, US Department of Energy
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The drill bit, which does the actual drilling into the earth, is fitted to the
end of a long hollow pipe which is made up of 10 meter sections rather like
a chimney sweep brush. The uppermost section of this pipe is square or
octagonal and is called the Kelly, which hangs from pulleys on a swivel. In
the middle of the drill floor is the electrically driven turntable with a hole
(square or octagonal) in the center. The drilling bit and drill pipes are lowered
through the center of the turntable till the Kelly fits into the hole.

Picture 4: drilling

Picture 5: drilling scheme

The engines revolve the turntable, and this turns the drill pipe and at the
end the drilling bit rotates. The long pipe called the drill string has to be
lengthened from time to time as the hole gets deeper. This is done by
breaking (unscrewing two joints) the string and inserting a new length of pipe
usually 10 meters (32 feet) long.
A hollow drainpipe is used because it allows a fluid, called mud to be
pumped down the center through the bit and up the outside of the pipe

between the pipe and the wall of the hole just drilled. This is done to remove
the rock debris (called cuttings) that are produced by the bit when it is drilling,
and to cool down the drill bit. After a while steel casing is lowered into the
borehole and cemented to prevent the sides from caving in. Each time casing
is put in (called running casing) a smaller bit has to be used. The oil or gas
contained within a well is at a high pressure (the formation pressure) which
is balanced by the weight (hydrostatic pressure) of the mud in the borehole
to prevent the oil/gas from gushing into the well. If for any reason the
formation pressure increases, then the (weight) density of the mud will also
be increased by adding chemicals to the mud to keep the pressure at the
bottom of the well higher than the formation pressure. However, the pressure
of the oil/gas can increase so fast that there is no time to increase the density
of the mud. Then oil/gas is forced into the mud expelling mud from the top
of the well. This is called a “kick off”. When a kick off occurs, a hydraulically
operated safety valve called blow-out preventer (BOP) is activated to “shut
in” the well at the top. As last option the whole drilling string can be sheared.
Although a single well may tell if an oilfield is going to be economical to
develop, if the field is to go into production many more wells will be needed.
For economic reasons these wells will all start from the same installation but
will curve (deviate) away from the installation in different directions. Several
different types of mobile drilling installations are used for the initial drilling
operation. If the drilling is not successful, the installation can be moved to
another location. Different types of installations are in use: jack-up, semisubmersible, drill ship and land rig platform. The type of installation used
depends on the water depth, weather conditions and capabilities of the ‘rig’.

JACK-UP. A jack-up rig is a floating platform, which has legs attached
to the side. These legs can be lowered to the sea bed and then jack the
platform out of the water. It can be either self-propelled or towed to its
location. For long distance semi- submersible vessels are often used to
5
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transport the jack up rig. Once in position the legs are lowered to the seabed
prior to starting drilling. The legs of the tallest platforms are as long as 120
meters. Jack-ups normally work in water depths of up to 100 meters, they
rest on the seabed and have an air gap (distance between water level and
lowest structure deck) to stay clear of the high seas.

SEMI-SUBMERSIBLE. Unlike the jack-up a Semisubmersible (often called a Semi-Sub) is a floating drilling rig also
known as MODU (Mobile Offshore Drilling Unit) the rig is supported
by two large floats (similar to submarines). A ballast system allows
the floats to sink to various depths and by this technique the floats
are less affected by the wave motion of the sea giving it improved
stability. They are ideal for operations in rough or deep seas like the
North Sea or Arctic conditions. Semi-subs are often self-propelled.
Once on location the MODU may use anchors to hold its position or
it may have a Dynamic Positioning System or DP to hold it in position
maybe with the assistance of anchors. This allows the rigs to work
in various water depths.

Picture 6: float-off of a jack-up rig, Vietnam
Picture 7: jack-up model
Picture 8: Semi Submersible rig, ©Eric Raud

The rigs are used for exploration drilling and are moved from
field to field. To drill a well the derrick is normally on the installation.
However the derrick can be projected over the side of the platform
using a cantilever and by this method the derrick can be placed
overhead of a fixed production platform and can then be used to reenter existing (production) wells for various maintenance operations.
This operation is called a work over.
Picture 9: Semi
Submergible Heavy Lift Vessel
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DYNAMIC POSITIONING SYSTEM (DPS). Dynamic positioning is a
computerized system that uses several special type propellers called
thrusters which compensate for sea movements such as waves and tides
thus allowing a vessel or installation to hold position even in severe weather
conditions) this computer allocates engine power to the different thrusters
under the hull after calculating the desired ships/installations position. The
propellers are omni-directional azimuth thrusters and can give thrust in any
direction as required by the
computer, in order to stay in the
pre-set position. the information
needed for the calculations are
fed into the computer by satellite
navigation, beacons on the
seabed, electronic positioning
systems (Artemis, Syledis, etc),
wind, wave and current
indicators (Picture: DPS).

DRILLING

SHIPS. In
deeper waters mono-hull
drilling ships will often be
used. The drilling vessel
will sail to a drilling
location and kept in
position by using dynamic
positioning or anchors.
The derrick is installed on
the vessel. The drilling
pipes are fed through a

hole in the hull. Because a mono hull is more sensitive to pitch and roll a
wave compensators are used, allowing the ship to move around it’s drilling
position. (© of the picture 8: maerskdrilling.com).

PRODUCTION. When a geological survey and an exploration drilling
establishes that there is sufficient recoverable oil/gas in a reservoir to justify
the cost of recovering it then exploitation may commence. Exploitation
requires special facilities depending on the water depth, costs, abilities to
transport the hydrocarbons, the estimated life cycle of the platform etc.,
different types of production units are in use.

STEELJACKET PLATFORM. Steel production platforms can be divided in
main platforms or unmanned satellites. They are built onshore in different
segments. Usually the supporting jacket, the legs of the platform that rest on
the seabed, is built in one piece. When finished it is towed out on a barge
and sunk into the production position.
The other elements, of the platform (the accommodation, flare boom
drilling and production units, the utility plants etc.) are built in segments and
are placed on top of the jacket by crane barge. The process of putting the
platform together and getting it operational is called the hook-up. The process
of connecting the platform’s production equipment to any pre-drilled wells is
called the tie-ins. when the hook-up and the tie-ins are completed the
platform can start to produce oil/gas. When a production platform is starting
up escaping gas will be blown off. Normally three different possibilities are
available to blow off the gas depending on the wind direction. Nowadays gas
is also produced. When oil will escape it will be flared off.
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CONCRETE GRAVITY PLATFORM. A concrete gravity platform is
built near the shore. On shore the bottom, or cells, are built. Once finished
the floating cells are positioned in deep, protected waters like a fjord, where
the rest of the platform will be built on top in segments. On completion the
large structure will be
towed out to its production
location. As many as 10
strong
tugboats
are
needed for the delicate
manoeuvres of the huge
platform.
When
the
platform is in position the
structure is filled with
ballast and sunk to the
bottom. When the wells
are activated and the
hook-up is completed,
production can start.
Pipelines are often used to
carry the oil/ gas to the shore for refining. The cells can be used to store oil
in case the pipeline is damaged and cannot be used. This allows the platform
to continue production for some days.

storage tank. Shuttle tankers are used to transport the oil stored in the FPSO
to the shore. (Picture 9: FSO Floating Storage Offloading)

SUBSEA WELLS. Not every well head requires a complete platform
to be built. Sometimes complete fields are developed by having the control
equipment on the seabed. The well heads are connected by a pipeline to a
central manifold tied into a nearby platform. By means of a hydraulic system
(the hydraulic fluid is pumped through a flexible pipe called the umbilical) the
wells can be controlled and operated from the central platform. The platform
will act as a collection and booster platform. The oil/gas is cleaned for
transportation and pressures are ‘boosted-up’ to pump the hydrocarbons to
the shore. To support the offshore industry a variety of installations and ships
are in use.

FLOATING PRODUCTION STORAGE OFF LOADING VESSEL (FPSO).
These installations are mobile production units used for smaller fields where
building a platform is not lucrative. When the wells run dry, the installation in
its entirety can be used at other locations, saving the costs of developing and
building a new installation. The former tanker vessels are converted to a
production installation and storage tank. The ship is moored on a single buoy,
allowing it to move with the current and the wind. The flow lines from the
well are connected to the bow of the installation and oil is stored in the

Picture10: Subsea overview
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Offshore hazards
In common with all heavy industries, there are many hazards in the
offshore sector. Many of the problems arise because there is so much activity
contained in a relatively small area. Comparative industries on-shore use a
far more spacious set-up. This means a problem in one area can have an
effect on the adjacent areas. For this reason, personnel must be aware that
their actions could directly influence the safety of others on the installation.
Another difference with similar on-shore activities is the location offshore.
The sea, as a workplace is a hostile and remote environment. If problems
force us to abandon an offshore installation, we cannot simply walk off. It is
also much more difficult for outside agencies such as the Coast guard or Fire
brigade to be of immediate assistance. This makes the industry focus on
safety and emergency response. It is a legal requirement to do a risk
assessment of all operations on an offshore installation and to install systems
that control and mitigate hazards. By identifying possible risks, technical,
organizational and personal factors can be adjusted to control or mitigate the
risks. Also if not daily routine work is carried out before commencement Task
Risk Assessments (TRA’s) or Job Safety Analysis (JSA’s) are carried out.

Training is one tool to reduce possible problems caused by human
factors. By making people aware of hazards to be encountered, personal
behavior can be influenced, minimizing the human element as a risk factor.
The industry has set up and continually improves training for safety
awareness and emergency response. This training makes people aware of
the hazards and the resulting risks and teaches personnel to cope with critical
situations by using safe working procedures.

HIGH PRESSURES. Oil and gas wells contain hydrocarbons under high
pressures. To control a possible blow out (which is an uncontrolled flow of
oil and gas from the well under pressure), Blow Out preventers (BOP’s) are
installed. BOP’s are emergency valves that will shut down the well completely
when the pressure rises above a pre-set value. In extreme cases the
pressures are so high that the complete well shaft is blown out and the BOP
can no longer prevent an uncontrolled flow of hydrocarbons, very often
resulting in explosions and fires and environmental damage is then inevitable.
There are three variations of blow outs possible: surface blow out,
underwater blow out and derrick blow out.

The acceptance of the
recommendations made by
the public inquiry into the
piper Alpha disaster led by
Lord Cullen has led to worldwide requirements for safety
management systems (SMS)
and safety case regulations.
Picture 11: Piper Alpha disaster
(©NC)

Picture 12: oil spill
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Underwater blowouts can cause
gaseous water (shallow water)
causing stability problems to
floating installations and ships.
To control the flow of
hydrocarbons during normal
production a Christmas tree is
installed on the platform. These
main valves will regulate the
amount of oil and gas entering
the platform from the well. The
Christmas tree also allows us access to the well with tubing’s to monitor and
influence the production process from the inside. (Picture 13: Christmas tree)

HYDROGEN SULPHIDE. H2S-gas or hydrogen sulphide is a by-product in
the drilling and production process. The gas is lethal and there for it must be
detected as soon as possible. Special detectors indicate its presence. The
dangerous thing about the gas is that you can only smell the low
concentrations. The smell at lower concentrations is like rotten eggs. As the
concentration gets higher the gas will affect the central nerve system and
can be dangerous/lethal. The maximum exposure level is set at 10 ppm. This
year reduced by the European countries to a lower level from the 1st of
January. It is reduced to 1,6 ppm of 2,3 mg/m3. It is safely to work in an
environment without breathing protection if you don’t exceed the maximum
exposure limit this is the lowest concentration for 8 hours a day or 40 hours
a week safe to work in. Apart from being toxic the gas is also flammable.
When burned the gas sulphur dioxide is produced which is also toxic.
As the gas is heavier than air, it will flow to the lower parts of the installation.
In case of a gas alarm we should there for use alternative muster stations
near or on the helicopter deck. H2S gas sensitive installations must take extra
precautions to prevent gas leaks, must have special personal detectors, a
continuous measuring system and alarm systems in place. They must also
train personnel in how to cope with gas alarms.

STRUCTURAL DAMAGE BY COLLISION. Offshore installations are not
alone at sea. Many of the installations are situated near and sometimes even
in the shipping lanes. Although ships movements are controlled by shore
based radar systems and traffic separation zones the chances of a collision
still exist. To minimize the chances of a collision offshore drilling and
Picture 14: Blow-out Sdeco 7
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production units have a 500meter safety zone around the
platform. No ship is allowed in
this zone without permission
of the platform. Because of
this
risk
the
Dutch
government hired a special
ocean going tug to prevent
these kind of incidents. The
vessel Waker is on duty at
open sea in stormy weather.

Chemicals causing
long-term effects are:
the difficulties with
long-term effects are
the incubation time
before they show.
 Asbestos.
 Alcohol
(abuse)
 TAR
 Some metals (Mercury)

(Picture 15: vessel Waker)

1.2 Personal and occupational risks
1.2.1 CHEMICAL HAZARDS
In a typical offshore environment many different kind of chemicals occur.
Different chemicals develop different risks:
 Poisonous usually referred to as toxic substances.
 Corrosives - acids and alkalis causing burns and severe corrosion.
 Chemicals that cause fires and explosions.
The poisonous chemicals can cause short-term and long-term effects. Shortterm effects: the symptoms show almost directly after the initial exposure.
 Problems with breathing.
 Problems with skin and eyes.

The proper actions to cope with chemical hazards are therefore focused on
prevention. The first step in controlling and mitigation is trying to replace the
dangerous chemicals for less harmful substances. If not possible we must
try to minimize exposure by using a totally enclosed system and ventilation.
But also by job rotation, changing the properties of the chemicals (pellets
instead of powder) using personal protective equipment and of course
making people aware of the hazards. Special Chemical data sheets (MSDS
material Safety Data Sheet) and work permits are used to identify the risks
in working with chemicals and supplies the worker with a safe working
procedure to minimize the risks. Work permits have to be used for the work
with chemicals. (Picture 16: typical working area)

1.2.2 ELECTRICITY
Electricity is a non-obvious hazard for non-electricians. You cannot see, smell
or feel it (unless it is too late!). Precautions to work safe with electricity are:
isolation to make sure “wires are dead”. Also called the logging and tagging
system. As a rule, you should not work on “live” installations. Safeguarding
11
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that the installations cannot be switched-on again during the job is vitally
important. Working with electricity is a specialist job and is covered under
the permit to work system. Electricians are trained in these specific job
related hazards.

1.2.3 NOISE
Noise can be defined as dangerous sound levels above 80 dB(A). Exposure
to sound levels > 80dB(A) for a long period can damage the hearing. (When
exposed to 80 dB(A) for 8 hours, 50% will suffer from hearing damage). Also
short high peaks (like an air-gun shot) can cause damage. The damage is
irreversible and should therefore be prevented. Law states that noise levels
should be reduced at the source by using silencers and noise absorbing
material if possible. The next step in reducing the hazard is to isolate the
work from the worker, e.g. control rooms. Also good maintenance and proper
organization of the work can reduce noise levels. The last step is wearing
hearing protection. (see
PPE). On the next photo you
will see compulsory signs
what to wear working on this
area of the installation. The
personal
protective
equipment PPE are pointed
out in blue compulsory signs.

1.2.4
SIDE

WORK OVER-THE

When working ‘over-the-side’
e.g. -, there is a change of

falling in to the sea. Precautions in order to carryout jobs safely are stated in
the work permit and can include:






Risk assessment.
Task Risk Assessment
Safety Job analysis.
Precautions to take.
Personal protective equipment such as fall protectors, working
jackets, proper clothing.

In some occasions the stand-by boat is called in to keep an eye on the work
‘over-the-side’. Should somebody fall overboard immediate actions can then
be taken without delay. Restrictions for weather conditions and
environmental circumstances are included in the safe working procedures.
(Picture 18: over the side works)

1.2.5 MANUAL HANDLING
When people are at work they are dealing with ergonomics. The personmachine interaction is an example of ergonomics. This is the body position
in relation to the task of the machine. Another example is manual handling.
Manual handling includes lifting, pulling, pushing and carrying. The body
posture during jobs including manual handling is vital to prevent injuries.
Incorrect handling of materials can cause strains and pains. Most of the
problems caused by manual handling are sited in the back.
Safe lifting techniques are developed to reduce back injuries caused by
incorrect handling:
12
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Is there a possibility to use lifting equipment?
Can the load be lifted by one person (< 23 kg)
Or are more persons needed?

When lifting:
 Keep your back straight.
 Keep the load close to the body.
 Before lifting, check the load (point of gravity, where to hold and how,
instabilities etc.).
 When lifting, use your legs.
 Before moving the load make sure the path is clear of obstructions.
 Don’t lift the load higher than shoulder level. (if so use stairs or lifting
equipment).
For pulling and pushing similar techniques are developed.

LIFTING MATERIAL
For lifting specific requirements are used offshore. On board offshore
installations there are many different lifting materials present. Most
offshore installations have deck cranes and other lifting equipment to move
materials. Before use check the SWL (Safe working Load) of WLL (working
Load Limit) is present on the lifting equipment. What is the weight of
material to lift? Many offshore companies also use the yearly colour code.

Picture 19: offshore cranes. (© offshore-crane.com)

1.2.6 RADIATION
Radiation is energy transmitted, emitted or absorbed as particles or waves.
Various sources in the industry emit radiation but it is also a natural feature
of the environment. Continuously we are exposed to radiation from radar,
microwaves and radios, screens etc., mostly with adverse effects. In the
industry high radiation levels are used for non-destructive testing or
navigation systems. Also production wells can be radioactive because of the
earth’s radiation areas effected by radiation are called LSA Low Sensitive
Activity areas. The hazards from radiation cannot be seen, the effects to the
human body show later. Year’s later people suffer from blood cancer or
diseases in the reproductive organs.
When working with radioactive sources special precautions should be taken:
 Only use radioactive sources if other, less dangerous equivalents
cannot be used.
 All sources of radiation should be clearly marked with appropriate
safety information.
 Under the health and Safety at work regulations there is a requirement
for a written risk assessment.
 Protective equipment to be supplied and worn. The equipment must
be appropriate and well maintained.
13
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Entry of the workplace only for authorized and classified personnel!
A specialist must be appointed to monitor and advise on use,
precautions, controls and exposure.
Emergency plans.
Written authorization by permit.




Picture 20: A worker using the
swing rope. (© Elite offshore)

1.2.7 TRANSPORT TO INSTALLATION
The level of safety depends on people’s behavior, design, competence of
crew. It is very important that passengers travelling offshore are aware of the
hazards and follow all instructions. Different methods are being used to
transport offshore workers to the platforms such as:





Helicopter
Boat transfer
Personnel Basket
Boat transfer with swing rope

The use of the helicopter will be discussed in the chapter helicopter safety of
this course. But this is of course the most common way of transport to an
installation. It is safe and fast. By boat is something what you see more often
a special designed boat approaching and berthing to an unmanned platform
or windmill which doesn’t have a helicopter deck. Often additional training is
required. The “personnel basket” is back but in an upgraded version. A lot of
offshore companies still will not allow this. The “swing rope” is not used on
the North Sea but it is still used in the Far East. With a boat you will be
transported to the platform and with a swing rope transferred to the platform.
The “boat transfer” is something what is increasing more and more. Off
course this is depending on weather conditions but with the grow of
developing wind parks you see this is a common way of transportation.

1.2.8 ENVIRONMENTAL ASPECTS
Each individual must have an environmental awareness. In practise this
means that one should keep his workplace tidy and that ‘dumping’ waste into
the sea must be avoided at all times. Because there are national and
international rules and regulations developed and maintained, on board
special waste treatment programs are in place. Waste products must be
collected in separate skids and transported to the shore. To control and
mitigate hazards operators must comply with the offshore legislation.

1.3 Welding, working at height and in confined/enclosed
spaces
1.3.1 WELDING, CUTTING AND FLAME CUTTING
Welding is a process whereby two heated pieces of metal (either with or
without the addition of another material) are attached to each other. When
cutting or flame cutting, hot metal can be 'sliced' into smaller pieces.
14
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When welding, a distinct on is made between two different methods: arc and
gas welding. A lot of welding, cutting and flame cutting activities require a
work permit. This usually applies when such work is carried out in a high risk
environment.




Make sure that the appropriate extinguishing agents are close at
hand.
Use the correct personal protective equipment such as a welding
(respirator) helmet, welding apron, protective clothing for welding
and safety shoes.

Arc welding. The most common welding technique is are welding. This is
when electrical current is used to melt metal. Same extremely serious
hazards and risks are associated with are welding:
 electrocution: due to the fact that one is working with electricity;
 fire and explosion: through sparks and flying pieces of metal
(spatter);
 damage to the retina of the eye: through ultraviolet (UV) radiation;
 respiratory complications and poisoning: through welding fumes
and vapour;
 burns to the skin: through high temperatures and hot surfaces;
 incorrect posture: in difficult to reach areas (above your head, for
example)
 blindness: through extremely bright light.
To prevent these hazards and risks, one must adhere to a number of safety
measures when carrying out tasks involving are welding.
 Make sure the welder has a permit. In the permit, conditions are
listed which must be respected when doing such work.
 Make sure fumes and vapour can escape through good
ventilation, meaning the surrounding air quality can be described
as healthy.
 Use welding curtains to protect the surrounding environment
from UV and IR (infrared) radiation.

Gas welding. Gas welding uses a bright flame formed from a combination
of pure oxygen and acetylene (or propane). Gas welding melts the metal by
way of an extremely hot flame. Various hazards are associated with gas
welding, cutting and flame cutting:
 Fire and explosion with the release of acetylene. Acetylene is
lighter than air and will rise. This can accumulate and form an
explosive mixture of gas.
 Fire and explosion with the release of propane. Propane is heavier
than air and can therefore accumulate as an explosive mixture in
potholes, excavations and basements.
 Fire and explosion through the (uncontrolled) release of oxygen.
Oxygen tanks are pressurized and can explode when flashbacks
occur, for example, and flames travel back into the propane or
acetylene canister. Furthermore, pure oxygen is oxidizes, which
means oil, for example, can burst into flames when in contact with
pure oxygen.
When gas welding, you should therefore also adhere to the following safety
measures:
 Acetylene canisters must stand up straight or be laid down at an
angle of less than 30 degrees.
 When using propane, the area must be well ventilated and/or gas
levels must be constantly controlled;
15
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Line rupture protection valves must be placed onto all gas
canisters. These safety valves ensure that the gas supply is
immediately halted should a gas supply pipe rupture.
Propane and acetylene tanks must be fitted with flashback
arrestors (or flame arrestors). These are placed between supply
line and torch.

1.3.2 WORKING AT HEIGHT
According to HSE regulation, work at height involves heights of at least 2.5
meters above ground level, and risk of falling above hazardous locations,
such as those housing moving parts or water.

When working at height, there are a number of hazards and risks. You could
fall from the edge of the roof or a high floor, you could fall through a floor
opening, or be struck by a falling object. For work at height, there are
therefore a number of safety measures that should be followed:






Make sure all platforms, scaffolding, signs or work floors are safe.
Place fences, handrails or other similar features, such as at least
one handrail, intermediate rail, or edging (side rail).
Place nets.
Close floor openings.
Use personal protective equipment such as safety helmets, safety
footwear and fall protection.

Flat roofs. A flat roof or floor of a building or construction usually has a solid
surf ace. This often gives a feeling of safety. For activities on flat roofs, the
risks exist for falling over the edge or falling through if the roof is not strong
enough. If working on a flat roof at a distance of more than four meters from
the roof edge, marking is sufficient. lf the roof edge is within four meters,
roof edge protection must be placed in the form of a fixed rail or balustrade,
or nets must be placed. If these collective measures are insufficient, a
personal safety harness must be worn.

Sloping roofs. To work safely on a sloping roof, you must have sufficient

Picture 21: Working at height (© www.heightspecialists.com)

grip when walking and the roof must be sufficiently strong. If this is not the
case, walkways must be constructed. This distributes the body weight over
the roof. Walkways must be sufficiently long and must be supported by roof
beams. Sloping roofs also fall under the same regulations as those for fall
protection on flat roofs.
16
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WORK AT HEIGHT EQUIPMENT
Ladders. The use of a ladder is only permitted when covering a certain
height and for light and short-lived activities. A ladder may only be used when
scaffolding is not possible. Try to work with a ladder as little as possible.
Above wind force 6 you are no longer permitted to use one.



When climbing a ladder, keep the following in mind:



When using a ladder, you must adhere to the following rules:







The maximum height that can be bridged with a ladder is 7.5
meters (as measured from the user's feet)
Only short-term activity, with a maximum of 4 hours per day, may
be performed on ladders
A force of 100 N (Newton) applies. 100 N is the same force as
that of gravity upon a mass of 10 kg on earth. Anyone who exerts
excessive lateral force when standing on ladder might fall.
Reach is limited to an arm's length outside the ladder's uprights.
Ladders must be approved with a visible inspection sticker.

When placing a ladder, take note of the following safety measures:






The ladder must be placed on a flat, firm surface.
Set the ladder at an angle of75 degrees. To determine the right
angle, you must stand with your feet at the bottom of the ladder.
When you can straighten your arms and reach the uprights, the
angle is good.
The bottom of the ladder must be fitted with a ladder stabilizer.
The top must be secured with a rope to prevent slipping.
To allow safe access to a flat roof or floor, a ladder must project
at least one meter above the place to which it gives access. lf not,
sufficient security when lifting and unloading must be provided.

Do not place a ladder upside down or back to front.





Keep ladder rungs and feet clean, because dirt will hide any faults.
Oil and snow make a ladder slippery.
Always use a ladder facing towards the rungs and always have
three points in contact with the ladder: two feet and one hand, or
two hands and one foot.
Ladder access must be either free or marked. Make sure there
are no obstacles present.
Block a doorway or access point behind a ladder so that someone
cannot open a door and strike the ladder.
A metal ladder must be placed at least 2 meters away from live
sources of electricity (power cables). In these cases, one should
use a wooden or plastic ladder.

Standing scaffolding. Standing scaffolding are mainly used for
construction, cleaning and inspection. A standing scaffolding is not mobile.

17
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

Hanging scaffolding. Everyone has seen a hanging scaffolding mounted
on the facade of a large building. They are used for maintenance and cleaning
activities. A hanging scaffolding has no fixed anchor points, but is suspended
via a pulley system. This allows the edge protected work platform to be
moved vertically.
The following safety measures apply to hanging scaffolding.


Picture 22: Offshore scaffolding (© JECS)


When setting up a standing scaffolding, a competent supervisor must be
present. Scaffolding strength and stability calculations should be made and
there must be instruct ions for construction and dismantling.
Never make any changes to a scaffolding. Do not let materials and tools swing
on scaffolding and do not work on a stepladder or a ladder which stands on
the scaffolding.
When loading materials, consider the scaffolding's maxim um load. The Safe
Working Load can be found on scaffolding documentation.
Only trained staff can construct a scaffolding. After construction, scaffolders
must guarantee that the scaffolding is properly constructed. This is proved
by means of a scaffolding card (also known as scaff-tag) which shows
whether a scaffolding is safe to use or not. A scaffolding card also indicates
whether a scaffolding is approved with an accompanying validity date. The
scaffolding board hangs on the scaffolding so you can always see if it is safe
to climb.








The hanging scaffolding must be tested before use.
To prevent any person from being injured by falling objects, the
area under a hanging scaffolding must be marked with a warning
strip or fence.
The operator should not exit when there are other persons in a
hanging scaffolding and if the mode of operation is not mounted
onto the hanging scaffolding itself.
In case of malfunction, a hanging scaffolding must be abandoned.
A hanging scaffolding must never be left unattended when ready
for use.
In case of no or reduced eye contact between the operator and
the person in the hanging scaffolding, a communications device
must be used.
During operation, the maximum load must not be exceeded.
There is always a risk that the hanging scaffolding will tilt. Users
are therefore required to wear a safety harness which is attached
to a special anchor point.

Rolling scaffolding. Rolling scaffolding have some advantages over plain
steel standing scaffolding: they are much lighter and easier to move, because
18
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they have wheels. However, they also have their disadvantages: because they
are lighter and narrower, they are less stable than an ordinary scaffolding.
The following rules apply when working on rolling scaffolding:






Place wheel blocks before climbing the rolling scaffolding.
Climb the scaffolding from the inside. The sides are in ladder
form.
Put all materials and tools in a safe place.
Keep the platform clean and sprinkle with smooth sand.
Scaffolding stabilizers are intended for scaffolding rigidity, and are
not meant for climbing on.

Man-baskets must be checked with
written proof of this readily provided.
On the outside of the basket, the safe
working load, the systems own
weight and the permitted number of
persons must be visible.
Operating regulations
baskets are strict:


The moving of a rolling scaffolding is also regulated:





The scaffolding may not be moved if something or someone is on
it.
Stabilizers must remain as close to ground as possible and if they
have wheels, the wheels must be in contact with solid ground.
The stabilizers must not be able to shift during transfers.
The floor on which the scaffolding is rolled must be flat and hard.
lf this is not the case, use rails or U-profiles.





for

man-

The crane engineer and
persons in the basket
must, where possible,
have eye contact - they must be able to see one another;
They must be able to communicate with each other;
One person gives instructions to the crane operator. lf multiple
people give instructions, confusion can occur;
Mandatory safety harnesses must be attached to the basket;

Aerial work platforms. The aerial work platform is mobile working
equipment for transferring people to workplaces at height. Examples of aerial
work platforms (AWP’s) are:

Man-baskets. Man-baskets are used to lift persons by means of a crane.
Man- baskets are hung from the crane on quadruple-leg slings of high-grade
steel cable. These may only be used when scaffolding, platforms and ladders
cannot be used.





self-propelled aerial work platform (with own motor with which it
can be moved);
trailer, lorry or truck-mounted aerial work platform;
scissor lift

19
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

Hazards associated with aerial work platforms are electrocution, collision,
falling objects (from the platform), crushing between object and AWP,
toppling of AWP and falling from AWP.
The aerial work platform operator must have proven expertise. In other
words, he/she must pass an exam and be in possession of a
diploma/certificate to prove this.
The aerial work platform must show a valid inspection sticker, have clear
instructions for use and a plaque showing the Safe Working Load. In the
logbook, you will find records of inspections, maintenance and repairs.
Operating instructions must be clear.
An aerial work platform must be horizontally positioned on flat ground and
fenced off from the surrounding area. Self-propelled aerial work platforms
should only be moved with all stabilizers slid back into safety mode, crane
arm down with the platform in neutral position, and according to operating
instruct ions. An AWP is not intended to carry out lifting work, and there is
no hoist. Exiting at height is prohibited.
People working on an aerial work platform must always wear a safety harness
attached to the basket. At heights above 25 meters, a walkie-talkie must be
available. lf an aerial work platform is used in a hazardous environment, there
must be someone on the ground to assist should this be necessary.

CONFINED & ENCLOSED SPACES
An enclosed space is a (work) space with the following features:








Narrow, small, damp, slippery space with little movement space.
The space is not intended for people to stay in.
Cables and pipes often found in unexpected places.
Hardly any natural ventilation.
Difficult to access.
Poor exit options.
Illuminated.

The features do not all have to be present at the same time to be called
'enclosed'. Examples of enclosed spaces are storage tanks, sewers and
drainage pipes, lift shaft s, crawling spaces, cellars and tents when
excavating, and pipelines.
The main hazards when working in enclosed spaces are electrocution,
fire/explosion and suffocation/poisoning.

Electrocution. The chance of electrocution in an enclosed space is
increased because the temperature in a narrow space can become high. This
is due to insufficient ventilation. Because temperatures are high, you will
sweat more. Sweat causes current to flow better. If you then come into
contact with electricity, you can be electrocuted. Because electrocution is to
be avoided, low voltage electrical equipment must be used. lf electrical
equipment must be used in an enclosed space with conductive walls, one
must only work with safe voltage levels.

Fire and explosion. There is a higher chance of explosion in an enclosed
space. There are multiple reasons for this:
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Because the space is not
well ventilated, the lower
explosive limit (LEL) is soon
reached, when spraying paint or
using a paintbrush in a tank, for
example.

Flammable substances can
be close by.

The presence of flammable
substances within the materials
used to construct the enclosed
space, or a flammable vapour
which is released when rust
layers are removed.

Open flames or sparks in an


in an enclosed space. Swallowing, inhalation or skin contact with such
substances may cause poisoning.
To prevent fire and explosion, suffocation, poisoning or intoxication, provide
natural ventilation, mechanical ventilation or local suction fans when gases
and fumes are released. In addition, periodic or continuous measurements
should be performed by a skilled person in multiple places within the
enclosed space.
Rules of safety for the entering of enclosed spaces. When entering an
enclosed space, you must adhere to the following safety rules:

enclosed space.
Oxygen escapes from pipes or torches that have not been closed
of properly.

Suffocation and poisoning. When oxygen levels are low, suffocation can
occur. Low levels of oxygen can exist by lack of ventilation or when oxygen
is used or expelled, such as when nitrogen is present. When levels of oxygen
are too low, the lungs will not absorb enough oxygen. You will become dizzy
and sleepy. Death can follow a period of unconsciousness.
The chance of poisoning is greater in an enclosed space than outside. Due
to the small area in combination with insufficient ventilation, concentrations
of released or already present dust, gases and vapours can rapidly increase






The
enclosed
space
must be clean and
dry.

Pipes
connected to this
space are removed
or disconnected.

The oxygen
percentage in the
enclosed
space
must be at least
19%, unless independent respiratory protection is used.
The concentration of combustible or explosive gas mixtures must
be less than 10% of the LEL (lower explosion limit).
The concentration of toxic substances or vapour is lower than the
limit value of these substances in ambient air in space.
There is sufficient ventilation.
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There are warning signs for access to prevent entry by
unauthorized persons.
 A valid work permit or prior written permission is available.
 The length of stay in an enclosed space must be as short as
possible.
 An enclosed space may only be accessed by people 18 years of age
or older.

Regulations when working in enclosed spaces. If working in an

In addition, a supervisor (also called a watchperson or surface watchperson)
should always be present and constantly observe the situation. The
supervisor controls ventilation quality and communicates with whoever is in
the enclosed space. When a person is in danger, he/she alerts emergency
services. The supervisor must be trained and able to demonstrate his/her
skill through specific training and a recognized HSE diploma.

hoses used must be checked for leaks. Gas canisters must be placed outside
the enclosed space and during breaks, and at the end of activities torches
and hoses must be placed outside the area.

enclosed space with high risk apparatus and materials, extra measures are
necessary to prevent accidents occurring.

Moving parts. Moving parts in an enclosed space have to be put out of
operation by a skilled expert and be locked.

Use of oxygen and other gases. When using oxygen and other gases,

lf high risk activities take place in an enclosed space, extra safety measures
will be necessary.

Welding and cutting activities. When welding and cutting in an enclosed
space, one should keep to the following rules:

PPE in enclosed spaces. Often working in enclosed spaces means extra








PPE’s need to be used:







Independent respiratory protection (no filter masks!): if the
concentration of hazardous gases/vapours are higher than safe limit
and/ or levels of oxygen are too low.
Ear protection: if there is a lot of noise present; the type of ear
protection needed is dependent on the type of activities carried out
as well as the type of enclosed space.
A life line, unless its use will create additional hazard(s).
A gas - tight suit (if gases or vapours are present which could be
absorbed through the skin).

Flammable substances must be removed or contained.
Extinguishing equipment must be within reach.
Gas canisters must be placed outside the enclosed space.
Gas canister hoses must be controlled for leaks.
Suction fans must be used when welding fumes are present.
When you are welding, safe voltage levels must be used.

Painting. When painting in an enclosed space, extra measures should be
taken.



Use independent respiratory protection.
The entire space must be ventilated (maximum 10% LEL)
22
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All paint spraying apparatus needs to be earthed if static electricity
is a concern.
The enclosed space must be ventilated a few days after the use
of paint products. Some paint products will release fumes at a
later stage, while some require oxygen to dry.
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2 Working safely
2.1 Working Offshore: general recommendations
Living and working on an offshore installation means that you will work on a
more potentially hazardous area. Because you work with a large crew on a
relatively small area, this will mean you must be able to work and live
together. After landing on the helicopter deck you will be supported by the
HLO (helicopter Landing Officer) and HDA (Helicopter Deck Assistant) in the
safest direction to clear the helicopter deck. One deck be- low the helicopter
deck lifejackets will be collected and handed over to the persons flying back
to the shore.

Safety briefing. Arrived at the radio room or reception you will receive a
cabin number and you will be informed about your assembly point in case of
an emergency. If this is your first time on the platform you will receive a
safety tour in combination with a safety DVD and safety booklet or card. In
the safety briefing the following important issues are covered:








Layout of the platform or vessel.
The visual and audible alarm signals.
Muster (assembly) stations. Often a place in the accommodation or
an area close to the lifeboats is used.
Emergency Response duties.
Safety rules and required personal protective equipment PPE.
Permit to work system.
House rules, work and rest times and hygiene.

Familiarization. After arrival on the platform or vessel make yourself as
soon as possible familiar with the layout. Use the safety drawings for this
purpose. The station bill will give you all information about the alarms and
how to act on those. During the safety tour important areas will be highlighted
such as:










Assembly stations and alternative assembly stations
Lifeboats
Alternative lifesaving equipment
Escape routes
Control room
Hospital
Accommodation, mess room, radio room e.q.
Helicopter deck
Work area’s

Working routine. A working shift is normally 12 hours and a working day is
divided in a day shift and night shift.
Outside the accommodation you have
to use the prescribed personal
protective equipment. You have the
obligation to participate in the Safety
Management System SMS. All
incidents, accidents, first aid cases
and illness must be reported.
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Personnel protective equipment (PPE). All personnel must use the
compulsory personal protective equipment (PPE). The PPE must be the
proper type for the job carried out.
The following minimum PPE is required:
 Safety helmet (hard hat)
 Safety glasses.
 Orange (conspicuous colour) and fire retardant coverall
 Work gloves
 Safety shoes or boots (rig boots)

Drills and exercises. On a regular base safety drills are carried out. This
can be a simple one such as sounding an alarm to see what the response is
according station bill and muster list or a large table top exercise in
combination with the company onshore staff and local authorities, such as
search and rescue organizations. Those exercises are evaluated to see if the
timeframes mentioned in the emergency response plans are met.

Smoking and alcohol are not allowed offshore, most companies have a
smoking policy what will mean that certain areas are dedicated as smoking
areas.

2.2 Personal protective equipment (PPE)
Safety is dealing with the existing hazards. A hazard is an event that
can cause harm to people, the installation and/or the environment. It
is best to eliminate hazards at the source (where practicable). The
last option is to protect people against hazards. This means we allow
a risk/hazard to exist. The worker is protected against injuries by
using Personal Protective Equipment (PPE).
PPE means any equipment intended to be worn or held by the
employee to protect him/her from one or more hazards that may
endanger his/her safety or health at work. This includes all additions
and accessories, such as gas mask filters.

Safety meetings. Daily and weekly safety meetings are organized to discuss
daily routine work but also non-daily routine work. Also “tool Box meetings”
are used to dis- cuss how certain work is carried out. In this tool box
meetings safety related issues are also discussed.
Spare time. After a shift it is possible to relax from a hard day’s work. Leaving
the platform is not possible so, as an alternative there are facilities to relax
such as a fitness area, television/video room, game computers. Also there
are facilities to communicate with the home front think of internet and public
phone (cell phones will not work in most cases and some oil companies
refuse cell phones).

Picture 23: PPE to work at height
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PPE cannot prevent accidents. They can only prevent or reduce injury when
accidents and incidents occur. They therefore protect against the
consequences of hazards and may be used only if these hazards cannot be
avoided, isolated or shielded at source, and cannot be solved by collective
measures.
PPE is therefore a last resort. It is only used when other measures are not
possible.
Three parties are involved in PPE use:

The manufacturer. The manufacturer must ensure that the PPE effectively
provides the promised protection, that it is reliable and tested and that it
meets legal CE requirements. All PPE’s require CE marking.

EYE AND FACE PROTECTION
It is important that you protect your face and eyes properly from hazards. In
the event of the following, you must wear eye and face protection at all times:
 Flying hard, sharp debris.
 Flying glowing particles when grinding, welding and flame cutting.
 Flying dust particles when chopping and drilling.
 Splashing of corrosive, irritating or harmful liquids.
 Heat, light and radiation: ultraviolet (UV) and infrared (IR).
For eye and face protection you can use safety goggles, panoramic safety
goggles, face shields, welding goggles or welding helmets (also called
welding screens, welding shields, or welding masks)

The employer. The employer or recruiter is responsible for the free supply

The choice of eye and face PPE must be appropriate to the nature of the
work.

of appropriate PPE, giving (or arranging) the associated instructions, and
supervision of their correct use.

Safety goggles. Safety goggle lenses are made of hardened glass or plastic.

The employee. Finally, the employee is required to make correct use of
PPE, and to clean them according to instructions. Their maintenance requires
regular control l, careful storage and proper treatment and use. For example,
clean safety goggles after use and put them neatly away in the correct place.

They can be fitted with side pieces which also shield the sides of the eyes.
The frame is often made of fire retardant material. Safety goggles provide
protection against flying hard, sharp debris.

There is a wide range of PPE’s available for the protection of eyes, ears,
respiratory system, head, hands, feet and body. We will have a look at them
all in the following pages.
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Panoramic safety goggles. Panoramic
safety goggles cover the upper part of the
face and can best be compared to ski
goggles. The sides have open or dust-proof
ventilation grids. Panoramic safety goggles
are suitable for working in dusty
environments, when chopping, drilling, and
grinding, and with the splashing of
hazardous liquids.

glass or plastic screen protects against glowing metal splashes and splinters.
The dark window protects the eyes against light (ultraviolet and infra-red),
the radiation of light, and heat.

Welding helmet. A welding helmet (or welding screen. welding shield,
welding mask) covers the entire face. The welding helmet also has a dark
screen. but not always in combination with a clear one. A welding helmet is
used during are welding activities and protects the entire face against
ultraviolet and infrared radiation, flying metal debris and sparks.

Face shield. A face shield is made of plastic or metal gauze and protects

EAR PROTECTION

not only the eyes but the entire face.
Plastic face shields protect
against hazardous liquids and
airborne particles. They are used
when operating high pressure
cleaners. A metal gauze shield
protects against airborne or flying
particles, splinters and slivers.
Because the face shield does not
fit close to the face, it covers less
than panoramic safety goggles. Please note: a face shield will not protect you
from chemicals, gas, vapour and dust particles that
rise up underneath it!

People who work in a noise hazard environment of 80 db (A) or more can
protect themselves with hearing protectors. From noise levels of 80 db (A),
an employer is required to provide ear protection. When noise levels are 85
db (A) or more. the employee is legally required to wear
the hearing protection provided.

Welding goggles. Welding goggles have two

Disposable ear plugs. Disposable ear plugs give a maximum

surfaces: a clear glass or plastic window and a dark
screen that can be flipped up or down. The clear

soundproofing level of approximately 10 db (A). They are usually plastic
coated and disposable.

Because hearing protectors only help if they are worn
constantly and without interruption, it is important that
they are comfortable and that sound is sufficiently
muted. Ear protection comfort levels are very
subjective. Users must therefore be involved in decisions about which type
should be purchased. Personal hearing protectors are available in many
different sorts and sizes. The effect of each type can differ greatly:
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Reusable ear plugs. These plugs give a
maximum
soundproofing
level
of
approximately 10 - 15 db (A). They can be
found as plastic rods or malleable foam forms
which are placed into the outer ear canal.

Universal ear plugs. Universal ear plugs
have maximum sound proofing levels of 10 - 15 db (A),
depending on tone volume. These plugs will often be
attached to a thin cable, like earphones.

Otoplastics. They can offer
soundproofing to levels of
approximately 25 db (A).
They
are
produced individually, formed
from a wax
cast of the outer ear canal.
Otoplastics are
made of plastic and close off
the ear canal
without exerting pressure on
the ear canal
wall. They are comfortable, very durable, but also quite expensive. The
exchangeable and adjustable filter can be used according to the situation,
while the human voice remains audible.

Ear muffs. Ear muffs will also soundproof
levels of approximately 25 db (A), depending
on sound pitch and ear muff type. Hard, plastic
ear muffs are insulated with sound-absorbing
material on the inside and soft, plastic seals.

RESPIRATORY PROTECTION
During working activities, breathing may be compromised by low oxygen
concentrations, high concentrations of hazardous vapour, gases or dust
particles, as well as by irritating fumes, gases and substances. It is therefore
important to make use of respiratory protection.
There are two types of respiratory protection:
 Respirators
 Independent respiratory protection
With a respirator, ambient air is inhaled through a dust and/or gas filter. You
therefore depend on ambient air. We also call this 'dependent respiratory
protection'.
With independent respiratory protection, ambient air is not used. Clean air
comes from a canister, air supply line or respiratory unit and is blown into
the mask through a hose.

Respirators.

Respirators filter the air, but do not supply oxygen. They
cannot compensate for low oxygen levels and must therefore not be used in
closed-off spaces. For each filter mask, an applied protection factor (TPF)
applies. When using filter masks it is important to observe which filter is
used, as this indicates which concentration of contamination the filter is
appropriate for, and whether the filter is suitable for gas/vapour/dust. If the
lather measured concentration of a hazardous substance exceeds the limit
value, you must check to make sure the filter mask is sufficiently protective.
Respirators have a limited shelf life. The life of the filter depends on the type
of filter, concentration of hazardous substances and amount of air breathed.
There are various types of respirator:
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Disposable mask: A disposable mask protects against
solid and liquid particles, but not against gas or vapour.
For example, it can protect the wearer when sweeping at
a construction site.
Half face mask: Half face masks cover the
nose and mouth and remade of rubber. Half
face masks with dust filters (insertion
mechanism) only protect against dust, and
are no protection against gas or vapour. Half
face masks with gas/vapour filters do
protect against gas and vapour.
These masks are fitted with a screw
connection with a special seal.

or vapour which the filter needs to absorb. It is important that you always
check if the assigned protection factor (APF) matches the contamination
concentration and whether the filter is suitable for the to-be-filtered
gas/vapour/dust.
Respirators stop working after prolonged use. Dust filters get clogged and
gas filters get saturated meaning gas can then leak through.
Independent respiratory protection: Independent respiratory protection
should be used in environments containing less than 19% oxygen in the air
and/or in air with large or unknown concentrations of hazardous substances.
They are also used when working in confined spaces when safety levels are
unsatisfactory.
The air supplied by self -contained respiratory protection is filtered under
pressure and is of high quality. Examples of independent respiratory
protection are fresh air hoods and full face masks with air canisters.

Full face mask: Full face masks enclose the entire
face and work in the same way as half face masks:
full face masks with dust filters (insertion
mechanism). Filters for the half - mask and full-face
mask are classified into three groups. Pl for irritating
substances, P2 for hazardous substances and P3 for
toxic substances.

A half or full face mask dust filter only protects against dust or mist. Gas
filters are classified according to absorption capacity and to the type of gas

Picture 24: offshore workers using an independent respiratory equipment. (©
Sykeplein)
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Fresh air hoods are worn loose over the head and rest on the shoulders.
Fresh air is fed through a hose. Exhaled air is removed at the bottom of the
hood, at the front. A compressor sends fresh air via air ducts or via ducts on
a fan.
In full face masks with air canisters, air is brought into the user’s breathing
space from the canister via a pressure regulator. If you work with a full face
mask with air canisters, you must have had t raining and the opportunity to
practice. The mask must fit well; this must be checked with a fit-test. You are
not permitted to have facial hair, because the mask will not be able to create
a sufficient seal and may leak.
Users of independent respiratory protection must have SOG certification and
have passed an exam at an approved exam center. Furthermore, one must
also be in good physical condition when working with independent
respiratory protection and a medical! Examination is obligatory.
Self-contained respiratory protective equipment must be well maintained and
regularly cleaned.
HEAD PROTECTION. Protective headgear must be worn outside the
accommodation and control rooms. Safety helmets must fit and should be
put straight on the head.
Safety helmets must be kept in good condition, not be modified by painting,
decorations or engravings. Special provisions should be made to issue
welders combined safety helmets, safety face shield or screen units.
Chinstraps must be used when walking or working in windy conditions or
working at elevated locations.

Picture 25: A worker wearing the typical PPE (© BP)

HAND PROTECTION. The use of gloves of the appropriate type protects the
hand against:
 Injuries/abrasions/burns
 Corrosive/poisonous substances
 Skin diseases
Each job requires a particular type of protection. Regular heavy fabric gloves
will minimize injuries. Leather or leather palmed gloves must be used when
working with hot equipment. Rubber or neoprene gloves must be used when
handling chemicals. Long gauntlet types are preferable, except when working
with moving machinery.

FOOT PROTECTION. The aim is to protect the feet from an injury by:






Sharp objects.
Dropped objects.
Corrosive splashing.
Sparks
Slipping.
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Shoes or boots must have steel toecaps, steel sole plates, oil and chemical
resistant soles and ankle padding.

Insulated clothing for cold working environments such as the winter, special
insulated clothing or insulated underwear is available.
Waterproof clothing can be supplied for rainy and windy weather.

BODY PROTECTION. When working, a number of hazards can come into
contact with various parts of the body, such as hazardous substance,
pollution, excessive heat, excessive cold, rain and hazards due to poor
visibility. Body protection is then used to protect the entire body.

Disposable clothing. When working with hazardous substances, disposable
clothing is a must. After wearing such items once, they must be disposed of.

Replace or repair damaged body protection immediately. Contaminated
clothing must be immediately cleaned. Never try to clean dirty clothes with
compressed air, as any contamination can be released into the air and be
breathed in again. Use only tight fitting clothing when working with moving
or rotating machinery.

When working at height, everything must be done in order to avoid falling
hazards, such as the placing of handrails, edge guards or nets. Only when
such collective protection is not possible, or insufficient, are personal fall
protection devices used.

There are various farms of body protection, namely overalls, protective
clothing, disposable clothing, insulated clothes and underwear, rainwear,
high visibility clothing and anti- static clothing.

Overall. The overall is most commonly used as body protection against
contamination. When welding and grinding, a pair of overalls must be made
of non-combustible or flame-retardant material. The overall must fit well with
no loose parts such as flaps and wide sleeves.
Protective clothing should offer specific protection against similarly specific
hazards such as toxic substances, excessive cold and heat, and radiation.
High visibility clothing increases worker visibility at roadworks, for example.
Anti-static clothing is used in areas where combustible and explosive
substances are present.

FALL PROTECTION

Fall protection distinguishes between two separate systems:


Fall restraint;



Fall arrest.

The safety harness or harness be it is the only authorized fall protection
device.
The safety harness consists of various straps that surround the upper legs,
abdomen, chest and shoulders.
A fall prevention system consists of a safety harness which attaches directly
to an anchoring point by way of a lanyard. This lanyard is fixed to the harness
which is attached directly to the anchoring point. A safety harness will break
a fall. The lanyard must therefore be shorter than the distance between the
anchoring point and the point where someone can fall down.
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The fall prevention system breaks a fall and consists of a safety harness
attached to an anchoring point via a fall arrester and a lanyard. The fall
prevention system must be used in such a way that the drop height is as
small as possible and that the jerk at the fall's end is as gentle as possible.
The user must check fall protection equipment for wear and tear before use.
Lf a safety harness has broken a fall, the entire system, including the safety
harness, must be thoroughly inspected by a specialist before reuse. Safety
harnesses must be inspected annually by a certified company.

2.3 Safety signals
2.3.1 Prohibitory
These are signs that prohibit something is not permitted. Prohibitory signs
are round and white with a red border and red diagonal strip. In the white
circle,
a
black
symbol
indicates
what
is
forbidden.

Harnesses, including lanyard and fall arrester, must be stored in a clean and
dry place. Lanyards must not be dirty.
The safety harness must be well adjusted to fit the user's body size.

After a fall has been broken with a safety harness, blood circulation will
become cut off and blood will pool in the lower body. If no help is offered
within 10-20 minutes, unconsciousness occurs, with possible fatality as a
result. Keep your legs moving as much as you can and pull on the
catch line to reduce pressure exerted on the legs. Make sure you
always work in groups of two, then someone is always available to call for
help.
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2.3.2 Mandatory signs

2.3.3 Safety equipment signs

These signals indicate what is required. These are commands. Mandatory
signs are round, blue signs with a white symbol indicating what is required.

A square or rectangular green sign with a white symbol indicating the safety
feature on offer. Symbols used refer to the location of (emergency) exits and
where help and evacuation routes can be found.

(© VectorStock)

(© Shutterstock)
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2.3.4 Firefighting signs
Are square or rectangular and red in colour, with a white symbol indicating
the relevant equipment or the directions to where it is kept. A sign also hangs
at a location where the equipment is kept.

(© Shutterstock)
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2.3.5 Warning signs
These signs alert people to an imminent hazard. Warning signs are triangular
yellow signs with a black border and a black symbol indicating the hazard.
They mean: hazard, warning, pay attention
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2.3 Safety case and reports
The potential for major industrial accidents has become much more
significant with the increase in production (both onshore and offshore) and
the subsequent increase in storage and the use of hazardous substances.
This has highlighted the need for a clearly defined and systematic approach
to the control of such substances in order to protect the workers, the
environment, the general public and the plant and equipment used.
There are specific related regulations for the offshore and onshore
processing sectors. These include the safety case regulations which apply
to the offshore industry for oil and gas related processing.
Similar legislation is in place in many countries around the world. However,
for those countries that don’t have specific legislation, similar standards exist
because of the globalized oil and gas companies employing the same
standards. The code of practice for this standard is laid down by the
International Labour Organization (ILO).
Regardless of which part of the world production activity is being undertaken,
or what regulations apply, the requirements are very similar. Those
requirements are that an organization has to have in place a documented
body of evidence to provide a convincing argument that a system is
adequately safe to operate.
This is achieved by the provision and submission of either a safety case or a
safety case report. It is unfortunate that the terminology is different i.e. ‘case
and report’ because, for the purpose of what they are intended to do, they
are the same thing.

given environment’. Its purpose is to communicate a clear, comprehensive
and defensible argument that a system is acceptably safe to operate in a
particular context.
The purpose of documented evidence such as safety cases and safety
reports. A safety case identifies the threats to an installation and its personnel
Submission. The safety case is submitted from the planning stage of an
installation and stays in place throughout the life of that installation right
through to its decommissioning.
The safety case is a living document and is reviewed by the inspectorate
every 5 years or sooner if a significant change is made to the way an
installation operates or at the request of the enforcing agencies.
A safety case is an overarching document which encompasses all aspects of
health and safety on the installation.
Availability. The safety case report is available to everyone on the
installation.
In the UK for instance, the safety case regulations are underpinned by the
Prevention of Fire, Explosion and Emergency Response Regulations (PFEER)
and the Design and Construction Regulations (DCR).
PFEER focuses on prevention of fire and explosion and emergency response
whilst DCR seeks to ensure the integrity of the asset, which includes the
design, modifications, operations and maintenance elements of the asset.
Also included within DCR is the requirement for a verification scheme
covering safety critical elements (SCEs).

Definition. ‘A documented body of evidence that provides a convincing and
valid argument that a system is adequately safe for a given application in a
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2.4 Personal responsibility for safety (PRFS)
The implementation of personal Responsibility for Safety (PRFS) must be
tackled in a structured way. If we want personnel to consistently exhibit the
“right” behaviors we must provide a support structure, which ensures the
right level of support and encouragement. A change in behavior requires
consistent reinforcement and practice and it is all too easy to inadvertently
stop this evolution through inconsistent management action, loss of focus or
the sending of mixed messages. This guidance is made up of the following 9
elements:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Clear expectations
Effective Communication
Personal Leadership
Personal Risk Awareness
Planning
The Right and Duty to Intervene
Accountability
Self-evaluation
Develop, encourage and Sustain Safe Behaviors

The elements are each divided in two distinct parts. The first part is Personal
Requirements (or the desired personal actions and behaviors) and the
second part is the Support Systems (or the systems and processes which
need to be in place). This document contains some duplication between
elements, which has been deliberately retained so that if the guidance is
being used to address a particular area of weakness, it is not essential to
review the whole publication.

Picture 26: ESCO employees conducting a job safety analysis (© ENSCO)

Additional analysis will be required to identify where the biggest change in
behavior is needed. From this analysis scheduled campaigns will be
implemented to address these specific areas using a range of engagement
methodologies and media. In this way we will prevent overload or initiative
fatigue and achieve progressive behavior change.

CLEAR ESPECTATIONS






Make safety as important as any other personal priority (make it a
big deal)
Ensure you know what is expected of you and your colleagues
Follow the rules and procedures and encourage colleagues to do the
same (doing the job right is more efficient than rushing).
Ensure that you live up to the safety standards you expect of others.
Communicate what you expect of others and check their
understanding of your message.
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Help create a culture of safety within your organization.
Play your part to create a safe and healthy working environment.

PERSONAL RISK AWARNESS


EFFECTIVE COMMUNICATION







Where possible use face to face communication.
Remember to listen and ask open questions.
Check understanding and where appropriate agree actions.
Be sincere and be sure your actions and body language consistently
support what you are saying (Remember the messages you
communicate will be much stronger if you are seen to have a strong
personal belief in safety).
Choose the correct time, place and media to get the message across.

PERSONAL LEADERSHIP










Lead by example, be consistent and follow procedures.
Recognize safe behavior, give praise and say thank you where
deserved.
Have courage to do the right thing and do not tolerate unsafe
behavior.
Demonstrate personal commitment to safety at work and at home.
Believe that you can make a difference and follow up commitments.
Be enthusiastic, open and take time to interact on safety matters.
Give and welcome feedback.
Even when facing conflicting priorities maintain your safety
standards.
Openly share your personal safety commitments.









Get involved in discussions about risks on the job, questioning
anything you do not understand.
Share your experiences with others and encourage them to do the
same.
Get involved in practical work site inspections and always stay aware
of your surroundings.
Even when undertaking a routine activity that you believe is safe
always consider the consequences of the worst possible outcomes
(personal, family, company, legal etc.) and act in a way that reduces
the risk.
Practice your observation skills away from the workplace.
Continually assess the potential influence of changes to the
operation.
Be aware that alcohol and drugs may impair risk perception.

PLANNING







When planning ensure input from all involved, consider any
limitations, ensure you have the time and resources to do the job
safely and request help where needed.
Take time to fully familiarize yourself with the safety aspects of the
agreed scope of work and question any areas that are not completely
clear to you.
Understand your interaction with other people involved in the plan.
Where changes to the plan occur stop work safely and take time to
reassess the situation
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Look for improvement opportunities whilst conducting the job and
provide feedback for inclusion in future plans.

SELF EVALUATION


THE RIGHT AND DUTY TO INTERVENE







Believe you can make a difference and have the courage to challenge
unsafe acts.
Lead by example and take action (think about the consequences of
turning a blind eye and remember you have a right and moral duty
to intervene).
Welcome interventions from others and accept them in a positive
manner
Intervene in a way which is positive, constructive and considerate.
Intervene to learn and to praise positive and safe behaviors as well
as to challenge unsafe behaviors.





DEVELOP, ENCOURAGE AND SUSTAIN SAFEYT BEHAVIOR





ACCOUNTABILITY







Follow the rules; they are there to keep you safe.
Take responsibility and ownership for safety in the environments that
you live and work in.
Take action and offer solutions to prevent accidents.
Take time to think about the positive and negative consequences of
the actions of yourself and your colleagues.
Have the confidence to stop any job that you believe cannot be
completed safely.
Be a positive influence on others and set a good example.

Write down your personal commitments to safety on an annual basis
and share them with colleagues, include measurable targets.
Periodically check how you are doing against your commitments.
Ask for feedback from others who work with you and be prepared to
give feedback to others
Use feedback generated to guide self-improvement.






Start every day by thinking of how you can keep yourself and others
safe and make continuous improvement a personal goal.
Make Risk Recognition a Habit and having identified risks always
implement actions to overcome them.
Consistently do things the safe way at work and at home.
Provide feedback and encouragement on things that work and
constructive criticism for things that don’t.
Explain why the rules and procedures are there.
Share good practice and intervene to change bad practice.
Give and act on positive and negative feedback. Continually look for
opportunities to learn from others.
Keep communicating the benefits of sustained safety.
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3 Risk assessment process
3.1 Risk management techniques
The oil & gas industry, both on shore and off shore, has to deal with highly
volatile products at every stage of their processes including extraction,
transfer of products, storage, refining, etc. All of these processes carry
higher than normal risk of fire and explosion and uncontrolled release of a
hazardous substance. Consequently, this places a huge responsibility on the
industry to manage and control the risks associated with these hazards and
bring risk down to a level which is as low as reasonably possible.
The industry’s recognition of that responsibility has to be demonstrated in
the robust manner in the way it approaches safety issues, the importance it
attaches to safety in general, and the magnitude of resources the industry in
general allocates to safety. Those resources include using risk management
tools operated by well-trained safety personnel who are experienced in the
oil and gas industry.

Risk assessment is an important step in protecting people and the
environment we all have to live and work in, as well as the plant and
equipment. It also allows the business and its employees to comply with the
law.

ensuring spillages are cleaned up promptly so people do not slip, or that
cables do not trail across walkways.
For most, that means simple and effective measures to ensure the most
valuable asset of the business – its workforce – is protected. The law does
not expect all risks to be eliminated, but it does expect people to be protected
as far as is ‘reasonably practicable’.
There are a number of techniques available when assessing risks, including:




The 5-steps approach
Qualitative assessment techniques
Quantitative assessment techniques

A Hazard is defined as something with the potential to cause:




harm including ill health and injury
damage to property, plant, products or the environment
production losses or increased liabilities

A Risk is defined as the likelihood that the harm will occur: the chance – high
or low – that somebody or some infrastructure could be harmed by these
and other hazards, together with an indication of how serious the harm could
be.

It is well known that everything we do has risk attached to it, whether that be
a voluntary risk, such as smoking or driving a car, or an involuntary risk, such
as a lightning strike. Consequently, working in a totally risk free environment
is just not possible.
A risk assessment helps us focus on the risks that really matter in the
workplace – the ones with the potential to cause real harm. In many
instances, straightforward measures can readily control risks, for example
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First of all, let’s look at the 5-step approach technique.



Step 1 Identify the hazards



The first step is to work out how people could be harmed. When people work
in a place every day it is easy to overlook some hazards. In order to help
identify the ones that matter the following procedure should be followed:









Walk around the workplace and look at what could reasonably be
expected to cause harm. Ask the workers or their representatives
what they think. They may have noticed things that are not
immediately obvious.
Check manufacturers’ instructions or data sheets for chemicals and
equipment as they can be very helpful in spelling out the hazards and
putting them in their true perspective. Have a look back at the
accident and ill-health records – these often help to identify the less
obvious hazards.
Remember to think about long-term hazards to health (e.g. high
levels of noise or exposure to harmful substances) as well as safety
hazards.

Step 2 Decide who might be harmed and how
For each hazard, there has to be clear identification about who might be
harmed - it will help identify the best way of managing the risk. That doesn’t
mean listing everyone by name, but rather identifying groups of people (e.g.
‘people working in the storeroom’ or ‘passers-by’). In each case, identify
how they might be harmed, i.e. what type of injury or ill health might occur.
For example, ‘shelf stackers may suffer back injury from the repeated lifting
of boxes’.
Remember:



some workers have particular requirements, e.g. new and young
workers.
think of those workers who may not be in the workplace all the time.
Cleaners, visitors, contractors, maintenance workers, etc.
members of the public, if they could be hurt by the activities of the
business.
if the workplace is shared, consideration will have to be given to how
each business’s activities affects the other’ s staff.

Step 3 Evaluate the
risks and decide on
precautions
Having identified the
hazards, it will then
have to be decided
what to do about
them.
The law
requires employers
to do everything
‘reasonably
practicable’ to protect people from harm. This is best done by comparing
what current practice is against what is accepted as best practice. Consider:



Can I get rid of the hazard altogether?
If not, how can I control the risks so that harm is unlikely?

When controlling risks, apply the principles below, if possible in the following
order:
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Try a less risky option (e.g. switch to using a less hazardous
chemical).
Prevent access to the hazard (e.g. by guarding).
Organize work to reduce exposure to the hazard (e.g. put barriers
between pedestrians and traffic).
Issue personal protective equipment (e.g. clothing, footwear,
goggles, etc.).
Provide welfare facilities (e.g. first aid and washing facilities for the
removal of contamination).

Improving health and safety need not cost a lot. For instance, placing a mirror
on a dangerous blind corner to help prevent vehicle accidents is a low-cost
precaution considering the risks. Failure to take simple precautions can cost
a lot more if an accident does happen.

would be deemed that not enough time, trouble or money had been allocated
to the problem (sacrifice).
However, constructing another jacket separate to the main platform at a cost
of £5 million and placing the noisy compressor on it, would be seen as too
high a price to solve the problem.
Using the Hierarchy of Control when setting the controls to tackle the noise
hazard emanating from the compressor, we start from the top as follows.




Involving staff will help to ensure that what is proposed will work in practice
and won’t introduce any new hazards.
Setting Controls. When setting controls to minimize the risks to
ALARP (As Low As Reasonably Practicable) always use the Hierarchy of
Control. Start at the top and work your way down the list:






Elimination
Substitution
Engineering controls
Administrative controls
PPE

An example of this might be that an offshore installation has a gas
compressor which is very noisy. It would not be reasonably practicable just
to give the work force ear defenders and tell them to keep away from it. It





We can discount the ‘Eliminate’ control because we need the
compressor.
We can discount the ‘Substitute’ control as it would be impossible to
replace it with anything else.
We then come to ‘Engineering’ controls where we can start to do
something about the noise. We might place the compressor in an
acoustic booth and thus quieten it down. We might construct access
and egress walkways away from the compressor to ensure
personnel do not go near it (walk around it). We might erect barriers.
Coming down the Hierarchy of control even further we might start
using ‘Administrative’ controls using written procedures, signage,
training, health surveillance, etc. to educate people to the fact that
we have a noisy gas compressor on board the platform.
Finally, the use and wearing of ‘PPE’ controls (ear defenders) as a
final step in reducing the risk to As Low As Reasonably Practicable
ALARP.

The issuing of PPE can always be seen as an admission that risks still exist,
even though everything has been done that was deemed reasonably
practicable to reduce the risk. PPE should always be considered last when
setting controls, precautions and limitations.
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Step 4 Record the findings and implement them



Putting the results of the risk assessment into practice will make a difference
when looking after people and the business.



Writing down the results of the risk assessment, and sharing them with staff
members, encourages this. When writing down results it is best to keep it
simple, for example ‘Tripping over rubbish: bins provided, staff instructed,
weekly housekeeping checks’, or ‘Fume from welding: local exhaust
ventilation used and regularly checked’.





long-term solutions to those risks most likely to cause accidents or
ill health.
long-term solutions to those risks with the worst potential
consequences.
arrangements for training employees on the main risks that remain
and how they are to be controlled.
regular checks to make sure that the control measures stay in place.
clear responsibilities – who will lead on what action, and by when.

Priorities and tackle the most important things first.

A risk assessment is not expected to be perfect, but it must be suitable and
sufficient. It will need to be able to show that:






a proper check was made.
those who might be affected were consulted.
all the significant hazards were dealt with, taking into account the
number of people who could be involved.
the precautions are reasonable, and the remaining risk is low.
all the staff or their representatives were involved in the process.

If it is found that there are quite a lot of improvements that could be made, it
is best to draw up a plan of action to deal with the most important things
first. A good plan of action often includes a mixture of different things such
as:


Step 5 Review the risk assessment and update if necessary
Few workplaces stay the same. Sooner or later, new equipment, substances
and procedures will be introduced that could lead to new hazards. It makes
sense, therefore, to review all control measures on an on-going basis. Every
year or so conduct a formal review to make sure things are still improving,
or at least not sliding back.
Look at the risk assessments again. Have there been any changes? Are
there improvements still to be made? Have the workers spotted a problem?
Are there lessons to be learned from accidents or near misses? Ensure the
risk assessment stays up to date.

a few quick or easy improvements that can be done quickly, perhaps
as a temporary solution until more reliable controls are in place.
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3.1.1 Risk matrix
Risk matrices are probably one of the most widespread tools for risk
evaluation. They are mainly used to determine the size of a risk and whether
or not the risk is sufficiently controlled. There is still confusion about how
they are supposed to be used. This article will explain their use in the context
of the bowtie diagram.
There are two dimensions to a risk matrix. It looks at how severe and likely
an unwanted event is. These two dimensions create a matrix. The
combination of probability and severity will give any event a place on a risk
matrix (there are some events that are more difficult, but we’ll come to that
later).
Most risk matrices have at least three areas:
The low probability, low severity area (usually green) that indicates the risk
of an event is not high enough, or that it is sufficiently controlled. No action
is usually taken with this. If we talk about risk matrices in a bowtie however,
usually bowties are done for major hazards, so most events are high risk and
don’t fall into this category.
The high probability, high severity (usually red) which indicates an event
needs a lot or more control measures to bring the probability or severity
down. Bowties will have a lot of events that fall into this category.
The medium category (usually yellow) is in between these two areas. Any
event that falls in this area is usually judged to be an area that needs to be
monitored, but is controlled as low as reasonably practicable (or ALARP, a
concept that is beyond the scope of this article, but you can go here and read
about it). Essentially it means if we keep the risk at that level, we accept it.

Picture 27: Example of Risk Matrix

It’s important to understand that a risk matrix by itself makes for a poor
decision making tool. It is best suited for ranking events. There is not enough
granularity in a risk matrix to use it for anything other than saying that some
events are really bad, and others are less so. Decisions need to be based on
an underlying analysis that will tell you what will cause the unwanted event
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and what an organization is already doing to control it. This information will
make an informed decision possible.
There are different ways of looking at severity. Something can be very severe
from the perspective of human life, or from the perspective of damage to a
facility/environment. Usually four perspectives are used (although more or
less is also possible) that form the acronym PEAR. This stands for People,
Environment, Assets and Reputation. Any event can be judged against these
four categories. For instance: a car crash will have an impact on people, but
also on assets. An oil spill might have an impact on the environment and
reputation, and also some asset and people impact.
These different perspectives do make it very difficult to compare two events
with each other. If we have two events, one that scores high on people, and
another that scores high on environment, which one is more severe? This is
why aggregating risk matrix scores is difficult, if not impossible to do. The
best way to compare the severity of events is to make a qualitative
judgement.

Probability. Up until now, only probability has been discussed. But there are
different possibilities. If we drive to work, and there’s a probability of 0,05
that we’ll crash, we expect for every car that in 100 workdays, there are 5
crashes. The probability will be the same every time we drive to work. Instead
of focusing on a single event, we can also say: how often can I drive to work
before I crash? The frequency of a crash will be 1 in 20. This is essentially
the same, just written down differently.

Low probability, high severity.
There is a problem with events
that have a very low frequency,
but a catastrophic severity. If
the risk matrix categories are
not set up correctly, these types
of events tend to ‘fall off’ the
grid and get less attention than
they deserve. This is especially
a problem with historical
frequency scales, where an
event will get the lowest
possible score just because it
has never occurred. A possible
solution is to make the worst severity category the highest priority category,
regardless of the probability.

STRATEGIES FOR GIVING SCORES
Ranking an event on a risk matrix can be done in three ways:
Worst case scenario. This is done by taking the worst that could happen. For
instance, in the case of a car crash, there will be multiple fatalities and it
might be likely to occur. Essentially when looking at the worst case scenario,
all Barriers are ignored and only the Hazard, Top event and Consequences
are considered. These types of incidents might occur in reality, but they will
most likely be the exception, not the rule.
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Current situation. The second strategy tries to evaluate the severity and
probability of the average event. So the average severity for a car crash might
be a single fatality, and it’s unlikely to happen. This strategy takes into
account all the barriers that are currently implemented.
Future situation. The last strategy tries to make an estimate of how the risk
might go down after improvements to barriers, or implementation of new
barriers. It aims to estimate the future average of incidents.
Even though the risk matrix has a lot of drawbacks, it has endured the
criticism and is still one of the standard tools used in most risk assessments.
If the risk matrix is used in the correct way, it can add some understanding,
although probably the greatest challenge today is for people to understand
its limitations.
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4 Permit to work
4.1 The permit to work system
Permit-to-work systems form an essential part of the task hazard/risk
assessment process. When a task is identified, an appraisal should be carried
out to identify the nature of the task and its associated hazards.
Next, the risks associated with the task should be identified together with the
necessary controls and precautions to mitigate the risks.
The extent of the controls required will depend on the level of risk associated
with the task and may include the need for a permit-to-work.
A permit-to-work is not simply to give permission to carry out a dangerous
job. It is an essential part of a system which determines how that job can be
carried out safely, and helps communicate this to those doing the job and the
management team. It should not be regarded as an easy way to eliminate
hazard or reduce risk.
The issue of a permit-to-work does not, by itself, make a job safe - that can
only be achieved by those preparing for the work, those supervising the work
and those carrying out the work.
In addition to the permit-to-work system, other precautions may need to be
taken – e.g. process or electrical isolation, or access barriers - and these will
need to be identified in task risk assessments before any work is undertaken.
The permit-to-work system should ensure that authorized and competent
people have thought about foreseeable risks and that such risks are reduced
to As Low As Reasonably Practicable (ALARP) and avoided by using suitable
precautions. Those carrying out the job should think about and understand
what they are doing to carry out their work safely, and take the necessary

precautions for which they have been trained and made responsible. A permit
to work is compulsory for potential dangerous work. Also for non-daily
routine work a permit to work is required.
Essential features of permit-to-work systems are:







clear identification of who may authorize particular jobs (and any
limits to their authority) and who is responsible for specifying the
necessary precautions
training and instruction in the issue, use and closure of permits
monitoring and auditing to ensure that the system works as intended
clear identification of the types of work considered hazardous
clear and standardized identification of tasks, risk assessments,
permitted task duration and supplemental or simultaneous activity
and control measures

A permit to work system is sub divided in the following steps:
STEP 1: Raising the permit. A permit to work must be obtained prior to
starting the work, it is required that permits are issued for:










Hot work (welding, grinding, cutting etc.)
Cold work (maintenance on pumps)
Electrical work (installation/maintenance)
Work over-the-side (scaffolding/ painting over the side)
Entering confined spaces
Working with dangerous substances (chemicals)
Pressure testing
Diving operations
Maintenance on safety systems
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Working at high levels > 2.0 meter.

Issuing authority: Normally the permit must be applied for 24 hours before
the work will start. In some cases, such as entering an enclosed space it may
even be 48 hours before the work will start. Nowadays contractors in many
countries can enter a web-based site make a request for a permit to work.
The advantage of such system is that before departure too the platform the
necessary measures and precautions are taken to start the work on arrival at
the platform.
Area authority: The person responsible for a certain area will visit the work
site with you and will help with assessing the hazards of the job. This is also
called a “task Risk Analyze TRA”. After the area authority identifies the
hazards of the job the issuing authority will fill in the described work and
location, the precautions to be taken and take the permit to the authorizing
authority (normally the Offshore Installation manager OIM), or the appointed
operator.

STEP 2: Starting the Job. The performing authority (person carrying out the
work) will visit the work site to take the precautions such as described on the
permit. For example, gas testing, isolating or safeguarding. Then he will
retrieve the activated permit signed by the issuing authority and the
authorizing authority and distribute copies as required. The performing
authority will brief the team and a copy of the permit is displayed at the worksite.

STEP 3: During the job. Site visits will take place by the auditing authority
(normally the safety officer) and he will audit if the work permit is used and

understood. He will also visit the workplace as the responsible person for
that area.
Permit validity and extensions: A permit is normally valid for 12 hours (shift
period). The issuing authority can extend the permit. He will review the work
and will verify if there is no conflict with other work or another permit written
out. The issuing authority will sign for every extension. The maximum
extension is normally a further 12 hours shift.
Premature cancelation: If an alarm sounds or for operational reasons a
permit can be cancelled or suspended. After an alarm the performing
authority will make the work site safe and obtain information or respond to
the alarm. Normally followed by an announcement from the OIM on the public
Address (PA) system. After the issuing authority will give permission if work
can be continued.

STEP 4: Completing the job. The performing authority will complete the work
properly and clear the work site from tools, equipment and materials to
assure that the work site is left clean and tidy and that the plant is again in a
safe condition. This we call good housekeeping. Also if the work is not
completed within the time described on the permit, the work must stop and
the permit returned to the responsible person. At that moment the
responsible person will see if the permit can be extended or not.
The performing authority will inform the area authority that work is completed
and ready for re-instatement. The permit will be signed off and returned to
the issuing authority. After testing the issuing authority will sign the permit
for completion, then the isolations and precautions are removed and the
permit is cancelled.
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Permit-to-Work Template. We have reproduced a template of a permit-towork document below which gives what information is required, a description
of that information where necessary, and the authorization required where
necessary.

Permit-to-work
1) Permit title

2) Permit number
Reference to other relevant permits or
isolation certificates

3) Job location

11) Extension /shift handover procedures
Signatures confirming checks made that plant remains safe to be worked upon, and new
performing authorities and permit users made fully aware of hazards/precautions. New
expiry time given
12) Hand back
Signed by performing authority certifying work completed. Signed by issuing authority
certifying work completed and plant ready for testing and re-commissioning
13) Cancellation
Certifying work tested and plant satisfactorily re-commissioned

4) Plant identification
5) Description of work to be done and its limitations
6) Hazard identification
Including residual hazards and hazards associated with the work
7) Precautions necessary
People who carried out precautions, e.g. isolating authority, should sign that
precautions have been taken
8) Protective equipment
9) Authorisation
Signature (issuing authority) confirming that isolations have been made and precautions
taken, except where these can only be taken during the work. Date and time duration of
permit. In the case of high hazard work a further signature from the permit authoriser
will be needed
10) Acceptance
Signature confirming understanding of work to be done, hazards involved and
precautions required. Also confirming permit information has been explained to all
permit users
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5 Personal Responsibility in maintaining asset
integrity
5.1 Asset integrity

5.2 The safety critical element
The safety critical element (SCE) is intended to be an effective and reliable
barrier.

Asset Integrity – A Definition. Ability of an asset to perform its required
function effectively and efficiently whilst protecting health, safety and the
environment.

A SCE is any structure, plant, equipment, system (including computer
software) or component part whose failure could cause, or contribute
substantially to, a major accident or which is intended to prevent or limit the
effect of a major accident.

Asset integrity management is the means of ensuring that the people, the
systems, the processes and the resources that deliver integrity are in place,
are in use and will perform when required over the whole lifecycle of the
asset from conception and design right through to decommissioning.

Also safety-critical is any part or component, the failure of which, while not
directly causing a major accident, would make a significant contribution to
the escalation of events leading to a major accident.

In order to achieve this, all threats to the asset must be identified and, if
possible, eliminated. If they cannot be eliminated, then the likelihood of them
occurring should be reduced to an acceptable level.
In order to maintain the integrity of the asset, a robust system involving the
following aspects must be continually undertaken:








Inspection
Testing
Maintenance
Corrosion prevention
Monitoring
Competency
Training

Performance standards. A key element of the safety case is the verification
scheme. Equipment and any system classified as safety critical must perform
to clearly defined standard and, by physical testing of their function,
demonstrate such.
SCEs must be fit for purpose, suitable and remain at all times in good repair
and condition. The verification scheme involves independent audit to confirm
continuing suitability throughout installation life cycle.
Personal responsibility for asset integrity. Any defect or shortcoming in
plant, equipment, processes or procedures must be reported to the
appropriate authority with a view to remedy.
Remember, we have a duty of care of ourselves and colleagues who might
suffer adverse consequences from our acts or omissions. Implement the
principles of the Safety Observation Scheme.

50
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

5.3 Toolbox talk definition
A team talk involving all parties before the job starts to clarify that the hazards
have been identified, the risks have been reduced to as low as reasonably
practicable and controls, precautions and limitations are in place to combat
remaining risk.




Short talks focused around specific health and safety issues such
as lifting, slips and trips or injuries from workplace machinery - allow
workers, safety professionals and managers to explore risks and
develop strategies for dealing with them.
Toolbox talks help to demystify health and safety and to show the
relevance of specific topics to particular jobs.

5.4 Safety
regulations:
agency work

employer-manager–employee-

In this chapter, we will cover health and safety and workplace safety
regulations. It is very important to work both safely and without putting your
health at risk. For a safe working environment, it is also necessary that it is
made clear over what, where, under which particular circumstances and
under which conditions work may, or may not, be done. This information is
described in detail in the Workplace Safety regulations.

HEALTH - SAFETY- ENVIRONMENT. HSE legislation covers all aspects of
work-related safety, health and well-being and is valid in all locations where
work is carried out. HSE regulations describe the rights and requirements
involved in the sectors of health and safety. These rights and requirements
do not only apply to employers, but also to employees. Both are responsible
for the continuous improvement of health and safety within a working
environment.
These regulations are applicable to the employer and everyone covered by
his/her authority or supervision, or everyone who happens to be at the
location where work is carried out. These are, for example:

Picture 28: toolbox meeting







employees who have signed a contract with the employer;
employment agencies;
trainees;
sub-contractor employees;
visitors

The residents of a company building are not included in HSE legislation.
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The Working Conditions Act, known in the Netherlands as the Arbowet, is the
most important act included within Dutch HSE legislation. In the Working
Conditions Act, rules have been drawn up to encourage the improvement of
employee health, safety and wellbeing. The Arbowet is a so-called legal
framework. This means that, as yet, there are no concrete regulations, only
general provisions which cover company work policies. The Arbowet contains
regulations which encompass the rights and requirements of both employer
and employee. Different regulations can be found in different countries.
The employer is required to organize all work activities in such a way that the
working environment is not only safe and risk-free, but that employees are
comfortable in their work, or at least as comfortable as they can be. This is
what we call employee well-being.
The employer must encourage employee well-being by:





creating an ergonomic layout for all employees;
taking account of employee personal factors or circumstances such
as age, gender, physical capabilities and/or limitations, language
fluency or proficiency;
avoiding monotonous tasks.

HSE legislation goals. Health & Safety (HSE) legislation has 3 goals:
Protection of employee health and
safety when carrying out working
activities

Creating the best possible working
conditions. This legislation tries to
encourage the best possible solution
under a given situation, taking the
working activities into account.

Improvement of
employee health and
safety, so employees
do not become ill
through their work or
are caused any harm
through their carrying
out of working
activities activities

HSE legislation principles. Employers must ensure employee health and
safety in all aspects of work, not only for potentially dangerous tasks, but all
tasks. The employer must establish policies to ensure this. They must include
a number of key points:





Work may not have a negative effect upon the health and safety of
employees.
Hazards and risks must be detected and managed.
Skilled staff or services must support an employer in the
implementation of HSE legislation.
Employees are fully informed in all aspects of work-related health
and safety.

Picture 29: © www.hsetrain.org
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The employer must consult and cooperate with its employees and/or
a representative thereof.

Supervision of HSE regulations. Each country has an inspection body
which is responsible of controls compliance with HSE legislation on behalf of
the government. In the Netherlands, this body is called SZW inspection
(Social Affairs and Employment inspection, former Labour Inspection). SZW
inspection carries out checks to avoid bad working conditions and improve
on them, as well as to prevent the occurrence of work-related accidents.
These inspections are done at the group's own initiative, but can also happen
when, for example, they are given a tip-off, someone files a complaint; or an
accident takes place.
Inspection services are authorized to:








conduct an investigation into the circumstances surrounding an
accident;
request valid identification from employees;
make demands as to how HSE legislation is respected;
give an official warning to those employers or employees who do not
comply with those laws and legislations relating to the carrying out
of working activities;
set up a verbal-process following a violation (for example, the failure
to follow safety instructions);
stop all working activities when the working environment poses
serious hazards for any person.

Employers and employees are obliged to cooperate during an inspection or
accident investigation. The SZW inspector can draw up a penalty report for
the employer and/or the employee.

Expert assistance. The employer must assist in the sectors of health and
safety protection and prevention. He/she can do this by appointing one or
more experts, such as a prevention worker. If the employer does not have
the necessary expertise internally, additional external assistance must be
brought in. An example of external assistance is a certified agency (health
and safety agency).
Expert persons or services should assist the employer to implement Health
and Safety (HSE) legislation. It is hereby mandatory that these expert persons
or services have the required expertise or training for specific tasks. Only
then may they help an employer to properly implement HSE legislation
The most important duties carried out by these experts are:






to cooperate with Risk-intervention and Evaluation (Rl &E);
to cooperate with accident and incident investigations;
to advise and cooperate with employees and employee
representatives;
to implement occupational health checks;
to support employees unable to work through illness.

Employer requirements. The employer also has a duty of care for persons
(her/ his own employees). This duty of care means that the work should not
have a detrimental impact on any persons present. The employer's duty of
care not only applies to his/her employees, employees of other employers
who are at the work place, but also to visitors, residents and other persons
present at the work place. Contractors performing hospital work, for example,
also have a duty of care as regards the patients in the hospital; contractor
activities must not adversely affect these patients.
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With collabourating contractors, complying with the health and safety
regulations becomes more complicated. At a single location, multiple workers
must cooperate in the implementation of employee health and safety
measures, and coordinate their actions. Any employer who gives
instructions, supervises and/or supplies materials must also comply with HSE
regulations.

HSE legislations and employment agencies. The aims of HSE legislation
in the context of employment agencies is to make sure such agencies offer
their employees the same standards of protection in the areas of health and
safety as is enjoyed by other workers employed by the recruiting company.
In such cases, responsibility lies with the recruiting company.

ENVIRONMENTAL LEGISLATION. The goal of environmental legislation is
to protect both, people and the environment, against the possible hazardous
effects caused by working activities, to limit waste flows and to remove waste
correctly and efficiently. For companies, this means they have to make sure
waste is brought in, properly separated and properly removed or processed.
How this waste is removed or processed is the task of the waste disposal
company.
To comply with environmental measures, companies must:




modify production processes;
economic and efficient use of energy;
economic and efficient use of natural resources such as minerals
and water.

Health monitoring: medical examination. According to most of
countries’ legislations, employers are required to offer their employees
medical check-ups; this is also called 'health monitoring'. The aim of health
monitoring is to limit and/or avoid actual or potential health risks. Examples
of such monitoring are the Periodic Medical Examination (PMO) or the
Periodic Occupational Health Examination (PAGO).
The goal of such health monitoring is the prevention and timely detection of
occupational illnesses and to introduce measures which limit health hazards
during the practice of working activities. Furthermore, medical examinations
mean that a company can evaluate whether an employee is up to the task,
and will remain capable of carrying this task out.
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WORKING TIME LEGISLATION. Working Time regulations state how long
an employee may work per day and per week, and when he/she has the right
to take a break or a rest. Working Time legislation aims to separate work from
rest, in order to ensure that no hazardous situations occur which may put
either the health or the safety of the employees in danger. Another goal is to
encourage the combination of work and care/family.
The principles of Working Time legislation dictate that the personal situation
of an employee be held in account, using HSE policy's coherent approach.
Working Time regulations apply to all employees with earnings under a
certain salary threshold.
An employee's personal situation could involve limits caused by his/her health
levels. It could also involve family care obligations which must be combined
with work. An example of this is care leave or maternity leave.

A CE mark must be placed onto a product by this product's manufacturer or
importer. This occurs based on a technical dossier and declaration of
conformity in which the manufacturer or importer confirms that the product
concerned complies with guideline safety regulations. Only work equipment
which has been given a CE mark may be sold on the market.

RIGHTS AND REQUIREMENTS. Employee duties, requirements and rights
According to HSE regulations, you, as employee, must satisfy a number of
general requirements:




EUROPEAN GUIDELINES. At European level, legislation in the area of
health and safety in the directives. Member States must comply with
European directives by incorporating them into national law. All national laws
that contravene European Guidelines must be modified or removed within a
specified period of time. European regulations also exist. These apply to all
Member States immediately. An example of this is REACH, a European
regulation concerning the production of and trade in chemicals.
CE MARKING. The materials you work with must, of course,
be safe. Therefore, CE marking has been developed to
control minimum safety requirements for work equipment
or personal protective equipment. A CE mark indicates that
the product complies with European Guidelines.










Pay attention to your own safety and that of any other people
concerned.
Make proper use of (personal) protective equipment and take proper
care of it.
Make correct use of machines, devices, tools, hazardous
substances, transportation and other equipment.
Report incidents to the supervisor.
Report serious and immediate health and safety hazards.
Work together with your employer and prevention officer or
prevention department in matters relating to the improvement of
health and safety in the workplace.
Contribute to the prevention policy in a positive manner.
No violence, bullying or sexual harassment in the workplace.
Follow instructions and attend education and training opportunities.
Do not adjust or remove security equipment, and use it in the correct
manner.
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As a worker, it is very important to comply with these requirements! In this
way. You will be helping to create a safe, healthy and pleasant atmosphere
in your place of work!


An employee does not only have to fulfil requirements; he/she also
has rights. The general rights of an employee are:
o right to information and training;
o right to interrupt work should there be threat of serious
danger to a human being;
o right to a safe and healthy working environment.

HSE legislation also describes the duties of the worker in situations of
potential, serious or immediate danger. An employee must:




immediately report the situation to their direct supervisor;
stop work and/or remove themselves to a safe environment;
take appropriate measures to prevent the effects of such a hazard
(taking into consideration their technical! knowledge, available
equipment and available resources).

HSE requirements for the employer. According to HSE legislation, the
employer has the following general requirements:




promote health, safety and well-being (HSE) for the employees by
implementing a prevention policy. This prevention policy must be
integrated into corporate policy;
prevention policies for planning and action using a systematic
approach (for example, the drawing up and putting into practice of a
global prevention plan and the HSE action plan);












perform a written risk analysis;
consult experts (internal and external prevention department);
consult with employees;
abstain from violence, bullying or sexual harassment;
provide efficient protective equipment and make sure they are
correctly used;
investigate serious occupational accidents and report them to SZW
inspection (labour inspection);
provide efficient guidelines for intervention and evacuation;
offer appropriate induction for new employees including education,
training and instruction;
make sure instructions are followed;
take necessary measures for the health and safety of third parties on
site.

HSE requirements for operational managers. Operational managers are
also responsible in the areas of health, safety and well-being. The
requirements of operational managers are:








formulating HSE-related proposals and initiatives for the employer;
investigating accidents and incidents and introduce guidelines;
requesting advice from prevention services;
cooperating with risk-management by setting up Rl&E investigations
and carrying out task-risk assessments (TRA);
carrying out safety inspections;
assessing whether employees possess the required competence and
information;
organizing the induction of new employees and appointing
experienced employees to oversee them;
56

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD





assessing whether employees fully understand all information given
and apply it in practice;
ensuring that instructions are followed;
making sure work equipment and personal safety equipment is
correctly used;

organizing
HSE
meetings
(toolbox
meetings).

EDUCATION
AND
TRAINING. Education and
training in the context of
health and safety is
extremely
important.
Employees are therefore
also required to take part in
education and training when
carrying out new work, transferring from or changing role, in the introduction
of or changes to work equipment and for the introduction of new technology.

Education and training must involve general health, safety and well- being. In
fact, the following subjects must always be covered:





general health and safety
hazards in the workplace
measures taken
company rules and regulations.

One talks of good education and training when it is based upon the nature,
capacity and experience of the employee and their specific tasks. Good
education and training must be given in a language and manner which the
employee can understand, and the employee must either be able to put new
knowledge into practice, or should be given a practical lesson. Furthermore,
it is important that instructions not only be on paper (written), but that they
also be given verbally
or acted out. When
giving instruction. It is
always
extremely
important to recognize
whether the employee
understands
the
content.

Besides education and
training, employee motivation is of great importance. Unmotivated employees
often work carelessly, too rapidly or without interest, meaning safety relating
to both actions and situations can become under threat. This can lead to
incidents which could possibly be hazardous to everyone on the work floor,
not only for the unmotivated colleague. There are a number of ways in which
you, as leader, can improve staff motivation:



Try to gather as much insight as possible into the personalities and
capacities of your staff;
Never let staff members do tasks that they are incapable of doing;
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Take into account employee opinions, proposals, preferences and
advice;
Judge each member of staff objectively;
Let your employees know what you think about them and their
achievements where safety is concerned;
Always value your employee as a professional and as a human being,
even when correcting him/her;
Listen well to what others say;
Don't only tell your members of staff how to do their work, also tell
them the reasons why they should do it this way;
Make sure you add a healthy dose of self-criticism. When you look
at yourself in a critical way, you become a positive example to your
colleagues.
Be a good example.

SAFETY REGULATIONS. Companies establish their own safety regulations.
These safety regulations make a distinction between general and specific
safety regulations.
General safety regulations. These rules are intended for the entire
organization and thus apply to all employees, employment agencies,
contractors and subcontractors and other persons on-site, such as visitors.
General safety regulations must be stated in writing and issued to everyone
who enters the location for the first time. Regulations must be clear (with
only one interpretation possible) and must be understood by everyone. This
also applies to people who do not speak fluent the local language (non-native
speakers). General safety regulations relate to the registration of employees
entering and leaving the location, work terrain traffic regulations, handling

incidents, sorting waste and how incidents, accidents and fire should be
reported.

Specific safety regulations. Specific safety regulations are intended for
those persons carrying out tasks, duties and activities which involve
increased levels of risk. They therefore do not apply to everyone at the
location.
Specific safety regulations may relate to:









entering confined spaces;
working at height;
shielding, ventilation, signalling and marking;
semi-hot/hot work, such as welding and cutting/flame-cutting;
working in a combustible environment;
excavation work;
use of specific tools, machines and equipment;
use of required specific personal protective equipment.

The specific safety regulations apply to:




shielding, ventilation, signalling and marking
use of specific tools, equipment and machinery;
use of specialized and necessary personal protective equipment.

Specific safety regulations must also be stated in writing. They must be
available to the employee(s) concerned, be fully explained, sufficiently clear
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and unambiguous and tests must be carried out to make sure these
regulations are understood. Non-native speakers must also be able to
understand these rules.

AGENCY WORK. Task and responsibilities of the recruiter and the
employment agency with temporal agencies, a three-way relationship exists:
agency, recruiter and worker. Agency work has both, a 'formal' and a
'material' employer.
The formal employer actually employs the employee. This is the employment
agency. The material employer, the recruiter, is the one under whose
authority the employment agency works. The recruiter is responsible for the
implementation of health and safety regulations.
The employment agency is responsible for the Transfer of Undertakings. This
means that the employment agency must ask all applicable information from
the recruiter and to pass on this information to the temporary employee. In
this way, an employee can arrive at work fully informed and prepared.

Tasks, rights, requirements and authority of intermediaries and
supervisors
Request. lf a recruiter requests the help of a temporary worker; certain points
must be made clear. These are:





The job title.
The place, department and work environment.
The required medical condition.
Required training/education level.













Required experience.
Language skills.
Requirements relating to work risks.
Other relevant training.
A description of the position and the tasks involved.
High-risk tasks and control measures relating to both task and
workplace.
Existing risks (hazardous substances, machines, situations,
processes).
Which personal protective equipment (PBM) is offered in order to
minimize risks?
Who is responsible for PBM (employment agency or recruiter)?
Who gives instructions relating to PBM (employment agency or
recruiter)?
lf a valid basic safety HSE certificate or diploma is necessary. lf a
HSE certificate or diploma is not required, this must be noted in the
request and justified by the recruiter.

Selection of the temporary worker. Before sending a temporary worker to a
recruiter, the employment agency must first make a careful selection. As
intermediary in an employment agency, one must make sure the worker
satisfies those demands made by the recruiter during a selection procedure.
lf the intermediary has a worker who does not fully satisfy the recruiter's
conditions, this must be discussed with the recruiter. The recruiter then
decides whether they agree with the selection and it is only then that a final
selection can be made. When request and selection do not agree, a note is
made by the employment agency (date, name. job title). Further precautions
or agreements are made in the select ion or request form.
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Informing the worker. The employment agency must also give information
to the temporary worker(s) as regards HSE and the recruiter's HSE policy. In
order to achieve this, the agency will request HSE documentation from the
recruiter and interpret these in the correct manner. Examples of HSE
documents are risk analyses results, HSE-related in-house rules and
regulations and expertise.
In addition to this, the intermediary must also provide the following
information or services to the temporary worker:







Introduction to the company; induction process; meeting the
operational manager.
The person to whom the worker must report for instructions relating
to the workplace and his/her task.
Provision of and using personal protective equipment (PBM).
The task to be carried out by the worker, the location of the company
and the current working situation.
Competence and appropriate state of health to carry out tasks which
involve levels of risk.
Before you, the intermediary, inform the temporary worker, all
arrangements made with the recruiter should be checked.

HSE risks and rules and regulations. lt is important that a temporary worker
receives information about the specific HSE risks and VGM (Verified Gross
Mass) rules and regulations from the location he/she will be working in. The
worker must be informed about the following:



The assignment, the risks and control measures of the function for
which the worker has been taken on
Sector/branch specific HSE rules and regulations





The available personal protective equipment provided by the
recruiter and information relating to its correct use
Medical examination (if required)
Report procedure for accidents leading to absence or leave

Dossier. The employment agency must create a dossier for every temporary
worker on its books. These records must include the following details:









Personal data, social data, work permits
Copy of a valid identification document
Copies of relevant job training, further education, risk-related task
training
Work experience
Copies of proof relating to necessary and valid
certificates/attestations/diplomas
Evaluations, notes relating to assignments, incidents etc.
Function specific limitations
Language skills

Proof of medical
fitness (if required)

Copy of driving
license (if required)

The temporary worker's
evaluation. During an
evaluation session between
the
intermediary
and
recruiter, the temporary
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worker's performance is discussed. Ata minimum, the following questions
should be answered:










Does the worker satisfy the requirements with respect to expertise,
theoretical knowledge, initiative and the safe execution of workrelated tasks?
How is the worker's motivation, attitude and communication ability?
And does the worker understand instructions (language
competence)?
Does the worker follow HSE rules and regulations, work according
to agreements and possess a valid work permit?
Does the worker use tools and equipment in the correct manner?
Does he/she take good care of these and put them away in the
correct place after use?
Does the worker make use of personal protective equipment (PPE)
and if so, are they used in the correct manner?
Does the worker ask for clarification in instances of uncertainty, does
he/she report irregularities and unsafe situations?

In
addition,
the
intermediary
also
discusses the recruiter's
experiences as regards
communication
and
contact
with
the
employment agency.
The intermediary will also
carry out a performance

review with the worker. During this session, the following subjects will be
covered:








The existence and receiving of instructions relating to VGM rules and
regulations
Availability of personal protective equipment and work clothing
Communication with contact persons and/or direct supervisors
Workplace and working conditions according to health and safety
Facilities such as changing rooms, canteen, hygiene facilities
Focus on and supervision of safe working conditions
involvement in VGM instructions/meetings (toolbox meetings; startwork instruction)

Deviation from agreed tasks. It is possible to make adjustments to
temporary worker tasks concerning:




Prior information about the employment agency and temporary
worker;
Descriptions of any specific, additional preventive measures;
Agreements about who is responsible for informing, instructing and
providing protective equipment for the worker.

Occupational health examination. In most countries, intermediaries discuss
together with the recruiters which functions or work locations require
temporary staff to undergo a medical examination. This medical examination
is carried out by people specially trained in this area or by recognized
occupational health medical services.
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Intermediaries inform workers about the required level of medical fitness and
conduct medical examinations, inspections and revalidations. Intermediaries
investigate the medical fitness of temporary workers particular to the function
they exercise. The report remains with the intermediary. They investigate into
which medical examinations are carried out by the recruiter and, if necessary,
cooperate with these. Intermediaries know that medical research may not be
improperly used in order to select the healthiest candidate.

5.5 Responsibilities for asset integrity
Employer Responsibility:





Using performance standards & manufacturers’ notes to determine
how an item should work
Ensuring that safety critical elements are in a condition to keep
employees safe
Ensuring equipment on platform is capable of doing the job it was
intended for
The need for third party verification.

Picture 30: © www.genesisoilandgas.com

Personal responsibility for asset integrity such as:





Reporting unsafe conditions to appropriate personnel
Following instructions
Not taking shortcuts
Intervening when procedures are not being followed by others
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6 Manual handling techniques
6.1 Most common injuries
4 examples of significant injuries that are commonly caused through lifting
and handling:

Slipped Disk – outer part of disc ruptures (herniates) and protrudes pressing
on spinal nerves (see sciatica). Most of what lay people describe as slipped
discs are NOT – they are “mechanical back pain” cause by pulled ligaments
or muscles
Hernia – a tear in the abdominal muscle wall that allows a small piece of
intestine to protrude. Normally in the groin (inguinal) or around the belly
button (umbilical)

Fractures – broken bone, most commonly fingers and toes being crushed by
dropped loads
Sciatica – lower back / buttock / leg pain usually due to irritation of lumbar
nerves which lead into sciatic nerve. In manual handling context, irritation of
nerves normally caused by nerve compression due to herniation of an
intervertebral disk

Picture 31: scheme of sciatica pain
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7 Controlling the use of hazardous substances
7.1 Hazardous substances
To identify hazardous substances and to know what is contained within, the
manufacturer must place a label on all packaging. This label must include:

On old labels, Risk and Safety statements will be found. R(isk) statements
indicate the general hazards of the substance in question and S(afety)
statements detail the safety measures to be taken for those hazards. On the
new labels, the H(azard) statement indicates which hazards are associated
with that substance/product. In addition to the H statement the P(recaution)
statement tell us which safety measures will prevent risk when working with
the product.

SAFETY DATA SHEETS. The purpose of the safety data sheet is to inform
the reader of any hazards related to a specific substance and to inform them
as to which safety measures should be taken. The most important points to
be found on a safety data sheet are the legal exposure limits (previously
called the MAC, or Maximum Acceptable Concentration). The composition of
the substance, how the substance can be absorbed into the body, correct
storage method, direct hazards, labelling and first aid information.

HAZARD DIAMOND. On large containers such as tanks and vats, the hazard







the product name(s);
the hazard icon;
associated risks and hazards (H-statements);
associated
preventive
measures/safety
(P-statements);
supplier and/or importer information.

diamond is used. A hazard diamond will also be placed onto a vehicle during
the transportation of hazardous substances. In this case, note is also made
of any hazards which could occur during transportation itself. The hazard
diamond has four differently coloured sections.

recommendations
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In the blue section, health risks are calculated (H = health). In the red section,
fire risks are calculated (F = fire). In the yellow section, the instability or
reactivity of a substance is calculated - in what way this substance might
react
with
another
substance. (R = reaction)
In the white section lists the
substance's reaction to
water extinguishing and
other
more
specific
hazards. An additional
pictogram shows possible
radioactive hazards, or
shows whether water is not
to be used to deal with
eventual leakage / reactions






Elimination (removal): by not using a hazardous substance at all.
Replacement by a substance without or with less (serious) health
risks. Examples of these are the water-based paints (replacing
solvents) and compulsory asbestos-free brake pads on vehicles.
Adaptation by using the raw material not in powder form but in tablet
form, for example.

Integrate ventilation and local extraction. When ventilating, contaminated
air is drawn out and clean air is introduced. In cases of local extraction,
hazardous vapour, gas or dust particles are directly removed from the area
via suction. This system is used in welding, for instance.
Separating people from source. Another measure is the physical separation
of human and source. This can be done by means of a wall, a closed reactor
vat or a cabinet with suction (siphon cabinet/fume hood).

The number in the coloured
section lets the reader know
the scale of the hazard and
varies from O to 4.
0 = no hazard; 4 = serious hazard. No numbers are listed in the white section.
The hazard diamond is often noted again on the product data sheet.

EXPOSURE MEASURES. To prevent exposure to hazardous substances,
various measures can be taken.
Introduce measures at source. Measures introduced at source are the most
important: here it will be assessed if the hazardous substance is actually
necessary in that particular form. There are several possibilities:

Picture 32: fume hood (© fishersci.com)
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Personal monitor. A personal monitor is a measuring device which measures
the presence of various gases. With a personal monitor, the worker's degree
of exposure to hazardous substances can be measured. A personal monitor
must be worn at chest height (not under the clothing) and must be tested
before use. A worker needs to know what actions he/she has to take in the
event of a personal monitor alarm.

PRIORITSE MEASURES. We have just seen how various measures can be
taken to prevent exposure to hazardous substances. It is important to
prioritize which measures you should take first. Most important is to always
check whether exposure can be prevented in the first place.
The order for prioritizing measures is:




Introduce measures at source (use of alternative products such as
tablets instead of powder).
Apply technical, collective and organizational measures, such as local
extraction and ventilation.
Implementing PBMs (Personal Protective Equipment) such as safety
gloves or self-contained respiratory protection.

ABSORPTION OF HAZARDOUS SUBSTANCES. Toxic and harmful
substances can penetrate the human body in different ways:
Orally (digestive organs). Many poisonous substances are swallowed.
Sometimes consciously (alcohol or pills, for example). Sometimes
unconsciously, such as when storing food items near toxic chemicals or
when eating and/or drinking with dirty hands or dirty cutlery.

Via the skin. Some products, such as solvents and degreasing agents, are
quickly absorbed through the skin. Our skin is porous; it breathes and it can
sweat; and it is therefore neither waterproof nor air tight. Washing your hands
with solvents is an example of hazardous conduct.
Via the air that you breathe (respiratory system). Upon absorption via the
respiratory system, a hazardous substance may enter the blood by way of
the lungs. The upper respiratory tract serves as a filter. Large dust particles
are filtered; small particles penetrate into the lungs and eventually end up in
the blood. In addition to particulates. Poisoning can also occur through the
inhalation of dust, gas, smoke, vapour or mist from products such as
hydrochloric acid or asbestos.
Intravenously. Hazardous substances can enter directly into the bloodstream
through open wounds. With grazes in particular, skin is damaged over a large
surface area and hazardous substances can easily and quickly be absorbed
into the body. Stepping on a nail or being bitten by a snake are also examples
of direct absorption of hazardous substances into the bloodstream.
Personal hygiene. To ensure that hazardous substances do not penetrate
the body, it is important that attention is paid to personal hygiene. When
working with hazardous substances, you must follow the following
guidelines:






Eat and drink in allocated areas;
Change dirty clothing, because dirt and dust will accumulate in the
fabric;
Wash your hands and face;
In case of open wounds: clean them as quickly as possible, take care
of them and cover them;
Use correct personal protective equipment.
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EFFECTS OF HAZARDOUS SUBSTANCES. Hazardous substances can
have a serious effect on the body. Physical symptoms can occur including
headache, dizziness, issues with balance and equilibrium, stomach cramps,
nausea, vomiting, heart palpitations, anxiety, blurred vision or an allergic
reaction.
There are two types of poisoning:
Acute poisoning. Acute poisoning has immediate effects upon the body
during or immediately after exposure. One example is CO poisoning, or
carbon monoxide poisoning.
Chronic poisoning. Chronic poisoning occurs after prolonged and repeated
exposure to a hazardous substance. An example of this is long-term exposure
to solvents. In cases of chronic poisoning, the effect will only be noticed after
a substantial period of time

POISONING RISK FACTORS. There are a number of environmental and
product related factors that affect the absorption of hazardous substances
into the body. These are the substance state (dust, droplets, gas, vapour,
solid, liquid), substance toxicity, substance concentration in the air and
duration of exposure to the
substance.
The human factors that affect the
degree of poisoning and damage
caused by hazardous substances are:


physical effort: in heavy work
you breathe more deeply and








quickly; breathing is how most hazardous substances enter the body;
victim's condition: the fitter you are, the more resistant you are;
victim's weight: the heavier you are, the less influence the substance
(usually) has;
victim's age: children and the elderly usually suffer more;
exposed skin surface: the greater the skin surface with which the
substance has been in contact, the greater the impact;
skin thickness: the thinner the skin that has been in contact with the
substance, the greater the impact;
level of sensitivity: some people are more sensitive to certain
substances than others.

OCCUPATIONAL MEDICAL EXAMINATION. Anyone who works with
hazardous substances must be regularly checked for the adverse effects of
those substances on his/her health. Based on the length of exposure and
health of the employee, it can be determined whether this person is suitable
for - and remains suitable for - working with hazardous substances. This
investigation is called an occupational medical examination.
How often such examinations should take place depends on the product, the
type of hazardous substances present and the length of exposure - so this is
based upon how often and how much. Occupational medical examinations
are usually carried out on an annual basis.

EXPOSURE LIMITS AND ODOUR PERCEPTION. Poisoning depends,
amongst other things, on the toxicity of and the amount of a toxic substance
in the ambient air. To determine if a situation is harmful to health, may
substances have been given an exposure limit.
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The exposure limit is the maximum concentration of a hazardous substance
as a time- weighted average over a reference period of time, beyond which
no worker may be exposed.
This means that exposure limits can apply to an average working day, an
average working week, average physical effort and average working
conditions.
When working with hazardous substances, measurements must be
performed to assess exposure. If it is possible to measure the extent to which
someone is exposed to a hazardous substance, actual risk can be determined
by a limit value. By monitoring this, you can estimate and prevent the risk of
damage to health.
Human odour detection is not a reliable method of determining the presence
of hazardous substances. Many substances either have no odour, or smell
quite nice. The odour level may also only be detectable after the permitted
exposure limit has been surpassed, or the odour of hazardous substances
may be masked by other non-toxic substances. Odour detection is also very
subjective and/or limited by personal factors.

ASBESTOS. Asbestos is dangerous because it consists of tiny fibres that
can penetrate deep into the lungs. The body cannot remove these fibres,
which can cause lung cancer. Exposure to asbestos fibres can lead to
asbestosis, asbestos related lung cancer and mesothelioma (another form of
lung cancer).

materials, electrical insulation, fire resistant blankets, sealants and floor
coverings.
The handling of asbestos and asbestos-containing materials is governed by
legal provisions. Each company must make an inventory of all asbestos on
company premises. The recuperation and processing of asbestos is
prohibited, and asbestos-containing waste must be collected up according to
specific rules. Where there is risk of contact with asbestos, a label must be
clearly visible.
Before work is carried out at sites where asbestos is present, an asbestos
exposure assessment must be made to calculate the exposure risks.
The employer then must set up a management programme to minimise
asbestos exposure. If the presence of asbestos is suspected, work must be
stopped immediately. The operations manager and the client must be
warned. The client must then take a sample and send it to be investigated so
that the presence of asbestos can be ascertained. If there is indeed asbestos
on site, it must be removed in accordance with legal requirements.
Same asbestos products do not need to be removed by certified companies.
These are:



gaskets that can be taken off without breaking/splintering;
fixed (bonded) asbestos products that can be removed without
breaking.

All other asbestos removal tasks must be carried out by a fully trained
expert (asbestos removal expert).

Known asbestos-based products include insulation materials, brake linings,
sewer pipes, flange gaskets, heat seals, the areas inside and behind stoves,
boiler and above-ground tank brickwork, roofing, wall coverings and sealing
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COMMON HAZARDOUS SUBSTANCES
Organic solvents. Organic solvents are often petroleum based products,
such as the turpentine added to paint and varnish. Organic solvents are very
toxic when inhaled. In the short term, they can cause headaches, while in the
long run they can cause damage to brain tissue. Organic solvents like
turpentine (White Spirit) remove natural oils from the skin, are (relatively)
flammable and cause brain injury with prolonged use.
Cyclic compounds. Cyclic compounds such as benzene and phenol are toxic
and/or carcinogenic. Examples of these are toluene and xylene.
Heavy metals. Heavy metals such as lead, mercury and zine are highly toxic
when inhaled as metal vapour. They can also spread via dust particles in the
air and are then absorbed through the body's respiratory and digestive
systems.
Carbon monoxide (CO). Carbon monoxide in the air is the result of
incomplete combustion (insufficient oxygen). It is extremely toxic if inhaled.
It prevents oxygen uptake in the blood. It is also explosive and odourless.



products for dishwashers: these are irritating to the skin and can
cause serious eye injury.

OXYGEN LEVELS. We take it for granted that the air we breathe has the
correct composition of elements. Inhaled ambient air contains 21% oxygen.
lf the oxygen concentration in the air is higher than 21% or below 19%, this
can be hazardous.
Very low oxygen concentrations. Air oxygen levels less than 19% are too
low. The causes of low oxygen levels in the air could be:





lack of ventilation;
corrosion (rust formation);
substances that escape into a space and displace the oxygen there,
e.g. nitrogen or other types of inert gas;
other reactions which require oxygen, for example bacteriological
and biological reactions, or fire.

Cement. Cement is irritating to the respiratory tract and skin. lt can also
damage the eyes and in wet conditions it can cause chemical burns with
prolonged contact.
Quartz. Quartz dust can be found in sand and natural stone and is released
when cutting or breaking these raw materials.
Household products. Household products are used not only at home, but
also at work. Among hazardous household products we include:



paints and varnishes: these contain possible organic solvents;
drain cleaners: these are corrosive;
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is caused by leaking oxygen hoses and/or oxygen canisters. By adding a valve
between hose and canister and not storing oxygen canisters in an enclosed
space, high oxygen levels can be prevented.

LEAKAGE. Leakage in storage tanks, pipes and equipment, and spillage of
hazardous solids, liquids and gas, can cause hazards. These hazards could
be the dispersion of a substance into the air, fire (caused by leakage of highly
flammable or combustible substances), environmental pollution and slipping.
The causes of leaks are often found in poorly maintained installations or
poorly mounted flanges (pipework seals). Taps and seals may leak, and
things can go wrong when transferring liquids to ether areas.
Damage may occur due to a collision, for example. Leaks can be prevented
by carrying out regular checks on an installation. Another preventive measure
would be to place a sufficiently large tray under any liquid-containing storage
tanks.

Picture 33: effect of oxygen concentrations (© crowcon.com)

The risks of a low oxygen level are loss of consciousness or even death. To
prevent oxygen deficiency, work rooms with insufficient oxygen must be
mechanically ventilated or sufficiently ventilated and, if necessary,
independent breathing apparatus (mask or hoed) should be worn.
Very high oxygen content (more than 21%). High oxygen content in the air
is also hazardous. We are not noticeably affected by higher oxygen levels
when breathing, but if more than 21% oxygen is present in ambient air,
substances can become more flammable and burn for longer. Excess oxygen

Every leak must be reported to the supervisor. Furthermore, leaks must be
properly repaired and any spilled product must be removed by a professional.
Only trained personnel may perform such (repair) work.

BIOLOGICAL SUBSTANCES. There are many biological substances which
are damaging to our health. Just think of the entire process of waste disposal,
from collection to combustion.
Biological substances can mainly be found in the following industries:



Waste disposal: source of nutrition for bacteria and fungi;
Agriculture and livestock: fungi from plant matter and feed, parasites,
and pathogens from diseased animals;
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Pharmaceutical industry: pathogens are used to manufacture certain
medicines (vaccinations);
Food industry: animal products with dangerous bacteria or fungi
levels;
Picture 34: Rust fungus spores (© Steve Gschmeissner)

INDUSTRIAL GAS CANISTERS. Contain all kinds of gas and can be
distinguished by colour coding so that the colour immediately shows what
gas is contained within.
Each gas has specific characteristics and these characteristics have their own
risks attached. It is therefore very important to understand these codes, so
you will know what is contained within the canister.
A few examples of colour coding are:




Sewage and water treatment plants: pathogeny bacteria in sewers;
Biotechnology industry: fungi and bacteria are used to develop new
products, food or medicine
Biological substances such as infect ions/diseases, poisoning,
allergies, fungal spores and parasites can endanger the health. To
protect against such hazards and risks, hands should be washed at
regular intervals and members of staff should keep up with
vaccination schemes. Personal protection can also be offered in the
form of protective clothing, appropriate eye and respiratory
protection and sometimes even a protective cream.







Oxygen: white shoulder;
Nitrogen: black shoulder;
Carbon dioxide: grey shoulder;
Air: light green shoulder;
Acetylene: maroon shoulder.

When choosing a gas canister, first look at the colour of the canister. This
means that you will have selected the correct gas.
When managing industrial gas hazards, you must also include their
transportation and storage. Transport is arranged by the ADR (European
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Agreement concerning the International Carriage of Dangerous Goods by
Road). For industrial gas storage, the following measures must be taken:









Make sure bottles/canisters are secure.
Protect canisters from adverse weather conditions.
Protect canisters from solar radiation and other heat sources.
Do not store gas canisters in the workplace.
Provide adequate ventilation.
Do not store canisters in basements or pits (many gases are heavier
than air and can 'hang').Do not place oxygen canisters next to
flammable gases.
Suitable extinguishing equipment and a cool water source must close
at hand.











7.2 Types of hazardous substances
Substances that are dangerous to health and/or the environment are called
hazardous substances. When working with hazardous substances, it is very
important that you realise that they are hazardous substances, what the
properties of those substances are, and what impact they may have on your
health. You also need to know how to protect yourself against any adverse
effects they may entail. Manufacturers of hazardous substances, as well as
employers, are responsible for passing the correct information on to hazard
substances users about their associated hazards, as well as relevant safety
measures. Dealing with the source is always the first measure to be taken:
research into whether there is a non-hazardous substance that can replace
the hazardous one. Unfortunately, this is not always possible.






list the risks and safety measures relating to a given hazardous
substance icon or label;
list the risks and safety measures relating to a given hazardous
substance icon, label or safety data sheet;
determine which measures should be taken for the (possible)
exposure to or absorption of hazardous substances in a given
situation;
determine and prioritise measures to be taken for the (possible)
exposure to or absorption of hazardous substances in a given
situation;
describe exposure limits and the limitations of odour perception.
determine the working methods relating to possible asbestoscontaining material in a given situation;
name the hazards attached to organic solvents, cyclic compounds,
heavy metals, carbon monoxide, paints and varnishes, cement,
quartz dust and household goods;
determine the necessary measures that should be taken in excessive
or low oxygen concentration environments;
name the causes, related hazards and preventive measures for
hazardous substance leaks;
name the hazards and preventive measures associated with working
with biological hazards, or substances containing biological hazards;
determine the content and safety measures relating to industrial gas
canister storage in a given situation.

Hazardous substances are split into various categories. Each category has its
own distinct pictogram or icon:

At the end of this chapter you will be able to:
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Explosive or combustible substances

Harmful substances

Combustible substances can easily explode.
This can happen (even without oxygen) either at
certain temperatures, in contact with other
substances, or in the presence of shock or
friction. Examples of explosive substances are
ammunition, TNT and gunpowder.

Harmful substances cause less severe symptoms
than toxic substances through inhalation, ingestion
or contact with the skin. Examples of harmful
substances are varnish, paint and wood protection
products.

Oxidizing or fire-promoting substances
Oxidizing or fire-promoting substances release
oxygen and therefore react violently with other
(combustible) substances. They present risks to
skin and clothing, and a fire will become fiercer
in the presence of these substances. Examples
of oxidizing substances are: hydrogen peroxide,
ozone and oxygen.
Extremely flammable / highly flammable
substances
Highly flammable liquids diffuse into the air
quickly, even at a normal ambient temperature.
Examples of these are petrol, acetone and White
Spirit (the brand name for turpentine).
Toxic and highly toxic substances
Toxic and highly toxic substances may cause
severe symptoms when inhaled, swallowed or
absorbed through the skin. Examples are carbon
monoxide, H2S, methanol and benzene.

Corrosive substances
Corrosive products can carne into contact with the
skin, lungs, eyes and mucous membranes. Acids
and bases are examples of corrosive substances.
Irritating substances
Irritants may cause inflammation when in contact
with the skin, eyes, lungs and mucous membranes.
They are often added to detergents (dilute or weak
acids/bases, solvents and polyester mastic.) They
are less dangerous than corrosive products.
Long-term health hazards
There are also substances that could endanger
one's health over longer periods of time. This group
consists of three specific toxic substances, namely
carcinogenic substances (carcinogens), mutagenic
substances (these affect consequent generations)
and substances that are toxic for reproduction. We
call these three 'CMR' substances (Carcinogenic,
Mutagenic and Repro toxic substances). Examples
of these are asbestos, benzene, vinyl chloride and
diesel smoke (particulate matter). Asbestos
warnings are composed of text on a label.
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Environmentally Hazardous Substances
These substances threaten the environment
(plants, water, soil and air) and animals.
Pesticides used to combat weed and pests, and
CFCs used in refrigeration plants are examples
of environmentally hazardous substances.
Sensitizing substances
Sensitizing substances can cause allergic
reactions. Sensitization means a high level of
sensitivity. This group includes certain resins,
colorants, paints, metal treatment agents and
hair dyeing agents.
Pressurised gas
Pressurised gases are flammable and/or toxic
and the pressure under which the gas is stored
poses a risk. Examples of this group include
pressurised gas, liquefied gas and liquid super
cooled gas in metal canisters.
Table 1: Hazardous substances’ pictograms
For the transport of hazardous substances, separate legislation and specific
icons are applied. The work environment must also take transportation
related risks into account.
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8 Working at height
8.1 Lifting equipment
Lifting tools are tools specially designed and equipped for the horizontal and
vertical transfer of free hanging loads. There are various types of lifting tools:
 Mobile cranes
 Bridge cranes, overhead cranes and gantry cranes.
 Automated crane systems
 Construction cranes
 Manual hoists
Picture 36: Bridge crane (© JDN Monocrane)

Picture 37: Automated crane (© Kalmar)

Picture 35: Mobile crane (© Macgregor)
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General safety measures say that the maximum workload must not be
exceeded, the load must be properly balanced, that regular visual checks of
the hoisting equipment are made and that the hoisting angle of a double or
triple chain sling is minimized. Wind strength is an important factor when
lifting. To know which hoisting leads may be carried out according to wind
strength, the manufacturer's manual must be consulted.
Which lifting gear you need to use depends on:
 the size and shape of the load;
 the distance of the load transfer.
Lifting tools must be checked regularly for wear and damage. The hoist or
crane operator and his/her assistant must understand each other well. They
must also be able to clearly see and hear each other. For good understanding,
certain gestures are agreed upon before carrying out lifting work.
Picture 38: Construction crane (© Shutterstock)

Lifting accessories include hoisting accessories such as coupling links,
chains, eye bolts, cables and lifting straps.
The risks and hazards associated with lifting are:
 (parts of) the load falling;
 collapse or toppling over of the hoisting equipment;
 striking surrounding objects when manoeuvring the load;
 being struck within the turning circle of the hoisting equipment;
 hazards resulting from bad weather.

To spread the weight over a larger area and to increase stability, a mobile
crane must be mounted onto a solid surface with wooden boards or specially
made mats under the supports. When using multiple hoisting tools at one
location, cooperation and communication is of extreme importance.
Approved lifting tools need the following documentation:
 a crane log, in which all inspections and repairs are noted and signed
for. Approved status must be visibly marked on the lifting equipment;
 load charts and graphs, from which one can calculate which weights
can be transferred over which distances (capacity x length of arm).
For cranes, one should consult the crane charts;
 certificates of approval for winches, masts, (extra) chains, eye bolts,
coupling links, lifting straps, cables and lifting beams.
76

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

As a lifting equipment operator, you will need sufficient experience and skill
and be well trained. To prove this, you need to pass an examination. With a
passing score, you will receive a crane license. A crane license is mandatory
for all large cranes and hoists with a capacity of more than 10 ton-meters
{capacity x length of arm).
The operator's registration book shows what training he has done with which
types of lifting equipment and how much experience he/she has. To be able
to work safely with hoists, not only the crane, but also all winches, hoists,
lifting straps and hoisting accessories must be checked on an annual basis.

Lifting tools. Lifting tools are tools which are not permanently mounted
onto the lifting device. Examples of lifting tools are chains, steel cable and
lifting beams.

Chains. Chains can be used separately, but can also be fitted together.
Chains can be made in various types of steel. The strongest (and most
expensive) being refined steel. Maximum load must be stamped onto the
chain, on a metal plaque, or on a single link. Stretched and malformed links
must be rejected.
When working with hoist chains, you should do the following:
 Control the inspection date.
 Make sure nuts and couplings are completely closed.
 Do not place anything onto the point of the hook.
 Only use a special coupling link when extending chains.
 Control whether chains and accessories show visual signs of damage
(look out for serious rust or damaged links and coupling links).
 Only put force onto a chain in the direction of the longest side of the
links.





Do not put stress onto chains by hitting links with a hammer, for
example.
Protect the chain against hitting anything with sharp corners.
When extending a chain, only use special coupling links which are
stronger than or as strong as the original chain.

Steel cable. Cable with a reinforced centre and plaited steel forming the
outer layer.
Steel cable also needs to hold inspection certificates. It is important to
maintain these cables to a high standard. To this purpose, the following
regulations apply:
 Store cables in a dry, well ventilated area to avoid rust.
 Avoid contact with liquids and corrosive substances.
 Protect the steel cable with timber or place corner protectors to stop
the cables being damaged by a load with sharp corners.
 Do not place knots in steel cables.
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therefore support a weight equal to 500 kg. lf the same load is lifted by a
double chain sling, the cables are spread at an angle, meaning the strength
of each cable is increased through lateral force. The more the cables are
spread, the stronger they become. The legal maximum spread is 120
degrees.

Lifting beam. A lifting beam is a

Steel cable must not be used:
 when badly spliced (to form an eye or a loop in the steel cable, steel
fibres are separated and plaited together again);
 when there are broken strands, so called 'meat hooks', along a length
of steel cable;
 when there are tangled or broken strands;
 if there are seriously kinked or torn cable attachments;
 in cases of serious rust;
 if the cable is thinner in places.

Lifting equipment systems. A lifting equipment system is a combination
of several lifting tools used to lift a load, for example a lifting beam with
multiple chains or double, triple or quadruple chain slings.
When transferring a load of 1000 kg you can use a lifting bar and distribute
the weight between two steel cables, each carrying 500 kg. Each cable must

construction of multiple steel girders for
the distribution of a load between multiple
chains. A lifting beam is used for loads
with complicated measurements just
above the centre of gravity when there is
little space above the load, or for multiple
transfers of the same load types. Because
the cables, chains or lifting straps hang
vertically, they cannot slide into each
other.

Manual hoists. A manual hoist is a lifting device without its own source of
power, and as its name suggests, depends on manual labour. Manual hoists
are used when the setting up of a crane is not efficient. Manual hoists are
also used to transfer a load in either a horizontal or a vertical direction. The
biggest hazard when using a hoist is breakage. This is usually due to
overloading. The maximum permitted load is indicated on the hoist. Another
hazard is failure of the attachment point. So, ensure you have a sufficiently
sturdy construction.
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Hoists may only be attached to strong anchor points, never to handrails,
pipes or scaffolding.
You must follow these rules when using manual hoists:






lnspect the hoist before use for any signs of damage. If you find any,
bring the hoist back and report the defects
Do not load hooks to the point that they start to bend;
Avoid overloading;
Extending the handIe of a hoist with a piece of pipe is not permitted
as this leads to overload;
Lateral forces on a hoist cable are prohibited due to overloading.

Picture 39: Manual hoists
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9 Mechanical lifting activities
9.1 Lifting Operations and Lifting Equipment Regulations.
LOLER
The Lifting Operations and Lifting Equipment Regulations, 1998, (LOLER),
place duties on people and companies who own, operate or have control over
lifting equipment. The LOLER Regulations aim to make life safer for everyone
using and coming into contact with lifting equipment.
The Lifting Operations and Lifting Equipment Regulations 1998 (LOLER) were
made under the Health and Safety at Work etc Act 1974 (HSW Act) and come
into force on 5 December 1998. These Regulations implement the lifting
provisions of the Amending Directive to the Use of Work Equipment Directive
(AUWED, 95/63/EC). The Regulations apply in all premises and work
situations subject to the HSW Act and build on the requirements of the
Provision and Use of Work Equipment Regulations 1998 (PUWER).
Like the scope of PUWER, the potential scope of these Regulations is
extremely wide. 'Lifting equipment' includes such equipment as cranes, lift
trucks, goods lifts, construction site hoists, mobile elevating work platforms,
vehicle inspection hoists, gin wheels, ropes, chain slings, eye bolts etc. It
also includes ropes and other associated items used in rope access working.
All lifting operations involving lifting equipment must be properly planned
by a competent person, appropriately supervised and carried out in a safe
manner.
The LOLER contains an Approved Code of Practice (ACOP), which gives
specific advice on what employers must do to comply with the regulation.

The LOLER describes a total of 17 Regulations. The 17 Regulations of LOLER
apply to all lifting equipment used in the workplace, whether it is used to lift
loads or people. All sectors of industry are affected by LOLER. Anyone with
responsibility directly or indirectly for work equipment and its use, for
example employers, employees, the self-employed and those who hire work
equipment, needs to read the LOLER.
LOLER also requires that all equipment used for lifting is fit for purpose,
appropriate for the task, suitably marked and, in many cases, subject to
statutory periodic 'thorough examination'. Records must be kept of all
thorough examinations and any defects found must be reported to both, the
person responsible for the equipment and the relevant enforcing authority.
When considering what you need to do to meet the requirements of LOLER
due to the risks from using a particular piece of lifting equipment, the factors
that you need to consider include:





the type of load being lifted, its weight, shape and what it consists
of;
the risk of a load falling or striking a person or object and the
consequences;
the risk of the lifting equipment striking a person or some other
object and the consequences; and
the risk of the lifting equipment failing or falling over while in use and
the consequences.

New lifting equipment needs to satisfy certain essential health and safety
requirements as laid down in Article 100a Product Safety Directives. You are
not necessarily required to ensure that existing lifting equipment meets the
same level of protection as new equipment but this will depend on the degree
of risk. You must assess the risk in each particular case, the nature and extent
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of the risk will dictate what steps you need to take to control the risk. The
greater the risk the greater the measures that you need to take to reduce the
risk to an acceptable level.

Application offshore. LOLER applies offshore as the HSW Act applies by
virtue of the Health and Safety at Work etc Act 1974 (Application outside
Great Britain) Order 1995 (SI 1995/263). This Order applies the Act to
offshore installations, wells, pipelines and pipeline works, and to connected
activities within the territorial waters of Great Britain or in designated areas
of the United Kingdom Continental Shelf, plus certain other activities within
territorial waters.
Most important Regulations in relation to the Offshore activity are Regulations
4, 5, 6 and 7 (find them in the Annex 1):





Strength and stability
Lifting equipment for lifting people
Positioning and Installation
Marking of lifting equipment

Picture 40: LOLER’s contents
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10 First aid
10.1

General introduction

Use as much information as possible.
Give immediate, appropriate and adequate first aid.

REASSURE CASUALTY:

First Aid is the help given to a person who has been the victim of an accident
or a sudden oncoming illness.
AIM OF FIRST AID:
 Save life.
 Relieve pain.
 Prevent further worsening.
 Promote recovery.
 Bridge the time between the
accident and the arrival of
professional help.





Keep talking.
Help facing away from the injury.
Explain what you are doing.

ALLERT MEDICAL ATTENTION:






Your name and telephone number.
The exact location of the incident.
An indication of the type and seriousness of the accident.
The number of casualties.
What first aid has been given?

HELP ON THE SPOT:
ACTION IN EMERGENCY:






Safety:
Yourself.
Buddy and/or bystanders.
Casualty.
Take away the cause of the accident or remove the casualty from the
danger.

WHAT HAS HAPPENED / WHICH INJURIES:









If there’s no danger for the casualty do not remove the casualty.
If there’s any chance that the casualty’s condition might worsen
because of danger,
remove the casualty.
To move the casualty to
a safe area for a short
distance, you can use
the emergency grip of
Rautek.

Observe.
Use senses.
Make a diagnose.
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FIRST AID IN CASE OF ACCIDENTS
Consciousness is an awareness of our surrounding. Unconsciousness is a
damage of this awareness that can vary from being confused to being in deep
coma.



OBSTRUCTED BREATHING. Symptoms:
Conscious:






Unconsciousness is the result of an interruption of the normal activity of the
brain. The level of consciousness can be gauged by testing the casualty’s
response to stimuli such as sound or pain. The most important function of a
First Aider is to ensure that the casualty’s breathing is sufficiently.
Unconsciousness can be a life-threatening situation!
RESPIRATION PROBLEMS to check if someone is breathing; you can feel
movement of the chest or abdomen with your hand.
REASONS FOR RESPIRATORY PROBLEMS




Illness of the airway system.
Accidents.
Inhalation Trauma.

TREATENED BREATHING DUE TO FACIAL INJURIES, LUNG DESEASE,
BURNED AIRWAYS. Symptoms:



Difficult breathing.
Conscious.

Conclusion: Threatened breathing.

Alert medical attention

Blueness of lips ears or face.
Gripping the throat.
Gasping for air.
Unconscious:
Breathing is audible, snoring.

Conclusion:


Obstructed breathing, choking

Action:





If choking: Clear airway.
Firm hits between the shoulder blades.
Heimlich’s manoeuvre (abdominal thrust).
Mouth to mouth ventilation.

If unconscious:




Clear airway.
Recovery position.
Alert medical attention.

Action:



Half-sitting position.
Constant observation of breathing.
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Alert medical attention.
Start CPR

10.2

Wounds, bleedings and shock

Wounds can be both internal and external.



Internal wounds are complicated because treatment to such a wound
is not possible for a first aider.
External wounds can cause complications because germs can enter
and infect the wound.

As a first aider it is important to remember that there is a chance of infection
and therefore you have to work as sterile as possible when dealing with
a casualty with an external wound.
It is also important to keep in mind that the sight of blood can influence the
behaviour of both the casualty and the first aider.
INSUFFICIENT OR NO RESPIRATION. Symptoms:





Deep unconsciousness.
Possible
blueness of the
face.
No respiration

The seriousness of a bleeding depends on:





Type of blood vessel involved.
Quantity of blood loss.
Speed of the blood loss.
Location of the bleeding

First AID


Open
clothing.
airway.

tight
Clear

BLEEDING. Symptoms:




External wound.
Loss of blood
Pain
84

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

First Aid:






Let the casualty either sit or lay down.
Elevate the injured part of the body.
Stop the bleeding by covering the wound with a sterile dressing.
Remove watches, rings etc.
Refer to medical attention

SEVERE ARTERIAL BLEEDING. Symptoms:




External wound.
Severe loss of blood.
Pain.

First Aid:







Let the casualty either sit or lay down.
Elevate the injured part of the body.
Apply pressure on the correct pressure point.
Cover the wound with a sterile dressing.
Apply a wound pressure bandage.
Remove watches, rings etc.





Support the elevated part of the body.
Reassure the casualty.
Alert medical attention.

BANDAGES. Dressings or dressing pads are

BETTER DO
SOMETHING THEN
NOTHING AND
CERTAIN DON’T
WALK AWAY!

used to cover a wound and can be put over a
wound when it is sterile, in order to prevent
(further) contamination. Bandages can be used
to keep a dressing pad in place and you can also apply pressure in case of a
more severe bleeding.
TO APPLY A WOUND PRESSURE BANDAGE YOU MUST:





Elevate the wounded part of the body. (If possible).
Apply a dressing. (Preferably sterile).
Apply a circular layer of synthetic cotton wool.
Give pressure with a cambric roller bandage or a narrow- or broad
folded triangle cloth.

After you have applied a wound pressure bandage you must keep the injured
part of the body somewhat elevated and supported. For an arm you use a
sling and for a leg elevation

AMPUTATION. Symptoms:





Bloody stump.
First minor blood loss.
Pain.
Fear.
85

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

CLASSIFICATION OF SKIN BURNS.
Symptoms:



Picture 40: © ADAM



1st degree: Redness, swelling
and painful.
2nd degree: Blisters, which
might be open.
3rd degree: Black burned or
white cooked.
Skin, no sense of pain.

First Aid:
First Aid:







Lay casualty down.
Reassure casualty.
Apply pressure bandage.
Elevate wounded part.
Alert medical attention.
Amputated part sterile covered in a plastic bag and packed in a plastic
bag with water and ice.

BURNS AND SCALDS. Burns can be caused by:






Dry heat.
Electricity.
Chemicals.
Radiation.
Friction.









Immediate
cooling; 10
minutes under
slowly running
water.
Minor burns:
2nd degree
must be
covered sterile.
Severe burns:
2nd/3rd degree
must
be
covered sterile.
Lay
the
casualty down.

Arrange urgent removal
to hospital
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DO NOT




Break blisters or remove any loose skin.
Remove anything that is sticking to a burn.
Apply lotions, ointments or fat to the injury





Cold/clammy skin, forehead, upper lip.
Thirst.
Confused.

First Aid:

THE RULE OF NINES.
When 9% or more of the
body surface is burned or
scalded to a depth of the
second and/or third degree
there is a chance of the
development of shock.

SHOCK is an absolute or relative shortage
of circulating blood (liquid) in the Cardio
vascular system.
Shock is not an injury or an illness but a
“friendly” self-defence mechanism. The
shock mechanism is a system that tries to
keep the body (brain) as long as possible in
a good condition.

Casualty who’s in a shock is in a lifethreatening situation! Some causes of shock can be:






Severe internal and external bleeding.
Burns and scalds.
Poisoning.
Heart attack.
Crushing of larger parts of the body.

SHOCK. Symptoms:



Casualty looks pale.
Sick impression.








Lay casualty down.
Stop severe bleedings
Alert medical attention SHOCK!
Protect against cooling down (no heating up).
No drinking, smoking or eating.
Try by talking to keep the casualty conscious

10.3

Poisoning

Symptoms: (Intense) pain on lips, in mouth, gullet and stomach.
First Aid:





Let the casualty drink water as soon as possible. (1-2 glasses) Not if
casualty is unconscious or with oil products.
Arrange urgent transport to hospital.
Find MSDS sheet (material Safety Data Sheet) of the product
responsible of poisoning
Take along containers such as bottles or pillboxes.

If oil or petroleum product are involved act as follow:


Do not vomit
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Don’t give something to drink
Alert medical assistance
Collect information MSDS sheet Important!

In case of unconscious, apply recovery position.

POISONING BY INHALATION OF IRRITANT ASPHYXIATE OR TOXIC GAS OR
VAPOUR. Symptoms:




Persistent coughing.
Pain when breathing.
Shallow and weak breathing

SWALLOWED NON-CORROSIVE POISON. Observe:






Ask what happened if still conscious.
Sometimes clouded consciousness.
Dazed impression.
Sometimes aggressive.
Sometimes asleep.







Transport to (open) fresh air.
Let casualty sit up straight in case of irritant or corrosive poisoning.
Lay casualty down when asphyxiate or toxic gasses are involved.
Advise casualty not to move.
Alert medic.

If unconscious: secure breathing. It is very important to be aware of the
danger of your own respiration. Protect yourself before entering the area.

Action









Action:

Attempt to induce vomiting, however:
Not with petrol products.
Not if unconscious.
No drinking.
Alert medic.
If unconscious:
Clear the airway.
Check breathing.

POISONING THROUH THE SKIN. Symptoms:



Muscle cramp.
Respiration problems.

Action:




Remove the infected clothing; watch your own safety!
Wash for ten minutes with slowly running water.
Alert medic.

It is very important to be aware of the danger of contamination of yourself,
in the area and in contact with the casualty. So protect yourself.
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10.4

Bones

BRUISE / SPRAIN. Symptoms:




Pain.
Partial movement.
After a time swelling and change of colour

Action:







Let casualty sit or lay down.
Cool for ten minutes with slowly running water.
Cold dressing or “ice pack”.
Elevate injured part.
Consult medic.
Remove watches, rings, jewellery, etc.

CLOSED FRACTURE. Symptoms:






Pain.
Loss of normal movement.
Swelling.
Sometimes deformity.
Sometimes abnormal (uncontrolled) movements.

Action:




Immobilise the fractured bone.
Support and reassure.
For arm, wrist and hand a sling. For shoulder, upper arm and elbow
a broad fold triangular cloth. For lower limbs a rolled up blanket.

10.5

Hypothermia

“Hypo“ is standing for low and “therme” for heat, so hypothermia is standing
for low (core) temperature. The body temperature usually varies between
36.9o and 37.4o C. At 35.5oC hypothermia sets in. Three forms of
hypothermia:
1. Chronic
2. Sub-acute
3. Acute

CRONIC: hypothermia in elderly people and alcoholics. As chronic
hypothermia especially affects elderly
and/or alcoholics, it is not within the scope
of this syllabus to discuss this form of
hypothermia.
SUB-ACUTE: hypothermia caused by
exposure for example to cold air. The
simplest form of hypothermia in terms of
protection and treatment. Heat loss
because of exposure should not be
overlooked. Hypothermia sets in, slowly but steadily. The victim itself is not
aware of the fact that he is affected by hypothermia. A dangerous situation
can develop, since hypothermia can lead to loss of co-ordination between
thinking and doing. Putting on enough clothing can easily prevent exposure.
An important precaution in the first place in order to prevent this form of
hypothermia is to make sure not to get cold.
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ACUTE: hypothermia caused by immersion in cold water. Acute hypothermia
is the result of immersion in cold water. In the North Sea the surface
temperatures vary between 2ºC to 6ºC in wintertime and 15ºC to 17ºC during
summer. The temperature of coastal waters strongly depends on the air
temperature, but the North Sea is always cold to very cold.

WHAT TO DO TO PREVENT COLD SHOCK?



What happens after immersion in cold water? The reaction of the human body
to sudden exposure to cold water is:








Quick breathing that can lead to hyperventilation
Gasping for air
Increasing blood pressure
Increasing hart rate
Disorientation
Panic
And will result in a so-called ‘Cold shock’

COLD SHOCK CAN LEAD TO:
 Inhalation of seawater
 Reduce
swimming
capability
 Drowning, within first 2-3
minutes



Wear protective clothing. Clothing serves in dual purpose. In
clothing a considerable amount of air is trapped. This air helps you
to stay afloat for a while. It gives our body time to adjust to the cold
water temperature.
Do not jump in the water, whenever possible. Try to get into the
water gradually. Use a life raft or lifeboat, or use a personal escape
system.
Mental preparation. As soon as you enter the water your only
concern is to control your breathing. This control can only be
achieved by a positive mental attitude. Be PREPARED).

HYPOTHERMIA. After initial cold shock hypothermia will slowly but
steadily set in. A number of factors will determine how quickly
someone will become hypothermic:








Water temperature
Air temperature
State of the sea
Age, size, body, sex (not the amount)
Layers of insulation
physical condition
mental condition

Prevention: If working on places where falling overboard is possible, make
sure that you have a lifeline and life jacket.
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Picture 41: Body heat loss

WHAT CAN YOU DO TO PREVENT HYPOTHERMIA. Without a life raft or other
floatation device a person in the water must swim to keep her/his head above
water, especially with waves. In this situation there are two problems:



When
a
person
is
immersed in cold water the
body cools down very fast.
However, it may take 10 to
15 minutes before the core
temperature stars to drop. The greatest areas of heat loss are head and neck,
chest, armpits and groin region.

Drowning
Cooling down.

Swimming produces heat, but because the body is completely exposed to
the cold water, heat loss will be larger than the heat production. Another
important factor is that is not possible to swim for a long time. Conclusion:

Do not swim!

WEARING A PFD. If an immersed person wears a PFD, his/her only concern
is to stay warm because his PFD will keep him/her afloat. To stay warm, the
best thing you can do is: minimise your activity (Help Position):
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Reduce exposure by assuming the heat escaping Lessening position. Bring
your arms close to the side of your body.





Cross your ankles.
Keep your legs close and pull up your knees.
Search the most comfortable position
Protect face from spray water

HUDDLE POSITION. If you are with more persons in the water the huddle
position might





Wrap your arms around each other.
Form a circle facing the others.
Keep bodies as close as possible together.
Fill up the inner circle

Picture 41: huddle position

Do not change anymore. The HUDDLE position reduces heat loss by limiting
the body surface exposed to the water and helps SAR-units in locating you.
WEARING A SURVIVAL SUITE. A survival suit keeps you afloat and warm.
However, in case of an unconscious person a survival suit does not turn the
victim into the right position. Therefore a life jacket has to be worn

Picture 42: survival suit (©www.no-frills-sailing.com)
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WIND-CHILL FACTOR. When somebody is on the water also the wind-chill
factor is an important factor to deal with. By means of wind the air
temperature will feel lower, called the wind-chill factor see the next table:

Important what not






to do!!

do not rub the patient
do not warm up the patient with warm/hot water
do not lift the patient vertically
do not administer drugs
do not allow patient to drink alcohol.

BASIC FIRST AID IN CASE OF SEVERE HYPOTHERMIA. First aid:








BASIC FIRST AID IN CASE OF LIGHT HYPTHERMIA. First aid:








Get professional help.
Lift patients horizontally.
Remove wet/cold clothing, but only if that is easy.
If the patients want to drink (only if they can drink), let them drink
warm, sugar doped liquid.
Put patients horizontally, legs up, head lowered in order to obtain
maximum blood supply to the heart region.
Wrap patients up warmly, prevent any further heat loss.
Shelter, beware of wind chill. Basic first aid in case of hypothermia

Lift the casualty horizontal
Don’t move the casualty
Do not remove wet clothing
Put the casualty in a horizontal position with the feet raised
Put the casualty in warm blankets
Protect victim against the wind
Get professional help.

FIRST AID FOR A HYPOTHERMIC VICTION IN A LIFE RAFT OR LIFEBOAT
In all lifeboats and life raft we find an amount of Thermal Protective Aids
(TPA’s) depending on the capacity. This is 10% of the capacity. The TPA’s
will prevent more heat loss by the wind and the casualty will warm itself up
again by its own body temperature. The TPA’s are not designed to use in the
water.
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Preventive clothing. Prevention is also important, think about that you have
to work on or around the water, use in this case a lifejacket or work vest.
Also if you go on open water for a
drill or real man overboard situation
use for the correct protection.

WE GIVE CPR BY ONE FIRST AIDER:




Start with chest compression. (30x).
Followed by mouth–to-mouth. (2x).
Continue with the above in the following sequence: 30-2-30-2-30-230-2-30-2 sq.

The rhythm that you should use is 100 compressions per minute. The depth
of the compression of an adult is 5 cm. you have to check for a pulse with
regular intervals. (The first time after 1 minute).
You will continue till:





10.6

CPR. Cardio Respiratory Resuscitation

CPR we mean to give compression and mouth-to-mouth breathings. We try
to bring oxygen to the brain.
Symptoms:





Breathing is returned.
Professional first aider on the scene.
Exhausted and nobody to take over.
Danger for yourself

Deep unconscious.
No breathing.
No circulation.
Pale.

With more first aiders change on a regular base, for example every 5 minutes
(5 times 30-2). Always give the CPR by one person.

On most offshore platforms “Automatic External Defibrillators AED”
are present. Those AED are made in such a way that you cannot make
mistakes.

Action: Start CPR and alert medical attention
94
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

10.7 Medical assistance on a platform. Radio Medical
Service (RMS) and Medical Evacuation (MEDEVAC)
MEDICAL ASSISTANCE ON A PLATFORM. On platforms sick bays are present
with the necessary medical equipment. For instance, in the Netherlands it is
a requirement to have an Offshore paramedic on board if there are more than
25 persons on the platform. In case of less pople on board, one of the
operators will act as a medic
RADIO MEDICAL SERVICE (RMS). When there is a severe casualty or
sickness on a platform the medic can ask advice from an onshore
organization usually called RMD. The RMD will have doctors available to give
medical assistance.
The Radio Medical Service is manned by a special team of doctors with a
nautical background. They usually work in different shifts during the week
and in the weekend. They will be informed and within 10 minutes they can
make contact with the platform. The doctor is familiar with the platform and
the possibilities. The doctor can determine by radio, satellite or telephone
what the symptoms are. Depending on the situation the doctor can describe
medicines or give the advice for a medevac (medical evacuation).
Medical evacuation (MeDevAC). In case of casualty or sick person in a such
condition that medical assistance from the shore is needed, the coastguard
in good cooperation with the RMD doctor will decide to carry out a MEDEVAC.
In most cases a doctor will escort the MEDEVAC to threat the person on the
spot and prepare for transportation.

Picture 43: © InsideFirstAids.com
95
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

11 Helicopter safety
11.1

Transport to an offshore platform

The use of helicopters in the offshore industry is quite common nowadays.
It’s a fast and safe way of transportation. The alternative ways (supply boat
and crew basket or swing rope) are more dangerous and depending on the
weather it can be suspended. this is the reason that a majority off the offshore
operators don’t allow crew changes by crew basket.
Helicopters can be considered a safe means of transport. Helicopter pilots
are well prepared for their job. They have all completed an extensive training
and have all carried out emergency landings as part of their training.
Mechanical malfunctions and human error may incidentally result in
problems. The response to an emergency-situation differs for each person.
It is a proven fact that people who know what to do in a certain situation have
a better chance of coping with that situation. By knowing more about the
things that can happen and how to behave in a distress situation, one may
be able to anticipate problems and use the knowledge acquired in this course
to survive a helicopter emergency.

HELICOPTER SAFETY
Check in at the heliport. Normally if you fly offshore you must be 45 till 60
minutes before departure on the heliport
Registration. Your flight is booked and you have to show your passport,
remember you leave the country. Also it can be that you have to show your
personal safety logbook or safety pass.
Boarding card. You will be booked for the flight and you have to show your
passport because you are leaving the country. Also it can be possible that

you have to show your safety passport or other document that you have done
the proper basic safety course. In some countries companies are using a
central database with information about your medical and basic safety course
as an example the Vantage system. You will receive a boarding card with the
flight number and sometimes the boarding cards are colour coded. At the
heliport a monitor is available to check the departure time. A final call for the
flight is announced by intercom.
Luggage. The weight of the luggage you can take with you is 20 or 30 pounds
(10 or 15 kg.) make sure that the luggage is in soft hand holds and they can
be closed with zippers. Don’t bring loose items with you such as pens,
newspapers, glasses e.g. In an emergency situation those loose items can
fly around and causing injuries. The luggage can be handed over to customs
and will undergo security checks. make sure that a luggage tag with your
destination is well connected to your baggage.
Prohibited items:












Weapons, ammunition
and explosives.
All types of lighters.
Alcohol and drugs.
Pressurised containers.
Battery
powered
equipment,
unless
batteries are removed.
Magnetising materials.
Radioactive materials.
Corrosive materials.
Medicines.
Cameras are not allowed on some platforms.
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Some platforms have their own regulations. If in doubt ask in advance the
helicopter operator or the oil company if this declarable item is accepted.

Written carry permit. For some items a written carry permit is required, such
as:








Medicines
Radios and other equipment with batteries
Equipment with unclear ownership, for instance cameras and video
Tools, instruments etc.
Documents relating to the installation
Food and provisions
Knives

It is compulsory for the helicopter operator to show you the helicopter
safety video of the helicopter you are flying with before departure. make
sure you watch this video carefully also for the old hands in the offshore. On
the heliport personal will guide you to the helicopter, your luggage will be
brought to the helicopter by trolley.

BOARDING PROCEDURES/HELICOPTERS WITH NO TURNING ROTORS
“SHUT DOWN”

The security guards will help you to complete the carry permit. The carry
permit must accompany the items on both the outward and return journeys.

Wait helicopter safety. After the baggage has cleared customs it is time to
collect a helicopter transportation suit. The oil companies for which you are
going Offshore has a stock of helicopter transportation suits. Also think of
the correct under clothing, in winter time when the water is below 10 degrees
Celsius it is compulsory to wear three layers of under clothing. Pay attention!
At the heliport they will check this. Donning of the suit can wait till your flight
is called by the intercom system. make sure that your passport and other
important documents are kept in the empty pocket on your suit. Remember
you still personal have to pass customs.
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The helicopter crew will always guide the passengers to the
helicopter.
On some heliports you will find yellow markings.
Heliport personal will load the helicopter.
You will receive a helicopter lifejacket to put on, check each other.
You will be asked to take a certain seat, depending on the flight route.
The doors will be locked by the heliport crew.
The pilots will keep a safety briefing before departure.

IN FLIGHT REQUIREMENTS






Sit where directed and put on the seatbelt.
Use earplugs or if available headsets.
Read the safety leaflet and orientate yourself.
Obey the seatbelt and no smoking signs.
Do not interfere with helicopter equipment.

Remember that HLOs (Helicopter Landing Office) and HADs (Helicopter
Deck Assistance) are responsible for all activities on the helicopter deck.
BOARDING PROCEDURES WITH ENGINE AND ROTORS RUNNING








DISEMBARKING HELICOPTER.








After the helicopter is landed and stable the Helicopter Landing
Officer will open the correct door.
It can be possible you have to wait till the rotors and engines are
stopped. this for instance can happen if refuelling is the case.
Leave seat only when instructed.
Your luggage will be ready on the helicopter deck.
Clear the helicopter deck and stay low, pay attention some helicopter
decks have netting.
One deck lower the lifejackets will be handed over.
Report at admin.








Wait on the appointed place of the HLO, in most cases this one deck
lower.
Be aware of loose articles. (bags, newspapers, etc.)
You receive a helicopter lifejacket, done it correctly and help each
other.
You receive permission from the HLO or HDA helicopter Deck
Assistance
to
enter
the
helicopter deck.
For a safe approach do not run.
Walk lining up.
Line up. Never approach the
helicopter when anti-collision
light is burning or when the red
light is rotating.
Always crouch slightly when
approaching or leaving the
helicopter. Stay Low!
In view of the crew, 45 degrees
from either side of the nose from
the helicopter
Never from the rear. (tail rotor)
Never from the front. (main
rotor-blades are slightly tilted)
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Helicopter Emergency procedures
Helicopters are known to be very trustworthy, they fall under a strict
preventive maintenance scheme. However, because of technical or personal
mistakes helicopters can have to deal with emergency situations, with the
possibility to make an:




Emergency landing on land.
Emergency landing on the platform.
Emergency landing on water.

Helicopters in general, but especially helicopters flying for oil companies are
equipped and have to deal with stricter regulations such as:










Equipped with two engines.
Two pilots.
Amphibious.
Fixed and/or inflatable floaters to make the Helicopter more stable on
the sea surface.
A sea anchor to ensure that the helicopter remains with its nose into
the wind to avoid capsizing.
Equipped with helicopter life rafts.
Equipped with distress beacons.
Personal survival gear.
Auto-rotation.

Helicopter pilots have the ability to perform a controlled landing using autorotation in case of an engine failure. When the rotors of the helicopter turn
fast enough the pilot can transfer forces into a vertical lift. As the helicopter
approaches the sea- surface, the pilot carries out a manoeuvre that will
minimise the vertical and horizontal speed of the helicopter to zero. Result: a
minimum impact.
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HELICOPTER RAFT are placed on strategically places. This can be under the
chairs or on the inside of the helicopter doors. You can find the helicopter
life raft in a yellow valise or special container. We talking about a dedicated
or non-dedicated helicopter life raft. The helicopter life rafts of the new
helicopter Augusta Belt 139 are situated at the outside of the helicopter (see
picture). This is an advantage if the helicopter is floating reversed at the sea,
the life rafts are then still to operate.

is situated, to cut the mooring lines. The life raft is equipped with two mooring
lines, a short one partly coloured blue with a length of 92 cm and a long
mooring line coloured partly red from about 12 meters long. The short
mooring line is normally connected to the helicopter with the purpose to
activate the life raft after jetting son.

OPERATING THE HELICOPTER LIFE RAFT (STERP BY STEP)









RFD HELICPTER LIFE RAFT. The life raft is on both sides exactly the same.
Often it is a 10 person’s life raft that is the reason that in most helicopters
you will find two helicopter life rafts. After ditching of a helicopter the pilots
will give instructions which side to launch the helicopter life raft, this is
depending on wind and wave conditions. On the top of the tube a safety knife

Activate
Boarding
Clear helicopter
Collect inventory
Deploy sea anchor
Close canopy
Switch on emergency beacon
Wait for rescue

The emergency equipment
is connected to the life raft
in watertight bags pointed
out with inventory. The sea
anchor is situated at one of
the boarding ramps. The
sea anchor you have to
deploy yourself. On each
side of the life raft you can
find the canopy, which is
easy to connect with buckles and velcro straps. On the way the canopy will
make the life raft wind and water tight. On top of the canopy a stroboscope
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light is placed and after deploying the raft the battery will be activated in the
water. If a helicopter rescue will take place you have to open the canopy
again, because of the downwash of the rescue helicopter.

11.2

watertight. The hood and gloves often made from neoprene are situated in
the pockets or/and sleeves. The suit is tighter around the legs and on the site
of the legs a zipper or elastic bands will make it easier to don the suit.

Personal life equipment

PERSONAL LIFE SAVING EQUIPMENT
Thermo-clothing. A certain survey identified that 70% of helicopter
passengers flying offshore were wearing inadequate thermal protection
beneath the transportation suit. For this reason, the operators on the North
Sea decided to make certain thermos-clothing compulsory. In the summer
from the 1st of June till the 1st of
November when the water temperature is
higher than 10° Celsius 3 layers of
clothing is required underneath the
transportation suit. This will mean
suitable underwear/T-shirt, shirt with long
sleeves, jumper sweater and long
trousers. In the winter the 1st of
November till the 1st of June an extra
layer of isolation in connection with the
suit will be supplied.
Transportation suit. The transportation
suit is not an approved SOLAS (Safety Off
Lives At Sea) survival suit. This will mean
the isolation is less and hypothermia will
set in faster. Instead the transportation
suit is giving more comfort and it is also

Pictures 43 and 44: underwear clothing (left) and transportation suit (right).

Important points during donning the suit:


Make sure you have the right size, by bending your knees and rising
your arms above your head you can check if you have the correct
size.
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Be careful with watches and bracelets during donning, they can
damage the seals.
Check if the hood and gloves are in the pocket.
The suits are equipped with fixed socks, take of your shoes and put
on the suit. After this you can put on your shoes again.
The zipper must be closed completely, sometimes an extra device
will make sure that the zipper is closed.
Don’t walk without your shoed it will damage the suit.
Take good care of the suit, the zipper is very venerable, prevent
bending.
The watertight seals around neck and wrist are also very venerable.
If the suit is damaged or even you will find grease on the suit it is
not watertight anymore.
If in doubt change the suit, you also have to fly back with the same
suit.

Lifejacket. A helicopter lifejacket is an approved lifejacket by the CAA “Civil
Aviation Authorities”. The helicopter lifejacket is a semi-automatic lifejacket
that only can be activated manual. Off course it should not be activated when
water will enter a ditched helicopter. A helicopter lifejacket is equipped with
the following items: activating mechanism, a CO² bottle, a whistle, lifeline,
oral inflator, reflective material and a spray hood.

Picture 44: Aviation lifejacket

Picture 45: Spray visor
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Emergency Breathing Device EBD. After the results from studies done by
Shell ep from the 1st of June 2002 it became compulsory to use the air
pocket plus re breather system. At first the air pocket plus was a separate
unit on top of the lifejacket. The reason that re breathers were implemented
was shown in different studies. In water of 10° Celsius an average person
can hold is breath between 17 and 39 seconds. After a helicopter ditch when
the helicopter is reversed upside down it is calculated that you need at least
40 to 60 seconds to escape.
The Air pocket plus. The AP+ consist of a counter long with a content of 5
Litres to the long a hose is connected with a mouth piece and a nose clip. A
small
bottle
with
compressed air is activated
automatically or manual to
supply an additional 3 litres
of breathable air. Between
the hose and the mouth
piece a two way valve,
operated by a red knob is
installed.

The lifejacket Air Pocket LAP. The next development in the emergency
breathing devices is a
combined
rebreeding
system integrated in the
lifejacket or survival suit.
The Air pocket plus was
integrated in the lifejacket,
that’s why this is called the
Lifejacket Air pocket LAP.
Also this lifejacket is
approved by the civil
aviation authorities” CAA.
Picture 46: Integrated rebreather in survival suit

Helly Hansen emergency breathing system. In Norway helicopter operators
are flying with survival suits, in the latest one an emergency breeding device
is installed. This system is also activated manual or automatic.
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Personal locator beacon PLB. Nowadays a number of oil companies supply
offshore workers with an emergency beacon. On some offshore platforms
homing devices installed are installed to pick up the for this emergency
signal. After the PLB is activated a man overboard alarm will be activated in
the control room. On a digital nautical chart the position and drifting direction
is shown. Also on the fast rescue craft a homing device is installed that will
pick up the signal on the frequency of 121.5 MHz. Also search and rescue
helicopters can home in on this signal.

11.3

Emergency landings

Still it can happen that helicopters are forced to make an emergency landing.
Off course pilots and passengers have to deal with panic, injuries,
disorientation, shock and fire/explosions. At sea also buoyancy, cold shock
and hypothermia are additional problems. What to do?
Emergency landing on land. With an emergency landing the crew will take
precautions and everybody is asked to maintain a brace position. The brace
position is depending on the type of seatbelts; it can be 4 point or 2 point
harness seatbelts. Also the type of chair can be an issue, is it a high or low
seat. After the emergency landing the crew
will direct the passengers how to evacuate the
helicopter on the best possible way. This is
depending on the rotor blades and possible
fire or explosion risk. Best practice after
evacuation to stay low because of the rotor
blades and proceed up wind. During
evacuation help each other and take
emergency equipment with you.

Pictures 47 and 48: 4 points seatbelt (left) and 2 points seatbelt (right)

Emergency landing on helicopter deck. With an emergency on the platform,
the fire team will be standby by to cover the helicopter with a foam blanket,
with the purpose to prevent a fire or explosion. Also in this situation the crew
and the fire team are in charge. Make sure that after opening the door leave
the helicopter deck fast and safe.

Emergency landing on water (Ditching). We can make an option between:


Emergency landing on the surface. If the helicopter will sat afloat
the helicopter must be abandoned on an orderly manner after the
helicopter life raft is activated. In helicopter with more than 25
passengers a flight attendant is present in the cabin to abandon the
helicopter on an orderly manner.
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Submerged. Still there is a high change that the helicopter will turn
over directly after the ditch. This will depend on a few factors, such
as wind, waves, damage to the helicopter and the gyroscopic effect
of the rotor blades.

operating devices. Very important is that you get familiar with the exits of the
helicopter you are flying with.

Escape procedures with a submerged helicopter:











After the brace position slowly sit up and operate the Air Pocket/EBD.
Locate your exit.
Prepare emergency exit, but do not open.
Wait till the motion of the helicopter stopped and the rotor blades or
snap off, prevent disorientation.
Locate the exit and open it. The best option to open a push out
window is in the corner.
Hold the exit with one hand and open your seatbelt.
Use this as an orientation point and pull yourself out of the helicopter
after you released the seatbelt.
Do this on your back, so you are always in the position to push
yourself away.
Inflate your lifejacket at the surface and with spraying water put on
your spray visor.
Board the life raft, search and help others.

Pictures 49-51: Brace position

Emergency exits. Helicopters are equipped with mechanical and push out
windows. Doors of the hinged type can be released in an emergency by
pulling over an emergency handle. Also there are helicopter equipped with
sliding doors. On all exits is described how to open the exit in an emergency.
All emergency exits have emergency lighting around the exit and at the
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12 Survival at sea
12.1 Abandonment and survival techniques. Group survival
and personal survival equipment. Lifeboats



Free fall (vertical drop)

When boarding a lifeboat you move away from the entrance as quickly as
possible to limit the boarding time. The coxswain is in charge of the
abandonment

GROUP SURVIVAL. When an offshore installation or vessel must be
abandoned it is important to set priorities. If abandonment is the only option,
different group or personal survival equipment can be used. A few group
survival equipment are:
1.
2.
3.

Lifeboats (conventional and free fall)
Life rafts
Group descending systems

If we think of personal life saving equipment we have the following personal
equipment available, such as:
1.
2.
3.
4.

Survival suits
Lifejackets
Lifebuoys
Personal descending devices

Off course the platform itself the best option to stay on, and a total
abandonment must be prevented. Beside this is also better options to
abandon such as evacuation by gangway or helicopter.

LIFEBOATS. Different type of lifeboats can be used for a group evacuation.
The lifeboats can be divided in three groups:



Conventional lifeboats (single and double falls)
Skid free fall
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Once boarding the lifeboat think of the 3S’s; Sit down, Strap in and Shut up.
Four point seatbelts are installed in some lifeboats. Conventional boats (not
free-fall) are equipped with a gravity lowering system. That means that the
boat will drop into the water when the brake, via remote control, is released.
The following step is to detach the boat from the falls by means of a ‘on load’
system. The On Load Hook system makes it possible to open the hooks, even
when the falls are under tension. The On Load system is protected against
miss use by a hydraulic inter lock so that the boat cannot be released
premature. Once in the water the release handle can be used.
This can be done manually in an emergency! Watch out! Deaths have been
caused by incorrect use!
The coxswain will move away from the installation to a safe area after the
abandonment from the platform. At a safe distance he will order to deploy
the sea anchor and wait for rescue. Another name for lifeboat is TEMPSC
(totally enclosed motor propelled survival craft). An air supply system is
installed in the boat and will provide breathable air for at least 8 minutes. This
air supply is necessary for 3 reasons:





Persons on the boat need air.
When all the hatches and ventilation ducts are closed and the air
supply system is open, there will be over- pressure in the boat which
will keep poisonous gases out.
The engine uses air from in the boat.

The lifeboat’s hull must be made from a water-proof, fire-resistant material.
Material used could be:


Polyester (Rgp).




Steel.
Aluminium.

The lifeboat must be strong enough to be able to fall from a height of 3
metres. The boat is not heat-resistant enough when the water surface is
burning. So a spray or sprinkler system is mounted on the boat. A pump is
connected to the engine on the boat. ±600 litre of water per minute will flow
over the boat when the engine turns and the suction valve is opened. The
pipelines and sprinklers are to found on the outside of the boat. A diesel
engine has been used in the lifeboats because it is very reliable and the
flashpoint is higher than a petrol motor. It should be possible to start the
engine in 2 ways. A main system and a back-up system.
The minimum speed of the boat amounts to 6 knots per hour and there must
be enough fuel for 24 hours of travel. The lifeboat has a double hull and a
low centre of gravity and is therefore self-righting and unsinkable. The hull is
filled with hard polystyrene. It is important that everyone remains seated with
their safety belts on because of the low centre of gravity. This is the first
thing you do when you take your place in a lifeboat. The SOLAS convention
(Safety of Life At Sea) and the LSA (life Saving Appliances) code will provide
general regulations for lifeboats and rafts. The regulations provide
information about: construction, stability, propulsion, equipment and
signalling. Such as: the lifeboat must be orange so that the boat is visible on
the open sea also a minimum inventory can be found on the boat in
accordance to the SOLAS standard. For Offshore installations exemptions can
be made.

LAUNCHING SYSTEMS. Generally used launching systems are:


Fixed davit system. (A-frame)
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Gravity davit system.
Free-fall launching system.

The davit system with double or single fall is provided with a winch and brake,
so that a controlled descending is possible. Once in the water the hooks must
be opened to release the falls. The free-fall boat is launched without falls. It
slides from the launching arrangement and drops into the water. This system
cannot be used in shallow water or when there is ice or debris in the water.

LIFE HOOK. Every lifeboat is equipped with a hook system it can be a hook
system to release the falls when the boat water- borne or it is a release
system when the boat is position such as a free fall lifeboat. For the basic
offshore course we will not go in details because every lifeboat has different
launching systems and release hooks. But the trained coxswain is familiar
with the system on board his/her platform.

ASSEMBLY OR MUSTER. It is important to know how many persons have
been divided between the various lifeboats in an emergency situation. The
names of those present are handed to the control room after being checked.
Each coxswain has a lifeboat and life raft assigned to him. The assembly
station is in or outside the accommodation but close to the boats or rafts.

THE COXSWAIN MAKES SURE THAT:




The name list is checked.
The persons are clothed properly.
There is radio contact with the control room.

BOARDING. You will receive permission to board after being checked. This
is because you could be assigned to another boat if there are problems with
the first. Permission to board and launch can be given by the control room
and is done on the initiative of the boat commander. The commander is
responsible for the boarding procedure, most passengers are requested to
take their places at the back so that the propeller and rudder touch the water.

THE PASSENGERS MUST:







Board in a disciplined fashion.
Use all entrance hatches.
Keep the entrance hatches clear.
Share the weight around and sit down.
Fasten the safety belt.
Remain calm.
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Be as quiet as possible.
The last passenger closes the hatch.
Extra actions when the boat is launched into a burning sea surface:
Shut all hatches and ventilation ducts.
Switch on the sprinkler system.
The air system is turned on.

The lifeboat should be ready for use but should be checked again by the
boat’s crew before launching. The coxswain will check the boat while the
muster checker calls out the list of names.

CHECK POINTS AT THE BOAT









The railing work should be open.
The maintenance service wires must be loose.
The entrance hatches must be open.
The plug in the bottom must be in place.
Carry out an engine check.
Check the VHF radio.
Check the rudder stand.
Check the escape course.

12.2 Abandonment and survival techniques. Group survival
and personal survival equipment. Liferats
There are two types of life rafts, the TOB Throw Over Board and the DLL
Davit Launch able life rafts. The TOB is relatively easy to use and always
ready to use. The TOB can be quickly launched and will provide relatively
good protection. It also requires a minimum stowage space and don’t require
a launching facilities.
The life raft shall be packed in a container that is:





Constructed as to withstand hard conditions encountered at sea.
Sufficient inherent buoyancy, when packed with the life raft and its
equipment, to pull the painter from within and to operate the inflation
mechanism, should the installation sink or capsize.
As far as practicable watertight, except for drain holes in the
container bottom

Normally the maintenance and safety wires will not be attached. These cables
prevent the boat dropping down during maintenance work.
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CONSTRUCTION OF LIFERAFTS. Every life raft is constructed to be capable
of withstanding exposure for 30 days afloat in all sea conditions. The life raft
is constructed that when it is dropped into the water from a height of 18 m,
the life raft and its equipment will operate properly. If the life raft is to be
stowed at a height of more than 18 m above the waterline in the lightest
seagoing condition, it shall be of a type which has been drop-tested from at
least that height. The life raft and its fit- tings are constructed to be towed at
a speed of 3 knots in calm water when loaded with its full complement of
per- sons and equipment and with one of its sea anchors streamed. Unless
the life raft is to be launched by an approved launching appliance the total
mass of the life raft (including container and equipment) are not more than
185 kg. Inflatable life rafts are designed for 4 persons till 148 persons. The
life rafts are packed in containers including the special designed emergency
equipment.












Inflatable canopy.
Inflatable floor.
Sea water batteries.
Stability bags.
One or two entrances.
Over pressure valves.
Extra inflation valves.
Automatic lights.
Lifeline.
Self-deployed sea anchor.

POSITION OF THE LIFERAFTS. The life raft including the emergency
equipment is packed in a polyester container or rubber bag. If the distance
from sea level is higher than 25 meters a davit launch able life raft is required.
The container and raft are so designed that the raft can be launched with a
davit.
DESIGN. Rafts are made from heavy duty rubber on both sides. The topside
is usually bright orange and the underside is black. All parts of the raft are
glued. The quality demands are controlled by international and national
authorities such as described in SOLAS convention and Life Saving
Appliances LSA code.
COMPONENTS OF THE RAFT:



Separate inflatable compartments.
Inflatable canopy supports.

THROW OVER BOARD RAFT. A painter line runs from the raft container which
is fixed to a Hydraulic Release Unit HRU. The painter line is stored in the
container and is fixed by a steel cable with a steel cylinder of compressed
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gasses (CO2 and N2). When the raft is thrown overboard the painter line will
activate the cylinder. The painter line is connected to the life raft and prevent
that the life raft will drift away. The painter line is connected to the installation
or HRU. Between the painter line and the HRU is a break line, if the installation
should sink the break line will snap through by the up- wards buoyancy. Then
the life raft will float to the surface. After launching the life raft you should
pull the painter out of the container, if there is any resistance you should tug
sharply so that the pressure cylinder is activated, the raft will then inflate and
come out of the container.

HRU.

HRU.




It could be necessary to launch the raft elsewhere in these situations. Untie
the painter and carry the raft to an- other position, fasten the line and throw
the raft overboard. Check the painter. It is of course of great importance that
the painter remains in place until everyone is in the raft because the raft
would otherwise drift too far away in a strong wind or current. It is possible
to tow the raft with a specially attached towing piece. The strengthened
towing piece should be used to connect several rafts together. The speed of
towing a raft should if possible be restricted to 2 knots. Before entering the
raft you should remove sharp objects such as tools. Enter the raft by means
of a (rope) ladder, scramble net, rope or from the water, try to ensure that
you stay dry. You could jump into the raft from a not too great a height but
it is not recommended, the shell of the container could cause injury. Never
jump into the raft if other persons are already in the raft.
Launch procedure
for a throw able life
raft:


WHERE SHOULD THE LIFE RAFT
LAUNCHED? Important points:



Is there a fire on board
(smoke and heat)?
Is the surface of the
water burning?

Can you reach the leeside?
Is there debris where you wish to go overboard?



Ensure that
the painter
is attached
properly.
Check
whether it is
clear
overboard.
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Remove the sea lashing around the container and take the raft to
the railing.
Remove the railing if necessary.
Throw the raft out.
Pull the rest of the painter line sharply out of the container to activate
the CO2 cylinder.
The raft will inflate in ± 60 sec.

DAVIT LAUNCHABLE LIFERAFT (DLL). These life rafts have a special method
of launching but can also be thrown over- board. The advantage is that you
enter the raft dry and don’t have to climb down. The disadvantage is that
launching will take more time and you need to know how the operate the
DLL. The hook and davit with a single wire are special designed for the DLL.
After launching the life raft the hook that
opens automatically when the raft makes
contact with the water, as long as the safety
pole is removed! The operator should lock the
hook if it is fixed to the raft. When the raft
nears the water (± 0.5 m.) the lock should be
set to ‘acute’. The hook will only open when
the weight of the raft no longer hangs on the
hook. Make sure the safety pole only opens at
0.5 m. from the water.

Picture 52: Off Load Hook

Turning a raft. If the raft is inflated upside-down or turns over, you must
turn it back again.






Climb the ladder on the side onto the raft where the CO2 cylinder can
be found.
Stand on the float and while holding the turning
Line gently lean backwards.
If you are lying on your back with the (soft) raft on you, pull yourself
from under the raft with the turning line.
Then climb into the raft.

Nowadays there are also self-righting life rafts are self-righting.
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Developments. Today platforms will be equipped with personal and group
descending systems. These group descending systems will replace the
scramble nets. The painter line is linked to the scrabble net. Instead, the
descending systems have a painter link to enter the life raft easily. Those
systems will replace the scramble nets and ladders to descend from platform
to sea level.
Developments to evacuate a large number of people in a quick and save
manner are introduced into the offshore industry. One of those systems is
called the SES Sky Scape. This system is launched from a container stowed
on deck. After launching the sys- tem will be lowered to sea level. At the
bottom part of the system a boarding raft is attached. This can move up and
down depending on waves and swell. At this raft more life rafts are attached
which can be activated manual.

12.3 Abandonment and survival techniques. Personal
survival techniques. Personal life saving equipment
PERSONAL LIFE SAVINGS EQUIPMENT. There are three different ways to
enter the water:




Without survival suit or lifejacket.
With lifejacket.
With survival suit and lifejacket.

Entering the water without survival suit and lifejacket, then the risks of
drowning and hypothermia are high. Swimming demands energy to initiate
114
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

muscle action. The heat loss incurred due to submergence in water will be
far greater than that which the body can produce, resulting in the rapid
development of hypothermic symptoms. Blood flow to the muscles will be
impaired. Therefore, swimming is not the most ideal method. Is it still
necessary to swim, think of a life raft floating by then swim as a group.

THE BEST METHOD TO SWIM. The best method to swim is a compromise,
where on the one hand energy is used and on the other hand won, because
the victim turns on his back and by paddling with his hands he can choose
the best position against sea and wind. In this situation clothing should never
be removed (with the exception of heavy boots), as clothing provides a little
insulation. Spare your energy in as much as possible; do not waste it by
calling for help for example.
The H.E.L.P. position. H.E.L.P. stands for heat escape Lessening position. If
you’re wearing a life jacket you have an important safety appliance at hand.
The life jacket provides you with buoyancy so that the risk of drowning is
reduced; it allows you to concentrate on preserving your body heat. A good
method to keep the body temperature as high as possible is to reduce muscle
activity by using the H.E.L.P. position. If you’re with more people, the
HUDDLE position can be used. Because you lessen your body surface, your
loss of heat is also reduced.

LIFEJACKETS (CONVENTIONAL)









Also lifejackets must comply with the life-saving appliances LSA code
this will mean:
A lifejacket shall not sustain burning or continue melting after being
totally enveloped in a fire for a period of two seconds.
At least 75% of persons, who are completely unfamiliar with the
lifejacket, can correctly do it within a period of 1 min without
assistance, guidance or prior demonstration.
After demonstration, all persons can correctly don it within a period
of 1 min without assistance.
It is clearly capable of being worn in only one way or, as far as is
practicable, cannot be donned incorrectly.
It is comfortable to wear.
It allows the wearer to jump from a height of at least 4.5 m into the
water without injury and without dislodging or damaging the
lifejacket.
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An adult lifejacket shall have sufficient buoyancy and stability in calm fresh
water to:





Lift the mouth of an exhausted or unconscious person not less than
120 mm clear of the water with the body inclined backwards at an
angle of not less than 20° from the vertical position.
Turn an unconscious person clear of the water in not more than 5
seconds.
An adult lifejacket shall allow the person wearing it to swim a short
distance and to board a survival craft.




Be fitted with a device to inflate it manual.
Be equipped with tubes for oral inflation.

The jacket is automatically inflated when the user falls into the sea, or
manually by pulling a toggle hanging from the side. The inflation usually
works as follows: a tablet dissolves in contact with water and activates a
CO2 cylinder. There are also systems with a hydrostatic release device.

Nowadays lifejackets are also equipped with a buddy line and a spray hood,
however this is not a requirement. Attention in the chapter safety we will
come back on work jackets, it is pointed out those working vest are not
qualified as approved lifejackets.

Pictures 53 and 54: inflatable lifejacket (left) and inflation device (right

LIFEJACKETS ARE FURTHER EQUIPPED WITH:
LIFEJACKETS (inflatable). Additional inflatable lifejacket must have:



They must at least have two separate compartments.
Inflate automatically on immersion.






Reflective material.
Obvious colour.
Whistle.
Emergency light.
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Indication of approved body.
Floating capability in Kilo Newton.
Inspection date inflatable lifejacket.



IMMERSION
SUITS.
An
immersion suit will give
isolation and buoyancy a
helicopter transportation suit
doesn’t,
see
chapter
helicopter safety. In the life
saving appliances LSA code
we find information about
survival suits.

Picture 55: Helly Hansen
rebreather system





So constructed that, can be worn in conjunction with warm clothing
and a lifejacket.
It will not sustain damage or continue melting after being totally
enveloped in a fire for a period of 2 seconds.
It will cover the whole body with the exception of the face. Hands
shall also be covered unless permanently attached gloves are
provided.
It is provided with arrangements to minimize or reduce free air in the
legs of the suit. The immersion suit is to be worn with a lifejacket (if
not different requirements).
Immersion suit continues to provide sufficient thermal protection,
following one jump by the wearer into the water from a height of 4.5
meter.

To ensure that when it is worn for a period of 1h in calm circulating water at
a temperature of 5°C, the wearer’s body core temperature does not fall more
than 2°C.

A SURVIVAL SUIT IS FURTHER EQUIPPED WITH:

The immersion suit shall be
constructed with waterproof
materials such that:









Safety harness
Buddy line
Reflective material
Whistle
Safety light

It can be unpacked and donned without assistance within 2 min,
taking into account any additional clothing.
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New developments in immersion suits are survival suits for the offshore
industry with integrated re- breather system and additional buoyance
chamber, see picture. Alternative developments are immersion suits for the
Offshore with a combination between survival suit and lifejacket. With the
advantage that an unconscious person will turn over the side of the body.

LIFE BUOYS. There should be a certain number of life buoys on-board. A
lifeline should be fixed around the buoy to make it easier for the person in
distress to hold on to it. All approved buoys should be either white/red or
orange coloured, carry a reflecting band and the identification of the
installation/ship. Should the ship or installation be abandoned, life buoys may
prove valuable in helping to save persons who are in the water and unable to
reach a lifeboat or life raft. Therefore throw as many life buoys in the water
as possible when abandoning.

BUOY LIGHT/SMOKE SIGNAL. Some of the buoys carry a self-igniting
buoy-light that will burn for at least 2 hours. The buoys may also be equipped
with buoyant lines and/or smoke signals. The smoke signal gives orange
smoke for at least fifteen minutes. You can enter the lifebuoy by putting the
lifebuoy over your hat and lean with your arms on the lifebuoy. Try not to
move to reduce heat loss. When you throw the lifebuoy overboard make sure
that the victim can reach for the floating line.
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13 Fire prevention and fire fighting
13.1

Fire prevention

SPECIFIC DANGERS. On a platform there is a (large) concentration of
persons and equipment combined together in a small area. Industrial
installations, accommodations, electricity provisions, hotel facilities and a
helicopter deck all in close proximity. Specific risks are the nature of the work
and the presence of dangerous materials. The safety on a platform is under
pressure:







inflammable liquid (raw oil) under pressure (up to 200 bar) can be
released during an incident;
large quantities of dangerous liquids are stored on some platforms;
considerable quantities of dangerous materials are also used in many
processes;
the risk of leakage of gas or liquid is present because of the many
processes and installations;
work is carried out on the installations around the clock;
large quantities of gas under very high pressure.

When an incident occurs they are however on their own and reliant on their
own materials. A high level of safety is imperative... Training is therefore
indispensable.

CONSTRUCTION REQUIREMENTS. Safety guidelines have been set out to
ensure that the spread of fire remains limited during an incident. And further
that the safety of those present is guaranteed as much as possible, that they

can escape if necessary and that the fire can be fought. The necessary
provisions can be included when the platform is designed and built. The
guidelines are stated in the ISO and EN standards and in the MODU code for
drilling platforms and the IMO FSC (Fire Safety Code) code for ships.

A platform can be divided into a number of fire compartments. A production
platform and an accommodation platform can be ‘separated’ from each other
in this way. The intention of the compartmentalisation is to limit the spread
of fire as much as possible. Compartmentalisation is achieved by placing
partitions which are classified according.
1.
2.
3.
4.

Class A Fire resistant
Class B Fire retardant
Class C Non-flammable
Class H Resistant to 'hydrocarbons'

Partitions of different strengths can be placed depending on the degree of
compartmentalisation. In class A, B, and H the number after the letter shows
how long (in minutes) the partitions are fire-resistant or fire-retardant. After
the stated number of minutes the rise in temperature on the side not exposed
to fire is so high that the fire will spread by means of fire transport. The fire
will no longer be resisted / delayed by the partition.
H-12is used especially as a partition wall between production platform and
accommodation. This wall is resistant to the extreme heat of a liquid fire for
2 hours.
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Material with different characteristics will react to fire differently. During fires
material can be exposed to high temperatures, smoke gasses, possible
explosions and sudden cooling (with extinguishing). This can lead to:




Loss of capacity
Heat tension / expansion
Change of shape

A platform consists largely of steel which has the ability of absorbing and
conducting heat quickly.
In a short space of time a large of build-up of heat will be created when there
is a fire. Through this the chance of it spreading is greater than in a ‘normal’
house fire. Steel is extremely strong but will soften quickly at temperatures
above 300oC. At 500oC steel has lost half its strength and will collapse. The
time necessary to reach the point of collapse is called the collapse time. The
collapse time depends on the thickness of the steel and the intensity (energy)
of the fire. During a pressure fire (fire where the fuel under pressure is freed)
softening will occur quicker than during a slick fire / open fir. An indication of
the collapse time can be found in the table 2.
Structure
Construction Steel 60 mm
Construction steel 25 mm
Construction steel 12 mm
Construction steel 5 mm

Slick Fire
30 min
13 min
6 min
2,5 min

Open Fire
12 min
5 min
2,5 min
1 min

Table 2: Collapse time

The greatest enemy during an incident is the time factor because of the
enormous quantities of steel used in the construction of a platform. It is

important to assess the situation quickly so that the correct (cooling) actions
can be started.
Wood behaves completely different during a fire. Change of shape and loss
of capacity occur much slower causing the spread of the fire to also be much
slower. Wood burns at a speed of 4 cm per hour in a fire developed normally.

PREVENTION. The start or the spread of a fire on an offshore installation or
ship should be prevented in the earliest stage possible. That is why all the
personnel on installations or ships should know the emergency procedures
in the case of fire.
The fire procedure must be reported in the Contingency plan and must be
explained to the personnel. Written procedures are required on the
installation to provide the personnel with a guideline in the case of fire or an
explosion. It should also be mentioned here that no two fires are ever the
same. There are so many variable factors that it is not possible to put together
guidelines on how a fire should be extinguished. It is however possible to
provide general rules for each type of fire. The first thing required in fire
prevention is well-trained personnel in the fields of ‘blow out’ prevention,
preventive maintenance of material and the maintenance and use of
firefighting equipment.

TRAINING. Training and practice in fire safety is most important. Correct
training can prevent fire starting or spreading. When a fire starts it means
that something has gone wrong at a certain stage. Sometimes the fire can be
blamed on a fault or an omission in the design but it is usually related to
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human failure. Consider work, maintenance, messy work places, smoking in
bed, etc. Correct training can limit the development of fires.
The following parts should be practised or attended at least every 7 days:








Alarm procedures.
Communication.
Work procedures.
Instruction about the various types of fire.
Training with various sorts of extinguishing agents.
Special courses.
Use of fire equipment.

Also important:






Periodical medical training.
Reporting all dangerous situations.
To prevent emergency situations.
The return to a safe situation.
Learning moments. How and when can it happen?

Prevention also involves a good household policy and adequate execution of
work, for example attention to welding and other ‘hot’ work. Think when you
are doing something like smoking in bed or in other places, throwing away
matches or burning cigarettes.
Manpower is restricted on installations and that is why it is essential that
everyone is alert to the risk of fire and has knowledge of the necessary
preventive measures, extinguishing equipment and First Aid materials.

Specially trained teams of fire fighters are necessary to fight large fires.
Every person on board must familiarise himself with the extinguishing
equipment available and how to use it and its location. Report missing,
damaged or used extinguishing equipment to the Safety Officer. In this case
they must be replaced immediately. All extinguishing equipment and
breathing protection must be in good condition and ready for direct use.

13.2 Fire fighting and characteristics of extinguishing
materials
THE COMBUSTION PROCESS. Oxidation is a chemical process between a
reactive material and oxygen. During this process energy is generated in the
form of heat.
Fire is a fast oxidation process between an inflammable material and oxygen.
During this process spontaneous energy is generated, mostly in the form of
heat and light in the form of flames.
All materials occur in one or more forms (physical condition);




Solid matter
Liquids
Gas or vapour

All materials consist of molecules. Each molecule must be encircled by
oxygen molecules for good oxidation. Only the molecules of gas are not
joined and can move freely and lick with oxygen molecules can burn. When
an inflammable solid or liquid is heated molecules will be released.
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These molecules mixed with oxygen molecules can make an inflammable
mixture. They will ignite at a certain mix ratio and ignition temperature. If the
energy is released is sufficient to set up a chain reaction, it is called fire.
THE FIRE TRIANGLE. As shown already there appears to be three
requirements for combustion.




Fuel.
Oxygen.
Heat (energy).

The three conditions for fire are illustrated in a fire triangle.

LEAVING THE FIRE TO BURN OUT. The removal of fuel. example:




Burning oil flows out a leaking flange.
Turn the valve off.
The fire will go out from lack of fuel.

SMOTHERING THE FIRE. One side of the fire triangle indicates the oxygen
concentration. A concentration of 15 % is needed for a flaming fire. A
smouldering fire actually only needs 4% oxygen to remain ‘alive’. Stop the
oxygen supply.

Example:




Stop the supply of oxygen by adding foam to a burning liquid
Or suppress the oxygen by steam or CO2.
The fire will be smothered.

LOWER THE TEMPERATURE. By lowering the temperature the vaporisation
of an inflammable material will be decreased or stopped. Example:


FIRE FIGHTING. The fire triangle also illustrates two important factors in
preventing and extinguishing fire:



When one side of the fire triangle is missing there can be no fire.
When one side of the fire triangle is removed the fire will go out.

Cooling/ extinguishing with water.
The fire goes out because the chain reaction is stopped.

CHAIN REACTION. Part of the heat releases more gas and another part
raises the temperature of the gas to ignition
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Temperature. At the same time air is sucked into the area where the flames
and gas meet up. The result is a chain reaction.
The burning gas produces heat which releases and burns more gas. The
released gas burns, produces more heat causing more gas to be released.
And so on. After a while the gas is released at maximum tempo causing the
combustion process to work evenly. This goes on until most of the fuel has
been used. Then the burning process will fall apart.

CATALYST. Sometimes fuel, oxygen and energy are present in the correct
ration but there is no fire. There is then a catalyst needed to start off the
combustion reaction. A sugar cube will not burn, but can burn when it is
sprinkled with the ash of a cigarette. A catalyst is a material that “interferes”
in some way with the combustion reaction, without itself taking part.

THE FIRE PENTAGLE. The fire triangle is a simple form to illustrate the
conditions necessary to create fire. It does not however show which
components fire is made from or the chain reaction of a fire. The fire
pentangle is a better presentation of the combustion process.

The fire pentangle shows the chain reaction because each side is in contact
with the other sides of the three components. The fire pentangle illustrates
how a combustion process is fed and maintained by the chain reaction. To a
certain extent the side of the chain reaction ensures that the other three sides
remain together. This is an important point because modern extinguishing
agents attack the chain reaction and stop it. The fire pentangle consists of
the following elements:

ACTION OF EXTINGUISHING MATERIALS. An extinguishing material is a
medium that smothers the fire. Every extinguishing material works by
attacking one or more sides of the fire pentangle.
Specific techniques for this are:


Cooling off. This is a direct attack on the temperature side of the
fire pentangle.
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Smothering. This can be seen as an attack on the corner of the fire
pentangle where fuel and oxygen meet.
Decreasing the oxygen. This is a direct attack on the oxygen side.
Interrupting the chain reaction. This is an attack on side of the
chain reaction.

Progress of fire and risk of explosion. What happens during
combustion of material? Combustion is a chemical reaction in which the
fuel begins a connection with oxygen from the surrounding air. When an
inflammable liquid is heated by an energy source flammable gasses are
released. The inflammable gasses can react with oxygen if sufficient energy
is added.
Heat (energy) is released by this combustion reaction. If sufficient energy is
released the rest of the fuel is further heated so that the combustion
reaction is maintained. The type of fuel determines how much energy must
be added in the first instance to start up the combustion. Inflammable
gasses usually only have a small ignition source (spark) necessary to start
a reaction. Solid matter such as wood must first be heated for a time before
they stay burning.

A solid matter fire is slow to develop. We recognise a number of phases:




The smoulder stage
The flame stage
The glow stage

The smoulder stage is the first phase of combustion. When heated all the
inflammable gasses are released but not yet enough to get the combustion
really started. A cigarette in a waste paper bin can smoulder for 1 to 2
hours. Smouldering can put itself out (when lacking in oxygen, fuel or
energy) or move over to the flame stage.
The fire can support itself when the flame stage has started. The flame
stage is usually accompanied by a rapid rise in temperature within 5 to 15
minutes. All the fuel present is heated and many inflammable gasses start
to combust quickly. (Graph of fire development)
A temperature of about 900ºC is reached when the fire is completely
developed. All the inflammable matter burns. A glowing layer remains when
all the inflammable gasses from the fuel have been burnt: the glow stage
has started. Extinguishing will now take longer because the glowing parts of
the fuel are less accessible to the extinguishers.
Liquid and gas fires develop faster and reach a higher temperature than
fires of solid matter. These fires only have a flame stage.
Constant vaporisation takes place on the surface of liquids. The higher the
temperature, the more vaporisation. When there are sufficient vapours
above the surface and they are well mixed with oxygen from the air they
can be ignited. The flash point is the lowest temperature (at atmospheric
pressure) that the vapour given off by the liquid and mixed with the
surrounding air can be ignited by a flame or spark. The flash point is shown
in degrees Centigrade.
Inflammable gas or inflammable vapour could, in the correct proportions,
form an explosive mix. When too little inflammable vapour / gas is present
in a mix it is too ‘poor’ and is under the lower explosion limit. A mix with
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too much inflammable vapour / gas is above the upper explosion limit and
is too ‘rich’.
An explosive gas / air mixture can come about quickly when there is
leakage of gasses and liquids.

SPREAD OF FIRE. The fire can spread if there is sufficient inflammable
matter and oxygen available. A fire mostly spreads with the wind outdoors.
Heat and inflammable gasses are ‘transported’ along with the flames and
smoke. A fire can spread because inflammable matter in the direct vicinity
is heated up.
The transport of heat occurs by means of:




Conduction
Radiation
Convection

Conduction is heat transport via the matter. The heat is spread quickly by a
conducting matter such as metal.
Radiation is transport by means of energy waves. The enormous radiation
heat of a fire can often be felt at a distance. Heat transport takes place for
80% by radiation.

Convection is heat transport resulting from the conduction of gasses (air)
or liquid. Central heating in homes is based on this principle.

THE SPREAD OF FIRE. An enormous heat can develop when a fire
continues without control. The fire can spread in two ways:



Fire penetration
Fire transport

Fire penetration is the movement or spread of a fire through walls. This is
possible by burning the material, the through pipes or the cable work.
Fire transport is the movement or spread of fire between two objects not
connected. This could be by heat radiation or the flow of heated
combustion gasses.
DIVISION OF CLASSES OF FIRE. Fuels react in their own way to fire and
should therefore be extinguished in different ways. Fuels are divided into a
number of classes with specific characteristics during fires so that the fire
fighter knows which extinguishing agent should be used. We recognise:



Class A Solid Materials
Class B Liquids
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Class C Gas
Class D (light) Metals
Class F Oil and Fat

Class A. Solid matter fires (e.g. wood, rubber,
paper). Solid matter must first change into a gas
before it can burn. This process is known as
pyrolysis which is generally defined as a chemical
decomposition through the influence of heat.
When the gas has mixed with enough with air and
is heated to a high enough temperature
combustion begins.
Class B fires are liquid fires (e.g. gas oil, oil and
paint). Inflammable gasses are released by the
liquid vaporising. Highly inflammable liquids
vaporise at room temperature and could then
combust, think of turpentine and benzene. One
spark (energy) can be sufficient to set fire to these
liquids. Heavier liquids such as oil and fats must
first be heated to above the flash point before an
inflammable mixture can be formed.
Class C is formed by gas fires such as propane
and natural gas. No heating is necessary because
the fuel is present as inflammable gas. Some
gasses are lighter, others heavier than air. An
inflammable/ explosive mixture can be formed
quickly through mixing with air when there is a gas
leak.

Class D concerns fires of (light) metals,
magnesium and aluminium for example. Metals
burn from the formation of glow, at extremely high
temperatures (approx. 2500 C). These fires can
often not be extinguished in the normal way.
Extinguishing is only possible by complete and
long-lasting smothering or with the help of special
extinguishing agents.
Class F indicates that the extinguishing agent is
suitable for extinguishing very hot oils and fats,
the quantity being more 5 litres, large deep-fryers
for example.

Table 3: Fire classification

ELECTRICAL FIRES. Fires involving electricity deserve special attention.
Extinguishing is possible but depends on tension and voltage. The label on
the extinguisher shows whether it is suitable for extinguishing live parts. An
expert must always be warned in the case of high voltage. The current must
always be switched off. If there is no residual current left, extinguishing can
start in the normal way.
CHARACTERISTICS OF EXTINGUISHING MATERIALS

WATER can be found (almost) everywhere in large quantities and is a good
and cheap extinguishing material. The greatest extinguishing effect of water
is cooling off. Water absorbs much heat from the vicinity. 1 litre of water can
produce 1700 litres of steam. The steam has a smothering effect in a closed
room.
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EXTINGUISHING CHARACTERISTICS. When water is added to a wood fire
(or a similar fuel) the effect, in principle, is the cooling of the fuel still to be
burnt which stopping the vaporisation and then the extinguishing of the
flames which feed on the vapour. This happens almost in the same way
with certain oils, such as heavy fuel oil, lubricating oil or asphalt. They will
not vaporise to any great degree under normal pressure and at normal
temperatures until they are heated to a higher temperature.

These products produce sufficient vapours to be able to burn at ‘normal’
temperatures and pressure. The water which reaches the surface will not
boil. It will probably sink without being heated too much; which eliminates
the cooling properties. The actual cooling effect only occurs in the flames
where small droplets of water will vaporise and lessen the heat.
Generally speaking, water is not suitable as an extinguishing agent for
gasses or volatile oil.

This indicates a high flash point. When a fire in these materials with a high
flash point (>65ºC) has started, the supply of vapour is kept going because
the flames continue to heat the surface causing the vaporisation to
continue. The fire will continue until all the fuel is finished if no
precautionary measures are taken.
However, when water in the form of a fine spray is spread over the surface
it will cool down, the vaporisation will stop and the fire will go out. So up
until now, water is a good extinguishing agent for certain types of oils and
extinguishing is handled in nearly the same way as for a wood fire or other
ordinary fuels.
Cooling is a way of closing off the gasses that feed a fire of non-volatile or
‘heavy’ oils. Use water in the form of a spray or fine mist; never use a fixed
jet on the surface of oil. Water jets are only effective at distance, because
the water will spread itself into droplets over the distance. Water jets are
also effective for cooling off steel tanks, pipes, constructions, etc.,
especially when they are high up.

COOLING. Water is used to cool and to keep cool. To protect buildings,
constructions, tanks, etc. against heat or the influence of flames. Water,
added in the correct fashion, (in the form of a mist or spray and in
sufficient quantities, generally estimated at 10 l. per m2) cab absorb heat
and prevent damage. (Jet range 20 l. per m2) Water cools the best when it
changes into steam.

However other rules are valid when inflammable liquids are involved which
are volatile. (Liquids with a flash point < 65ºC.)

Parts of the installation that are not visible through the smoke or flames are
often forgotten but do also need protection. The available water should be
used to cool the most critical parts. These could include parts of the
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installation that will come into contact with the flames and parts that will be
radiated.
NOTE:



Non-insulated smoke gathers in a ‘cloud’. The ‘cloud’ could topple
over when only one side is cooled.
Hot pumps, compressors. Cracking can be formed by the shock
effect of cold water on only one side.

THE USE OF WATER. Water can be used in two ways for an oil fire: Mist or
spray jets and fixed jets. Each has advantages and disadvantages and its
own area of application. In general; a fixed jet has the greatest reach and
power, the wide jet (spray jet) has a short reach and offers the most
protection to the fire fighter. A combination between fixed jet and spray jet,
an in- between position, is in most cases preferred.

It could be directed to an area where it could burn without causing as much
damage. This can be achieved by the combined effect of flotation power
and the force of water jets.

FOAM. Foam is also a frequently occurring extinguishing agent. Foam
consists of 3 elements:




water
foam forming agent (SVM)
air

The intention is to get the water in the correct form to the correct place so
that the maximum effect of cooling and extinguishing is achieved.

ANOTHER WAY OF USING WATER. Most of what has already been
explained is about the cooling effect of water. However water can also be
used as a propulsion force.
The position of the oil fire is very important. Oil floats on water and
overflow from a burning area can cause the burning oil to float to another
area which could cause even more damage.

A certain percentage of a foam forming agent is added to water with an
inline conductor. Air is sucked into and mixed with the foam forming agent
(premix) at the foam jet pipe. Extinguishing foam is formed.
Foam is usually the best extinguishing agent for liquid fires (slick fires).
Foam has several characteristics which allow it to be used as an effective
extinguishing agent:
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Foam prevents heating by radiation, because the flames can be separated
from the liquid.
Foam represses the formation of vapour because a filmy layer and/or layer
of foam is formed. The foam lies like a blanket on the liquid, so that gas
cannot form just above the liquid.
Foam cools. The foam mixture consists of 94 - 99 % water. This cools the
upper layer of the liquid. The chance of re-ignition is very small after proper
extinguishing with foam.
A disadvantage of foam is that it is broken down very quickly, depending on
conditions such as heat, wind and rain, so that foam must be added
constantly for a long time. The liquid can start to burn again spontaneously
if the layer of foam breaks down.
Several ‘foam blankets’ can be created depending on the quantity of added
air. The foaming capacity number is a measurement of the quantity of
added air per litre of foam mixture.
3 classes are recognised: Light foam is used especially for fires in large
enclosed areas. Heavy and medium foam are mostly used for extinguishing
liquid fires. The biggest difference between the foams is the jet range.
Foam can be used for many products depending on the type of foam
forming agent. One of the most well-known types of foam is AFFF (Aqueous
Film Forming Foam). The addition of AFFF provides a layer of film between
the liquid and the air. Most foam types are also suitable for glow fires in
solid matter. By adding foam forming agents the surface tension of the
extinguishing water is decreased and the water is forced through better, for
example, in cotton and paper.

Modern foam concentrates work as they should with hard or soft, fresh or
salt water. The mixing concentration of the foam foaming agent and water
can differ from approx. 1% to 6%. This depends on the supplier and the
nature of the inflammable liquid. So always follow the supplier’s instructions
and those on the equipment producing the foam.

CARBON DIOXIDE GAS (CO2). The extinguishing agent CO2 is a nonflammable and non-toxic gas that represses oxygen. CO2 is always stored at
a pressure of approx. 65 bar. 1 kg CO2 expands to 500 litres of gas during
extinguishing.
Because of the great cooling that occurs, carbon dioxide snow at a
temperature of - 80oC is released as well as CO2 gas. The carbon dioxide
snow vaporises quickly into CO2. Carbon dioxide is suitable for various fires
in the flame stage. The chance of re-ignition is large because it does not
cool, with powder as well.
CO2 has the clear advantage of not being electrically conductive and causes
almost no additional damage. Therefore it is very suitable for fires in
electrical and sensitive equipment. A disadvantage is that not only the fire
will be smothered but also persons.
This will only cause problems when used in large quantities in small areas.
When used in the outside air the carbon dioxide will blow away quickly, the
extinguishing effect is then small.
Carbon dioxide is not suitable for metal fires. Because during metal fires
there is a violent reaction between the metal and the CO2 which would make
the fire even worse. CO2 is used in fixed installations or in portable
extinguishers.
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POWDER. The extinguishing effect of powder is realised by the
interruption of the reaction between fuel and oxygen. That is why the flameinterruptive action of the powder is spoken about. Furthermore, ABC
powders that form a crust over the fuel have a cooling effect. Powder has a
long-life, is non- toxic in low concentrations and does not conduct
electricity. Powder is namely suitable for liquid and gas fires.
Extinguishing powders consists mainly of salts. Extinguishing powders can
be used for various types of fuel depending on the composition. The most
important components are:



Natrium/potassium bicarbonate, for class B and C;
Mono-ammonium phosphate, for class A, B and C;

A and D powders form a (melted) layer on the burning matter and disrupt
further combustion.
B and C powders work as negative catalysts and break the flames down.
In enclosed spaces and especially when sensitive equipment is set out, the
powder will cause must additional damage because the fine powder gets
everywhere and is corrosive. The damage caused by the powder can
sometimes be more than the fire damage. It is then better to use another
extinguishing agent.

Table 4: Fire classification and extinguishing product

13.3

Fire fighting plan

These plans show a map of the installation or the ship in relation to the fire
safety rules and fire fighting equipment. Moreover they include important
information about fire fighting on board.
INFORMATION ON THE FIRE FIGHTING PLAN:




Position of the water-tight doors.
Exits.
Emergency exits.
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Emergency stop knobs for the ventilation. (machine room,
accommodation, pump rooms, etc.)
Fire extinguishing pumps.
Fire hose connections.
Type and position of the fire extinguishing agents.
Position of the international dock connection.
Position of the alarm equipment.
Position for operating the fixed
Extinguishing installations.
Position of personal fire equipment.
Assembly places

This information is generally given by
symbols on pictograms. The meaning of the
symbols is explained in the key. Everyone on
board should get to know the plan and should orient themselves as soon as
they come aboard. So that they become familiar with the escape routes,
locations of the extinguishing agents, etc. because quick and efficient work
is essential in the case of emergency.

WATERTIGHT DOORS AND EXITS. All the doors must be shut in case of fire
or a fire drill. This is extremely important because combustion always needs
oxygen which could flow through open doors.




Nearby the ventilator.
As indicated on the fire fighting plan.

FIRE EXTINGUISHING PUMPS AND EMERGENCY PUMPS. Fire extinguishing
pumps are usually to be found in the main machine room. The number and
capacity of pumps must comply with the prescribed requirements. The
emergency pumps must be situated far away from the normal fire
extinguishing pumps.

FIRE HOSES. The number, the size and the length of the hoses is prescribed
in the regulations. Fire hoses on an open deck must have a diameter of at
least 55 mm and are the so-called ‘two thumbers’. Narrower fire hoses are
permitted in the accommodation.

FIRE HOSE CABINETS. These are equipped
with:




A fire tap.
A hose and a jet pipe.
A hose connection.

These cabinets must be positioned so that all
parts of the ship or installation can be reached
with at least two jets of water.

TURNING OFF THE VENTILATION. The ventilation must also be switched off
for the same reason. The shutters must also be closed after the ventilation is
turned off. The ventilators must be turned off:
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JET PIPES. The jet pipes are usually adjustable. They must be able to alter a
fixed jet of water into a spray mist when adjusted. The spray can be adapted
into a fine mist.


3.

Where:



DETECTION. One of the most important standards for fire safety is the
detection a fire or a risk of fire situation as soon as possible. this offers the
opportunity of taking fast action to prevent the fire or to extinguish it in an
early stage.

To restrict damage.

4.

All areas where persons work.
Unmanned areas.
Alarms:





Which type for what purpose.
Not general.
What actions to take.

Detection consists of testing the air composition in the area where an
inflammable material is (a gas leak for example) and tracing a fire. An alarm
system should warn in both cases. In the first case whether there is an
explosive mixture present for which the emergency valves should be
activated and the ventilation switched off. And in the second case that fire or
combustion products are detected.

THERE ARE VARIOUS ALARM SYSTEMS IN USE. The sort of fire alarm and
fire detection system Chosen depends on the Control rooms and power
provisions. The fire extinguishing control system.

FIRE ALARM AND FIRE DETECTION

ALARMS

1.

Depends on:




2.

The construction of the installation.
Possible source of the fire.
Number of persons in an area.







Alarm announced over the public address system.
General gas alarm (low and high gas alarm).
General fire alarm.
Emergency Shut Down ESD.
Abandon platform alarm

Why:




To be able to localise the fire quickly
To fight a fire.
To evacuate persons.

CONTROL ROOM. From the control room the alarms and firefighting systems
can be activated. Nowadays the platforms are equipped with sprinkler
systems in the accommodation. In the process area’s and well heads we find
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deluge systems. The purpose of those deluge systems are to prevent
explosions and during a fire to prevent material damage.

13.4

Fire breathing protection

The unrestricted inhalation of air (of the correct composition) is vitally
important. The breathing organs consist of the airways and lungs and
alveolus. The airways are for transporting air to and from the alveolus. The
lungs are surrounded by the diaphragm (a flat sheet of muscle) underneath
the ribs. Ribs and diaphragm have a function in breathing.

than inhaled air. Carbon dioxide gas is formed in the body by (slowly)
burning certain proteins. Oxygen is used during burning which is extracted
from the blood. The body takes its energy from the burning. The
composition of air during inhalation and exhalation.
DANGEROUS SUBSTANCES IN THE SURROUNDING AIR DURING
COMBUSTION. During a fire dangerous substances such as dust particles,
vapour and gasses appear. Dust particles interfere with the lung function.
(They damage the alveolus).
Vapours and gasses can be dangerous because:




They can drive away the air. (lack of oxygen)
They can damage the alveolus and the blood. (interfere with the
gas exchange in the lungs)
They can damage the nervous system. (paralysing the breathing
muscles

GASSES AND VAPOURS WHICH COULD HAVE A DAMAGING EFFECT. With
a smothering effect:






Carbon dioxide. (CO2)
Methane.
Butane.
Propane.
Nitrogen

THE CARBON DIOXIDE CONTENT (CO2). A group of nerve cells in the brain
(the breathing centre) controls breathing. These cells react to the CO2
content in the blood. The exhaled air contains more CO2 and less oxygen
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With a damaging effect to the nervous system and the blood:



Carbon monoxide. (CO)
Hydrogen sulphide.
 Benzene.
 Hydrogen cyanide.
 Toluene.
Substances with a corrosive effect:
 Smoke
 Ammonia
 Sulphur dioxide
 Bromine and Chlorine
 Hydrogen chloride

LACK OF OXYGEN. Our breathing rate at rest is 15 – 20 times a minute. The
volume of the inhaled air can be divided into three amounts.
1.
2.
3.

Amount for normal use. (At rest ± 0.5 l.)
Extra inhalation volume. (± 3 l.)
Residual volume after exhalation (dependant on age, condition,
smoker, etc.)

BREATHING PROTECTION. The following breathing protection equipment is
in use:



Dust masks.
Filter tube masks. (escape mask)




Overpressure masks. (constant supply of air)
Breathing masks.

Our lungs can breathe at an atmospheric pressure of +/- 1 bar. Any
increase or decrease of the pressure can have a disadvantageous effect on
the breathing function. The pressure is decreased by the constant pressure
regulator when an overpressure mask is worn, so as on the drilling floor.
BREATHING MASK (ESCAPE SET) (INDEPENDENT BREATHING
PROTECTION). Inhaling compressed air is dangerous. The risk of
decompression sickness exists with a limited over- pressure. The risk of
inflation and then tearing of the alveolus exists with a higher over-pressure.
That is why a reducing valve and respirator decrease the pressure of the air
to a few millibars when breathing air is used. The pressure is automatically
reduced in escape sets with independent breathing protection after
activation or opening the air cylinder. The air supply is limited to a
maximum 10 or 15 minutes. Follow the supplier’s instructions when using.

ESCAPE MASK. It offers protection from smoke and dangerous gasses. Even
though the mask contains a filter the amount of oxygen in the air must be
above 17%. Another risk is the lack of an indicator on the mask that shows
how long it offers protection for. Depending on the amount of gas and/or
smoke the filter will become saturated with toxic vapours at some time and
will offer no more protection. Follow the supplier’s instructions when using.
In the Offshore it is common use that in every cabin in the accommodation
an escape set is present. The escape set consist out of the following
equipment:
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Escape mask
Fire retardant gloves
Lamp or light stick

Therefore, the escape mask is only suitable for a quick escape attempt, for
example to a lifeboat. If you use an escape mask through smoke you need
to consider the following:





If possible, walk alongside the walls.
Walk backwards.
Feel for the treads.

Opening doors.



Stay low on the ground.
Take cover behind the door or wall.

Escape without an escape mask:






Move into the wind
At a fast pace
Use a safe route
Stay low
Follow instructions

Escape wearing an escape mask through smoke:
Walk:




Feel for the ground with your foot before putting your weight down.
(prevents falling and collisions)
Keep in contact with the walls. (recognise the route)
Hold one hand at eye level. (head protection)

Pictures 56 and 57: H2S Escape and Rescue Breathing Apparatus on Rig Floor (left)
and smoke hood (right)

Climbing stairs:



If possible walk alongside the walls.
Feel for the treads.

Going downstairs:
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14 H2S awareness
14.1

H2S properties

Hydrogen Sulphide is a highly toxic gas which interferes with cellular
respiration, just like Carbon Monoxide and Hydrogen Cyanide. Consequently,
Hydrogen Sulphide is recognised as an extremely dangerous gas. It is
produced by the breakdown of organic matter which has been in the absence
of oxygen
It is heavier than air (1.39). Consequently, it will accumulate in low lying
areas such as voids, pits, trenches, drains, cellars etc. In these locations, it
is difficult for it to dissipate. It is also toxic, corrosive and flammable.

H2S is a potent chemical asphyxiator. When it combines with haemoglobin
in red blood cells and with intracellular cytochromes, it rapidly stops oxygen
from gaining access to cellular metabolism (just like gases such as carbon
monoxide and hydrogen cyanide).
Indeed, H2S is arguably as toxic as Hydrogen Cyanide. It has a very foul
smell but very quickly paralyses the sense of smell. It can go on to overcome
the victim and eventually cause death. Consequently, smell alone cannot be
relied upon to provide warnings of this treacherous gas.
Very low concentrations of Hydrogen Sulphide are enough to kill. A Time
Weighted Average (TWA) of 8 hours at 5ppm, or 15 minutes at 10ppm
indicates just how dangerous this gas is.
Note that the Time Weighted Averages (TWAs) quoted are those applied by
the UK Health and Safety Executive. Limits may be different elsewhere.

Picture 58: © www.hnhu.org

The following effects of exposure to Hydrogen Sulphide are to be expected:





0.0047 ppm is the recognition threshold, the concentration at which
50% of humans can detect the characteristic odor of hydrogen
sulfide, normally described as resembling "a rotten egg".
10 - 20 ppm is the borderline concentration for eye irritation.
50 - 100 ppm leads to eye damage.
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At 100 - 150 ppm the olfactory nerve is paralysed after a few
inhalations, and the sense of smell disappears, often together with
awareness of danger.
320 - 530 ppm leads to pulmonary oedema with the possibility of
death.
530 - 1000 ppm causes strong stimulation of the central nervous
system and rapid breathing, leading to inability to breathe.
800 ppm is the lethal concentration for 50% of humans for 5
minutes exposure
Concentrations over 1000 ppm cause immediate collapse with
inability to breathe, even after inhalation of a single breath and
usually results in death.
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15 Health, safety and environmental management
15.1

Learning from incidents

The purpose of accident investigation is to learn why the accident occurred
and to find ways of preventing it happening again.
The imposition of a blame culture should be avoided at all costs. If blame is
seen as the driver for the investigation it may be difficult to get workers to
give their full co-operation.
There are hazards in all workplaces. Risk control measures are put in place
to reduce the risks to an acceptable level to prevent accidents and cases of
ill health.

Financial Reasons for Investigating


Information and insights gained from an investigation






Legal Reasons for Investigating







To ensure that the organisation is operating within the law.
There is likely to be a legal requirement for employers to plan,
organise, control, monitor and review their health and safety
arrangements. Health and safety investigations form an essential
part of this process.
Employers are expected to make full disclosure of the
circumstances of an accident to the injured parties considering
legal action.
Thoroughly investigating an accident and taking remedial action to
prevent further accidents will demonstrate to a court that the
company has a positive attitude to health and safety.

The investigation’s findings will also provide essential information
for the insurance company in the event of a claim.

An understanding of how and why things went wrong.
An understanding of the ways people can be exposed to
substances or conditions that may affect their health.
A true snapshot of what really happens and how work is really done
(workers may find short cuts to make their work easier or quicker
and may ignore rules. There is a need to be aware of this).
Identifying weaknesses in the risk control management. This will
enable the company to improve its management of risk in the
future and to learn lessons which can then be applied to other parts
of the organisation.

Benefits arising from an investigation







The prevention of further similar events. If there is a serious
accident, the regulatory authorities will take a firm line if the
company has ignored previous warnings.
The prevention of business losses due to disruption, stoppage, lost
orders and the costs of criminal and civil legal actions.
An improvement in employee morale and attitude towards health
and safety. Employees will be more cooperative in implementing
new safety precautions if they were involved in the decision and
they can see that problems are dealt with.
The development of managerial skills which can be readily applied
to other areas of the organisation.
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An outcome is the effect of an unplanned, uncontrolled event and can range
from mere damage to property to injury or even death.
An outcome can result in one of the following:







Injury
o

Minor injury

o

Significant injury

o

Major injury

Ill-health
Dangerous Occurrence
Near miss
Damage only

A significant injury is one which is not ‘major’ but which results in the injured
person being away from work or being unable to do their full range of normal
duties.
Major Injury. By their very nature, major injuries are those which can be
regarded as serious to a person’s health and well being. Examples of injuries
regarded as serious are as follows:







Let’s look at what each of these outcomes means.
Outcome – Injury: physical damage or harm which is suffered by, or done to,
a person or thing.
Non-reportable injuries are classed as:


Minor injury






Reportable injuries are as follows:



Significant injury
Major injury

The consequences of the reportable injury define which category they fall
within as follows:



fracture, other than to fingers, thumbs and toes
amputation
dislocation of the shoulder, hip, knee or spine
loss of sight (temporary or permanent)
chemical or hot metal burn to the eye or any penetrating injury to
the eye
injury resulting from an electric shock or electrical burn leading to
unconsciousness, or requiring resuscitation or admittance to
hospital for more than 24 hours
any other injury leading to hypothermia, heat-induced illness or
unconsciousness, or requiring resuscitation or requiring admittance
to hospital for more than 24 hours
unconsciousness caused by asphyxia or exposure to a harmful
substance or biological agent
acute illness requiring medical treatment, or loss of consciousness
arising from absorption of any substance by inhalation, ingestion or
through the skin
acute illness requiring medical treatment where there is reason to
believe that this resulted from exposure to a biological agent or its
toxins or infected material
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Outcome - Ill-health. Sometimes, outcomes occur when there is no single
incident to which it relates, and ill-health falls into this category.
For example, a process or work operation may result in ill-health being
caused to the operator. No single incident has caused the ill-health, but the
consequence may be just as serious and needs to be addressed.
Consequently, it should still be given the same status as an accident/incident
with regards to investigation in order to determine and resolve the causes.
This category relates to ill-health which has been caused to individuals by
their work. There are many different types of occupational ill-health and
includes both physical and psychological illness. For example:









Musculoskeletal disorders
Cancers
Asthma
Dermatitis and other skin disorders
Deafness and hearing loss
Vibration white finger
Occupationally related stress
Asbestos-related disease

A dangerous occurrence is something that happens which has not resulted
in an injury, but which clearly could have done so. Examples of dangerous
occurrences are:





collapse, overturning or failure of load-bearing parts of lifts and
lifting equipment
explosion, collapse or bursting of any closed vessel or associated
pipework
failure of any freight container in any of its load-bearing parts
plant or equipment coming into contact with power lines











electrical short circuit or overload causing fire or explosion
failure of industrial radiography or irradiation equipment to deenergise or return to its safe position after the intended exposure
period
malfunction of breathing apparatus whilst in use or during testing
immediately before use
failure or endangering of diving equipment, the trapping of a diver,
an explosion near a diver, or an uncontrolled ascent
collapse or partial collapse of a scaffold over five metres high, or
erected near water where there could be a risk of drowning after a
fall
unintended collision of a train with any vehicle
a road tanker carrying a dangerous substance overturns, suffers
serious damage, catches fire or the
substance is released

A near miss is any unplanned incident,
accident or emergency which did not result in
an injury. An example would be materials
falling from scaffolding and almost hitting a
worker underneath. A near miss must be
reported to determine the cause in order for
changes to be made to prevent it happening again.
Damage Only. This is where an incident results in damage only with damage
being defined as ‘damage to property, equipment, the environment or
production losses’.
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Frank Bird Theory. In the late 1960’s Frank Bird, a Director of Engineering
with a large American insurance company, led on a study of 1,750,00
accidents and incidents across 21 industries.
The main aim of this study was to see if there was any relationship between
different levels of accidents and incidents.
What his findings showed was that the more incidents (near misses) that
occurred, the greater the likelihood of an accident occurring.

Put into words, it means that for every 600 incidents, there is likely to be 30
incidents of property damage; 10 minor injuries; and 1 serious injury.
In the UK, the authorities compiled their own version of the triangle using
their own statistics. It demonstrates the relationship between types of
reported accidents. It shows that for every 400 accidents which are
categorised as ‘over 3-days’, there are likely to be 60 major accidents and 1
fatality.

In other words, we cannot afford to ignore incidents just because there has
been no injury, damage or loss.
What it does indicate is that the likelihood of an accident happening grows
with the number of incidents.
Let’s take a look at the way Frank Bird showed this result. It’s known as ‘The
Frank Bird Triangle’.

Accident Sequence
In the 1930’s a safety engineer called H. W. Heinrich developed a theory
regarding how a sequence of events can result in an accident. He likened it
to a set of dominoes stood on end and if one of them is knocked over, it
causes the others to fall as well.
However, if any one domino is removed and one is knocked over, its impact
on the others may be nothing, or at worst, limited.
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2.

Basic Causes

The second element of the Bird & Loftus sequence then identified four basic
causes of accidents:

Accident Sequence - Bird & Loftus
In the 1980’s two scholars, called Bird & Loftus, took this domino theory
further and looked at how management (or lack of management) could
influence the cause and effect of accidents. The five elements they identified
were as follows:
1.

Lack of management control

The first element of the Bird & Loftus sequence, lack of management control,
can be further split into three categories.






What management allows: This is when management allows unsafe
practices to occur. For example, where staff are not encouraged to
use good manual handling practices.
What management encourages: This is where management actively
encourages unsafe acts. For example, if production targets are
rewarded with bonuses or other incentives, then workers are likely
to take shortcuts in order to meet or exceed those targets.
What management is passive about: This is where management
turns a blind eye to unsafe working practices. For example, allowing
untrained staff to use machinery.






3.

Job factors: Examples of job factors which can have an effect on
accidents being caused are as follows: Illogical design of equipment
and instruments, constant disturbances and interruptions, missing
or unclear instructions, poorly maintained equipment, high
workload…
Individual factors: Low skill and competence levels, tired staff, bored
or disheartened staff, individual medical problems…
Organisation and management factors: poor work planning, lack of
safety systems and barriers, inadequate responses to previous
incidents, management based on one-way communications, …
Plant and equipment factors: how clear or unclear, and how simple
or complicated to read and understand the controls are, if the
equipment is designed or not designed to detect or prevent errors
(e.g. different-sized connectors are used for oxygen and acetylene
bottles to prevent errors in connecting the hoses), if the workplace
layout is user-friendly or not.
Immediate Causes

The third element of the Bird & Loftus sequence then identified immediate
causes of accidents and split this into two areas - unsafe acts and unsafe
conditions.
Unsafe acts These include such things as working without guards or personal
protective equipment (PPE), starting machinery without warning, etc. These
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may be accidental acts but we should not forget the possibility that deliberate
acts, such as sabotage and terrorism, may also be a contributory factor.
Unsafe conditions refer to environmental conditions such as noise, fumes,
space to carry out tasks, etc. However, it also embraces situations where
operations are not conducted in accordance with defined procedures or
where, in certain situations, those procedures are themselves unsafe.

The consequence of the accident to a person may be minor (a bruise), major
(a cut needing stitching or a fracture) or serious (possibly life threatening) or
catastrophic (invalidity or death). Definitions will vary from company to
company.

Dealing with an Accident. The first consideration following an accident
must be to make sure that the victim receives appropriate medical attention
and also that the environment is made safe and secure.

4.

The Accident / Incident

The fourth element of the Bird & Loftus sequence is the event itself which,
as we touched on before, could be:





a personal injury
a dangerous occurrence
a near miss
damage only

How they are dealt with will depend on which of these was the event.

5.

Losses

The fifth element of the Bird & Loftus sequence is the losses incurred.
When looking at categorising losses, we can look at the consequences on
the person involved; or the financial implication of the incident / accident; or
the consequences of damage to the infrastructure.

Once this has been done the investigation can proceed, and for it to be
worthwhile it is essential that the management and the workforce are fully
involved. Depending on the level of the investigation, this could involve
health and safety professionals, health and safety representatives,
supervisors, managers, directors or even regulatory bodies.
It is essential that all facts are documented from the outset and having a first
response accident/incident report form will help fulfil this requirement.
It will also act as a checklist for the actions that are required immediately
after an accident, such as reporting to the appropriate authorities, entry in
the accident book, informing insurance companies etc.
It has been found that where there is full co-operation and consultation with
union representatives and employees, the number of accidents is half that of
workplaces where there is no such employee involvement.
This joint approach will ensure that a wide range of practical knowledge and
experience will be brought to bear and employees and their representatives
will feel empowered and supportive of any remedial measures that are
necessary. A joint approach also reinforces the message that the
investigation is for the benefit of everyone.
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Training for the Investigating Team. There are many different personnel
who might be involved in an accident investigation and this may differ
between onshore operations and offshore operations.
Offshore, an investigation team might be made up of the OIM (offshore
Installation Manager), the field or platform safety officer, safety
representatives, area authorities (in charge of the area where the
accident/incident took place), senior management from onshore and also
specialist 3rd party inspectors. All of these people will have been trained in
accident investigation.
In order that the investigation is carried out effectively the team of
investigators should be
adequately trained and
given
information
about:







their roles and
responsibilities
how to identify
which events
need to be
reported
how
to
complete
documentation
accident book regulations and requirements and how to use it as a
source of historical information




documents and forms relevant to the investigation – internal and
external
the importance of reporting accidents/incidents/near misses for
legal, investigative and monitoring reasons
the dissemination of information and to whom

The Accident Investigation
There is a generally accepted four stage process to investigating
accidents/incidents which follows the format outlined here:

1. Step 1 – Gathering the Information
The scene of the accident should preferably be left undisturbed until all
measurements, photographs, and sketches have been taken. If enforcing
officers, police, etc. are to be involved, the scene must be left undisturbed
unless permission is otherwise obtained.
In some cases, especially in the offshore environment, this may not be
possible if the scene of the accident presents a risk to others. In these cases
it may be necessary to make the area safe but, as a minimum, photographs
should be taken prior to disturbing the site.
The process of gathering the information should ensure that it:




explores all reasonable lines of enquiry
is timely – should be done as soon as possible after the event
is structured, setting out clearly what is known, what is not known
and records the investigative process
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This is the stage to collect information about:




where it happened
when it happened
who was involved

Relevant information includes opinions, experiences, observations, sketches,
measurements, photographs, check sheets, permits-to-work and details of
the environmental conditions at the time, etc. as well as events which led up
to the accident.

Good observation relies on a number of additional techniques. The observer
should:






1.1 Observational Techniques
As observation is a key part of undertaking an inspection to assess health
and safety performance, managers and supervisors must be appropriately
trained in observational techniques. These observations will identify unsafe
practices and provide alternative good practices. Follow up of corrective
actions will ensure health and safety performance is at a good standard and
will prevent recurrence of poor practice.
Good observation skills must be learned to ensure they are effective. Basic
skills include:







having an underlying knowledge of the workplace
undertaking regular practice in observation
being open minded
having an awareness of familiarity or habitual behaviour
performing a deeper observation by avoiding superficial practices
keeping systematic records of observations

Each of these skills can help to ensure observations are done effectively.












be patient and take time to observe the whole scene
be alert and identify those who may want to, or have, corrected
unsafe practices prior to or on your arrival
be involved in actions that are being done by employees
be diligent by using the ABBI technique: look Above, Below, Behind,
Inside
be inquisitive and question employees to determine risks - they are
a valuable source
be sensitive and use all your senses: smell, sight, touch, hearing
be open-minded and look for solutions, not just problems
be positive and identify, record and feedback good performance as
well as bad

1.2 Interview Techniques Should Include:
conducting them in familiar surroundings so as not to make people
feel uncomfortable or intimidated
interviewing styles which emphasise the prevention of future
incidents rather than attributing blame for the current one
promoting a positive attitude towards the prevention of accidents
rather than apportioning blame as this should encourage more
cooperation with the investigation
interviewing witnesses separately and in private to prevent people
from influencing each other’s statements
asking questions which are not intimidating as the investigator could
be regarded as being aggressive and reflecting a blame culture
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allowing the witnesses to describe their accounts of the situation in
their own terms rather than in those of the interviewer
summarising the interviews to make sure that the interviewer has
fully understood what the witnesses have said and not
misinterpreted the information given
showing appreciation to the witnesses for the information they have
given

1.3 Relevant Records and sources of information
The amount of time and effort given to gathering information should be
proportionate to the level of the investigation but should consider including:
















Victim statements
Witness statements
Plans and diagrams
CCTV coverage
Process drawings, sketches, measurements, photographs
Check sheets, permits-to-work records, method statements
Details of the environmental conditions at the time, etc.
Written instructions, procedures and risk assessments which should
have been in operation and followed
Previous accident records
Information from health and safety meetings
Technical information / guidance / toolbox talk sheets
Manufacturers’ instructions
Risk assessments
Training records
Logs




Instrument readouts and records
Opinions, experiences, observations

1.4 Checklists
A checklist of what information should be gathered will help in an
investigation by focussing on how the job, the work, the environment and the
organisation as well as individuals contributed to the adverse event.
Questions to be asked and information gathered would include:













details of injured personnel
details of injury, damage or loss
what was the worst that could have happened?
could it happen again?
what happened – where – when?
what was the immediate cause(s)?
what were the underlying and root cause(s)?
were there standards in place for the premises, plant, substances,
procedures involved and were they adequate and were they
followed?
were the staff competent, trained and instructed?
had it happened before – if so why did it happen again?
would an inspection have picked up the problem earlier?

2. Step 2 – Analysing the Information
Analysing the facts is the next stage in the investigative process. This part
of the process should:
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be objective and unbiased
identify the sequence of events and conditions that led up to the
adverse event
identify the immediate causes
identify underlying causes, i.e. actions in the past that have allowed
or caused undetected unsafe conditions/practices
identify root causes, i.e. organisational and management health and
safety arrangements – supervision, monitoring, training, resources
allocated to health and safety, etc.

An analysis involves examining all the facts, determining what happened and
why. All the detailed information gathered should be assembled and
examined to identify what information is relevant and what information is
missing. The information gathering and analysis are actually carried out side
by side.
As the analysis progresses, further lines of enquiry requiring additional
information will develop. The analysis should be conducted with employee
or trade union health and safety representatives and other experts or
specialists, as appropriate.
This team approach can often be highly productive in enabling all the relevant
causal factors to emerge.
To be thorough and free from bias, the analysis must be carried out in a
systematic way, so that all of the possible causes and consequences of the
adverse event are fully considered. Analysis of the information should
determine the immediate, underlying and root causes of the adverse event.

3. Step 3 – Identifying Risk Control Measures
Analysis of the adverse event will have identified a number of risk control
measures that either failed or that could have interrupted the chain of events
leading to the adverse event, if they had been in place.
In deciding which risk control measures to recommend and their priority,
measures should be chosen in the following order where possible:





Measures which eliminate the risk e.g. use ‘inherently safe’ products,
such as a water-based product rather than a hydrocarbon-based
solvent
Measures which combat the risk at source e.g. provision of guarding
Measures which minimise the risk by relying on human behaviour
e.g. safe working procedures, the use of personal protective
equipment

In general terms, measures that rely on engineering risk control measures
are more reliable than those that rely on people.
In dealing with risk, there is a hierarchy of risk control which can be applied
in the following order:
Hierarchy of Risk Control






Eliminate the risk altogether
Substitute the risk for something safer
Apply engineering controls such as guards
Apply administrative controls such as safe working practices
Use PPE, but only as a last resort or in conjunction with other
controls
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4. Step 4 – Formulation of the Action Plan and its Implementation
Which risk control measures should be implemented in the short and long
term? At this stage in the investigation senior management, who have the
authority to make decisions and act on the recommendations of the
investigation team, should be involved.
An action plan for the
implementation of additional risk control measures is the desired outcome of
a thorough investigation.
The action plan should have SMART objectives:






Specific
Measurable
Achievable
Realistic and with
Timescales

Source – HSE, Investigating accidents and incidents, HSG245 (Second
edition) 2004
All relevant risk assessments and safe working procedures should be
reviewed after an adverse event. The findings of the investigation should
indicate areas of risk assessments that need improving as well as showing
up any trends. The cost of the adverse event should also become apparent.
We will now take a more detailed look at the process of analysing the cause
of the accident. Once the causes have been identified, corrective action can
be taken to reduce the risk of a repeat accident/incident.
Causes of accidents can be categorised into three basic types – immediate
causes, underlying causes and root causes.

1. Immediate Cause – The most obvious reason why an adverse event
happens, e.g. the guard is missing; the employee slips, etc. There
may be several immediate causes identified in any one adverse
event.
2. Underlying Cause – The less obvious ‘system’ or ‘organisational’
reason for an adverse event happening e.g. pre-start-up machinery
checks are not carried out by supervisors; the hazard has not been
adequately considered via a suitable and sufficient risk assessment;
production pressures are too great, etc.
3. Root Cause – An initiating event or failing from which all other causes
or failings spring. Root causes are generally management, planning
or organisational failings.
Investigation report forms which are filled in by investigators following an
accident/incident can vary in design, layout and content but generally bring
together all of the findings of the investigation to determine the cause(s) and
give recommendations to prevent further occurrences. They conclude:
What happened: the injuries/losses/costs
How it happened: the event itself
Why it happened: the causes – root, underlying and immediate
Recommendations: any action to be taken to remedy the situation
and prevent any recurrences
The use of standardised report forms ensure that the investigation process
is correctly adhered to and that information can be reported back to
management. Follow up actions can easily be taken following appropriate
recommendations within the report:
An Efficient Recording System Will:
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ensure the information is correctly and accurately presented
consistently
ensure the data will be analysed easily to discover common causes
or trends
ensure the inclusion of data which may be required in the future,
such as time taken to complete the investigation or other related
costs
identify and alert others to salient points from the event to help teach
others how to avoid a recurrence

There are extensive computer formats for recording and analysing data from
investigations which can assist in giving conclusions and recommendations
to events.
Regular reviews of report forms are required to ensure remedial actions have
been implemented.
Let’s look in more depth at the causes of accidents on the understanding that
if we can understand why they occur it may be possible to pre-empt them
and build measures into process design, styles or structures of management,
or working culture which may prevent them from happening in the first place.

Immediate Causes. Immediate causes are obvious and easy to find. They
are brought about by unsafe conditions and unsafe acts. Unsafe acts show
poor safety attitudes and indicate a lack of proper training.
An adverse event can result from a combination of the two and there may be
several unsafe acts and conditions which contribute to the event. The
immediate cause(s) of an accident are due to ‘errors’ made by those staff
with ‘hands-on’ control of the system/equipment which occur immediately
before the accident and are called ‘active failures’.

Classification of Active Failures







A slip/lapse is an error which occurs during the execution of the
correct plan of action
A mistake is an error which occurs during the planning of what to do
in a given circumstance when a choice has to be made between
different courses of action and the wrong choice is made
A violation is a deliberate error where the individual concerned has
breached an established rule or procedure
Unsafe Conditions – An example would be a work area which is
cluttered and untidy – leaving slip/trip hazards
Unsafe Act – An example would be that of a worker removing a
machine guard before using a machine resulting in injury

Root or Underlying Causes
Root or underlying causes are less obvious than immediate causes and are
generally management, planning or organisational failings. These are called
‘latent failures’ and examples are:








lack of rules and procedures
insufficient training
poor safety commitment
insufficient supervision
poor plant and equipment design
poor job design
poor working conditions

Source – HSE, http://www.hse.gov.uk/quarries/education/topic3.htm
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Analysing Causes of an Accident
There are many techniques in determining the true picture of immediate and
root causes of an accident/incident. One of which is by applying a
questioning technique which constantly asks why, and then applying the
answers to a pictorial diagram which gives a causal tree analysis.
If we apply this technique to the accident outlined below we can see how it
works.
We start by looking at the ultimate consequence and work our way back by
asking why. We can then get a full picture of all the causes.
Let’s see an example of how to make an accident investigation:

pipes emitted a blast of steam which scalded Joe’s hand and he suffered
serious burns.
Joe was a walking wounded casualty and took himself to the medical bay for
treatment to burns. An investigation into
the incident was started.
We start with the known fact that ‘a person
has been injured in an area housing steam
pipes’. From there we keep asking the
question ‘why?’ in order to reveal the
underlying cause(s) of each element as it is
revealed. Let’s have a look at how it works.

CASE STUDY: Joe is one of the control room operators on-board a floating
production storage & offloading (FPSO) platform.
He had been asked to inspect a Fire and Gas sensor some distance away
from his normal work post. He
decides to take a shortcut
through an area housing steam
pipes.
Unauthorised workers are not
normally allowed in this area as
the steam in the pipes is under
pressure and very hot.
As he was passing by the piping,
one of the flanges of the steam
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From this investigation, we can now build up a causal tree showing:




Immediate Causes
Underlying Causes
Root Causes

act

A person (Joe) has been injured in the area housing steam pipes

question

What was the cause?

answer

As Joe was passing one of the steam pipe flanges, there was an
unpredicted blast of steam emitted from the flange

reason
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question

Why was Joe near the steam pipes

answer

Because he took a shortcut

question

Was he allowed in that area

answer

No. It was a restricted area

question

Why did he take an unauthorised shortcut

Answer

Because no-one had told him he could not

Question

Why had no-one told him he could not take a shortcut through the area
housing steam pipes

answer

Lack of proper induction training and poor supervision

Reason

for escape of steam

Question

Why did the steam escape

answer

Because there was a leak on the flange

Question

Why was there a leak on the flange

answer

Because some of the flange bolts had loosened

Question

Why had the flange bolts loosened

answer

Because the maintenance schedule had been allowed to lapse and the
bolts had not been inspected in accordance with the schedule
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Learning the Lessons
There are 3 areas in incident analysis schemes where learning is important:
1.
2.

3.

Learning the lessons locally so that actions are taken to ensure
that the incident is not repeated.
Learning lessons more widely so that lessons from other
systems are applied and lessons from local experience are
disseminated and acted upon.
The learning involved for the people who carry out the
investigation – i.e. in ensuring that the investigators are able to
absorb and understand the new information that they uncover in
the course of the investigation and how the process of
participating in the investigation affects their behaviour later on.

1. Learning lessons locally
The final stage of any incident investigation process is communication. The
output of the investigation must be in a format and style that communicates
to the stakeholders.





For managers: a suitably summarised report that communicates the
essential messages. These will include: what went wrong; how
serious it might have been; the successes and failures of the systems
and processes involved; the recommendations to avoid future
incidents.
For safety records, regulators, researchers, etc.: the full
documentation in technical detail of the investigation and its findings.
For operators, system developers, etc.: translation of the findings
into a format and style that is accessible to them at a time when they
might be the cause of (or a means of avoiding) future incidents. This

could include checklists, updated (or new) procedures, data sheets,
rules within computer-aided design tools, etc.
A culture of organisational learning is needed if lessons learned are to be
maximised. Staff setting up new projects and operations (or modifying
existing ones) should be encouraged to consult repositories of lessons
learned and to use techniques such as ‘Peer Assist’ to learn from the
experience of others.
2. Learning lessons more widely
Many incident schemes include a publishing capability that allows lessons
learned within one organisation to be distributed globally. This can be via
trade magazines (although financial support for trade organisations seems to
be declining), specialist publications or websites.
Typically, lessons tend to be most relevant (and accessed) within an industry
sector, such as within aerospace or within oil and gas. Sometimes lessons
are disseminated across industry sectors but within a technology domain,
e.g. amongst software practitioners and managers.
Disseminating lessons like this requires a good editorial capability. First-hand
accounts have more impact on readers. “War stories” of known incidents
are useful for disseminating lessons learned, but they have to be well
presented. The editor should be competent to:





provide a “wrapper” to the incident, e.g. highlighting current
relevance and other factors of interest to the audience.
provide a summary and conclusion.
cut down the first-hand account, so that it has maximum impact.
summarise similar incidents into one article without repetition, i.e.
highlighting similarities and differences.
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add trend information.

In a medium or large organisation, the individuals who have first-hand
experience of the incident or its investigation may have a role in teaching
others.
Mere Systems
Another example of learning from experience is the MERE system developed
in the REAIMS project for Aerospatiale. MERE (Managing Experience for
Requirements Engineering) is a powerful approach to preserving corporate
memory that enables organisations to learn from their experience.
It enables experience to be recorded, analysed and processed to generic
rules—Rule/Recommendations (R/R) in MERE terminology—which are
applied in future projects to prevent errors being repeated or to preserve
valuable experience. The MERE process defines the lifecycle of the R/R’s
from initial incident collection through elaboration and validation, to
application and verification on a new product.

3. The learning process of investigations
The process of investigating an incident is a learning process for the
investigation team. Facts about the incident are initially absorbed by the team
members, then, collectively, new knowledge is created (an understanding of
what went wrong and why).
The Process follows a pattern as follows:







Motivation
Exploration
Understanding
Distillation
Generalisation
Communication

Motivation: the trigger for the individual team member is assignment to the
investigation and/or involvement in the incident. Those who are personally
involved should have a high motivation, especially if the actual or potential
consequences were serious and fully understood. Professional investigators
can lose motivation if the job becomes routine. For example, for a
pathologist, death is a daily occurrence.
Motivation is also very important to those who report faults. In many cases
they will not be team members investigating the incidents. In some cases
they may be part of the cause and will need confidence in the system. It
should also be noted that team composition will be limited by resources
available and funding.
Exploration: the exploration stage is where the facts are gathered and
interviews taken. This stage requires an opening, questioning mind. Some
individuals have a tendency to leap to conclusions too early in the process.
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A well put together team should include people who have divergent thinking
skills. Individuals or the team as a whole may have biases that cause them
to overlook or exclude parts of the evidence, e.g. to concentrate on factors
within their own expertise or to respond to preconceptions about causes.
Good team design should try to mitigate common viewpoints. At this stage,
experimentation with different models or tools may find that one is more
suitable than others for the particular nature of the incident. Teams will often
need to include experts in the use of a particular tool or technique.
Understanding: the understanding stage is where the facts begin to form a
pattern. Convergent thinkers are needed in the team to bring the exploration
stage to a close and help the team to reach conclusions. The team needs to
agree on the pertinent facts and models.
Distillation: distillation is the stage where the essential points form a theory
of the incident. Depending on the nature of the incident and the analysis
tools used, key points may fall naturally out of the analysis process (e.g. from
an analysis of necessary and sufficient causes). This will not necessarily be
the case and team members will need to apply judgement.
Generalisation: generalisation is the point where specific facts and local
conditions may be replaced by more generic examples. Sometimes root
causes are only identified at this stage. For example, an investigation might
have found that a particular operator lacked the skill to undertake a task –
however, the general issue could be that none of the operators were trained
for the task.
Communication: the final stage is for the investigation team to prepare their
findings for communication to a wider audience. This may involve such
diverse tasks as recording facts within a constrained format for a database
and providing presentations to a wide range of personnel. In putting together

an investigation team, thought needs to be given to the communication skills
needed.

15.2

Inherent hazards in oil and gas

Having an understanding and knowledge of hazards in the oil and gas industry
allows us to ensure that, whenever a risk assessment process has been
undertaken, appropriate controls can be put in place and maintained to
ensure that the realisation of hazards does not, as far as reasonably
practicable, occur.
It is essential, therefore, that we understand the meaning and relevance of
common terms used within the industry.
Storing a fluid at a temperature below its flash point is one way of preventing
ignitable vapours from forming. This is not always possible as some products

The flash point of a volatile liquid is the lowest temperature at which it
can vaporise to form an ignitable mixture when mixed with air.
If a liquid is stored at a cold enough temperature that it does not
produce vapour it will not ignite. However, if the temperature is
allowed to rise, it will start to produce vapour. The higher the
temperature the more vapour is produced and eventually it will reach a
temperature where it is producing enough vapour that, if it is mixed
with air, it will ignite. This temperature level is known as the flash
point.
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have a flashpoint which, in practical terms,
cannot be attained e.g. gasoline flash point is
-45°F.

How likely a liquid will produce vapour and the
significance of that vapour is described using
two terms. These are:



Vapour density
Vapour pressure

Vapour Density. This is a measurement of the density of a vapour by
comparing it with another gas.
Comparing the density with air is a sensible approach as this will show
whether the vapour will rise or fall. If air has a density of 1, then vapour with
a density below 1 will rise, and vapour with a density above 1 will fall.
A good example of this is the difference in density between Liquid Petroleum
Gas (LPG) and Liquid Natural Gas (LNG). One type of LPG is Propane, which
is heavier than air. It has a density of 2.0. So, when mixed with air, the
vapour will fall.
Whereas Methane gas (LNG) is lighter than air = 0 .717. So, when mixed
with air, the vapour will rise.
Vapour density plays a very important part in deciding where to position gas
detection equipment, general ventilation requirements, wind-wall placement
etc. This is because vapour that is heavier than air may accumulate in low

lying areas, such as ducts or trenches, whereas vapour less dense than air
will rise and will drift away according to the wind strength and direction.
A vapour which is allowed to accumulate in low lying areas may prove to be
toxic or cause suffocation and will be a significant and unexpected hazard to
unsuspecting people entering that area.
The Bhopal incident in 1984 which killed 2,259 people instantly, and many
more later, was such an occurrence.
Vapour Pressure. When evaporation of a liquid takes place, it does so
because the energy within the molecules on the surface of the liquid is great
enough to allow them to escape from that liquid in the form of a vapour.
The faster this process takes place, the greater the vapour pressure and the
greater the concentration of the vapour.
If the vapour is flammable, then there is the risk of an explosion. That degree
of flammability can be expressed in a number of ways. They are as follows:





Flammable: Easily ignited and capable of burning rapidly;
inflammable has the same meaning. In the UK this is defined as a
liquid that has a flash point of between 21°C and 55°C. However, in
the USA there is a precise definition of flammable liquid as one with
a flash point below 100°F (37.8°C)
Highly flammable: Liquids which have a flash point below 21°C but
which are not defined as extremely flammable. See definition below.
Extremely flammable: Liquids which have a flash point lower than
0°C and a boiling point (or, in the case of a boiling range, the initial
boiling point) lower than, or equal to, 35°C.
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Flammability. As seen before, for a fire to start there are three elements
which have to be present: a source of fuel, a source of ignition and air (fire
triangle).
For a vapour (the source of fuel) to burn it has to be within a specific
percentage range with air. If the flammable vapour does not have enough
air, the atmosphere will not burn. This is described as an atmosphere that is
“too rich” to burn.

Toxicity is used in two senses:
a) to denote the capacity to cause harm to a living organism,
and
b) to indicate the adverse effects caused by a chemical.
This information is available on the Material Safety Data Sheet which comes
with any chemical.

Conversely, if the flammable vapour has too much air, the atmosphere will
again not burn. This is described as an atmosphere that is too “lean” to burn.

It is worth noting that there are substances with comparable health risk which
have not been tested under laboratory conditions. Consequently, their effects
are unknown on a living organism.

The range within which a vapour is flammable (not too rich to burn but also
not too lean to burn) is known as the flammable range.

The following further descriptions may be used:

All types of vapour have their own minimum and maximum percentages of
air within the flammable range. The minimum percentage of air within the
flammable range is known as the lower flammable limit. The maximum
percentage of air within the flammable range is known as the upper
flammable limit.

Acute toxicity describes the adverse effects of a substance which result
either from a single exposure or from multiple exposures in a short space of
time (usually 24 hours or less). E.g. some forms of radiation.

For example for Methane gas, the flammable limits are 4.4% and 15%-17%.
This is the flammable range referred to earlier, and at any point between
these two limits, the atmosphere is flammable.
When working in an atmosphere that has a vapour within the flammable
range, there is always a risk of fire and explosion. It is essential, therefore,
that the atmosphere is controlled to ensure that it does not fall within the
flammable range.
This is a control measure often used in storage tanks where the air is replaced
(purged out) with nitrogen. Nitrogen is an inert gas that will not burn.

Chronic toxicity describes the adverse health effects from repeated
exposures, often at lower levels, to a substance over a longer time period
(months or years). E.g. asbestosis.

Skin irritant. An irritant as defined by the Occupational Health and Safety
Administration (OSHA) is ‘a chemical, which is not corrosive, but which
causes a reversible inflammatory effect on living tissue by chemical action at
the site of contact’.
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A more general definition is a substance which on immediate, prolonged, or
repeated contact with normal living tissue will induce a local inflammatory
reaction.

it will rise to the top of any space it is in and disperse via gaps, openings or
crevices. It is highly flammable when mixed with air and has a wide
flammable range (4% to 75%).

Irritants can be divided into those which create a strong reaction, and those
which create a weak reaction. A strong irritant can be made weak by dilution.

It burns with an invisible flame which means it is only detected when it ignites
something else. It is therefore essential to eliminate all ignition sources
where the presence of hydrogen is possible.

Strong irritants can provoke an immediate reaction called acute irritant
contact dermatitis. However, weak irritants may take many doses over a long
period to provoke a reaction. This is known as chronic irritant contact
dermatitis.

Carcinogenic properties. A carcinogen is defined as any substance that can
cause or aggravate cancer. They fall into two groups:




Genotoxic carcinogen is a carcinogen that reacts directly with DNA
or with macromolecules that then react with DNA. There are no safe
thresholds for this group of carcinogens.

Non-genotoxic carcinogen is a carcinogen that uses other
mechanisms to cause cancer. It may be possible to define threshold
limits for this group of carcinogens.

Properties and hazards of various gases associated with the oil and
gas industry
Hydrogen is a colourless, odourless gas which is difficult to detect. It is
lighter than air with a density of 0.07 when compared with air. This means

Hydrogen Sulphide (seen in chapter 14)
Methane is a colourless, odourless gas. It has a relative density of 0.717
when compared with air at 1. It is the principal component of natural gas.
Methane occurs naturally in the substrate and may be released when drilling.
Methane is combustible, and mixtures of about 5% to 15% in air are
explosive. Methane is not toxic when inhaled, but it can produce suffocation
by reducing the concentration of oxygen inhaled when the methane
concentration is sufficiently high enough.
Liquefied petroleum gas (also called LPG, GPL, LP Gas, autogas, or liquid
propane gas) is a flammable mixture of hydrocarbon gases used as a fuel in
heating appliances and vehicles. It is increasingly used as an aerosol
propellant and a refrigerant.
Other types of LPG are Butane -4°C; Butadiene -15°C; Ammonia -33°C;
Ethane -89°C.
All of these LPG gases will have a huge expansion rate when changing from
a liquid to a gas at atmospheric pressure.
LPG is a colourless, odourless gas. It has a relative density of 2.0 when
compared with air. This means it is heavier than air and will accumulate at
the bottom of spaces it flows into e.g. cellars, pit and drains, etc.
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As LPG is used as a fuel source it is highly flammable. Consequently, its
main hazards are fire and explosion. It is also an asphyxiant, toxic and when
vaporising it can cause cold burns to the skin.
When it vaporises it has an expansion rate of 250:1 and creates masses of
vapour, it can also cause brittle fracture on carbon steel if it makes contact.
Finally, it can cause environmental harm.
Liquefied Natural Gas (LNG) is natural gas in liquid form. To reach this form
it is condensed through a cooling process using liquid nitrogen (-196°C) to
a temperature of minus162°C where it is takes up 600 times less space than
it does in its gaseous form. This makes it economically viable to ship around
the world and demand is expected to grow rapidly in the coming years.
The composition of natural gas, both in its gas and liquid form, varies
according to its source and how it has been processed. However, it consists
mostly of methane (typically 85% to 95%), along with a few percentages of
ethane, propane and butane, and possibly some traces of nitrogen.
LNG is colourless, odourless, non-corrosive and non-toxic. However, like
methane it can produce suffocation by reducing the concentration of oxygen
inhaled when the concentration is sufficiently high enough.
As LNG is used as a fuel source it is highly flammable. Consequently, its
main hazards are fire and explosion, it’s an asphyxiant, when vaporising it
can cause cold burns to the skin, when it vaporises it has an expansion rate
of 600: 1 and creates masses of vapour and it can cause brittle fractures on
certain carbon steels if it makes contact.

Nitrogen is a colourless, odourless, non-flammable gas, which does not
support combustion (it’s inert). It is also the most abundant gas in the

atmosphere, which is composed of approximately 78% nitrogen gas by
volume. As it is an inert gas, it will not burn and is frequently used to replace
air in potentially flammable spaces such as storage tanks holding flammable
liquids. The main hazard associated with nitrogen is asphyxiation.
Oxygen is often regarded as a safe gas because it is in the air that we breathe
and which we absorb into our bloodstream. However, like all gases it can
create hazards in certain situations.
As humans, Carbon Dioxide (CO2) triggers
our breathing mechanism. Consequently, if
the atmosphere we breathe becomes
enriched with oxygen to the detriment of
Carbon Dioxide, our trigger to breathe may
fall away and we could suffocate.
Oxygen also has the effect of oxidising metal
(rusting). In the oil & gas industry this is a fundamental issue that can affect
vast amounts of the infrastructure if not dealt with effectively. Rusting can
occur anywhere but poses the greatest hazard when it occurs in places not
normally visible, such as the inside of tubular structures.

Properties and hazards of associated products and their control
measures
Additives - Anti-foaming agents and Anti-wetting agents. In production
processes, foaming can be a significant problem. It can affect product quality
and production efficiency. Antifoaming agents are introduced into the
process to prevent this or to break down foam that has already formed. They
do this by reducing the surface tension of a solution or emulsion.
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Anti-foaming agents come in a number of formats. Most are oil based
although some are silicone based.
An anti-foaming agent is normally used in industrial processes to increase
speed and reduce other problems. It addresses both problems with surface
foam and/or entrapped air.
Anti -foaming agents are often used in boiler feed water treatment systems
to reduce the amount of foam on the top of the feed-water.
In general terms, these may be considered to be non-hazardous although the
relevant Material Safety Data Sheet (MSDS) should always be consulted.
General advice is to wash away any skin contact with clean water.

Micro-biocides are used to control a wide range of harmful bacterial activity.
Also known as corrosion inhibitors, they act as “disinfectants” on objects
such as steel pipelines where they are used as preventatives against
corrosive activity. They are also used in air conditioning systems to kill off
and/or prevent legionella bacteria forming in humidifiers in air conditioning
units.
Micro-biocides are toxic by ingestion. They are also irritating to eyes and
skin which are also the primary routes of exposure.

Corrosion Preventatives come in a wide range including ‘water displacing
film’ and ‘non-water displacing film’. They all vary in composition according
to their nature.

Some of the displacing corrosion preventers act by spreading across the
surface and seeping into any cracks and crevices where they displace any
moisture. They then deposit a residue which acts as a barrier to corrosive
actions.
Other types of corrosion preventers dry to a waxy or hard resin finish after
application and provide a barrier to corrosive actions.
The relevant Material Safety Data Sheet (MSDS) should always be consulted
when using these products.

Refrigerants. As long as the refrigerant remains within the cylinder or in the
system, it presents minimal danger. The hazard occurs when the refrigerant
is released or escapes. The hazard can be minimised where regular safety
checks are conducted.
Fluoro Chlorine gases (refrigerants) such as Freon (Chlorodifluoromethane
R22) have played a huge part in inflicting damage to the ozone layer and,
consequently, contributed to global warming. These gases have now been
banned in many parts of the world and are not now produced. Almost all
Fluoro Carbon gases have now been changed for green gases - a process
which, in many cases, required the replacement of refrigeration mechanical
equipment.
As well as regular safety checks on containers and systems, procedures
should be established and safety equipment be prepared to deal with
unexpected releases. This will minimise personal exposure in such
circumstances.
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Refrigerants – Toxicity and Personal Exposure
Safety related information will be available on the Material Safety Data Sheet
(MSDS) which should accompany the refrigerant. Toxicity data is usually
summarised on these Data Sheets. What this data means is that commercial
refrigerants are safe enough as long as personal exposure is kept within the
exposure limits defined on the MSDS.
The data sheet should indicate the Time Limit Values (TLV) or Time Weighted
Average (TWA) for the product. These define the amount of chemical a
person can be exposed to for 8 hours a day, 40 hours a week, without
adverse effects.
The American Conference of Government and Industrial Hygienists (ACGIH)
set these TLV – TWA values.
As well as the TLV and TWA values there is another useful value known as
Short Term Exposure Limit (STEL), which is based on a 15-minute exposure
time in any given day.
The term “Immediately Dangerous to Life or Health” (IDLH) is applied as
necessary.
These terms are used to give guidance for enclosed room requirements,
ventilation requirements, and alarms in an emergency or escape situation.
They are also used in circumstances where short releases of refrigerant can
be anticipated. These situations could include refrigerant transfers or
servicing/maintenance of refrigeration equipment.
Safe working procedures and industry practices laid out on the MSDS for
handling refrigerant are intended to minimize personal exposure to
refrigerants as well as to reduce the risk of any releases of refrigerant into
the atmosphere.

Safety rules to follow are:







Minimise the amount of any refrigerant which might be released.
Having comprehensive recovery procedures, including clearing
hoses, will ensure the refrigerant is contained.
Never release refrigerant in a confined space. All refrigerants have
the potential to displace enough oxygen to cause suffocation.
In areas where the potential to release refrigerant could lead to a
high concentration, it is advisable to set up air movement or
ventilation equipment, such as a portable fan.
If someone is exposed to refrigerant, move them to a place with
plenty of fresh air, give oxygen if needed, and have them medically
examined.

Refrigerant Flammability/Combustion
When flammable refrigerants are released, they present an immediate
danger. On release, the refrigerant will mix with air at atmospheric pressure
and, if exposed to a source of ignition, it will ignite or explode. A source of
ignition could be as simple as an electric switch.
Because of the inherent hazards of flammable refrigerants, they should be
restricted to controlled environments. These will include having adequate
ventilation, blast proof walls and where exposure to people is minimal.
Some refrigerants are known as ‘combustible refrigerants’.
These
refrigerants can burn with oxygen, but only at higher pressures or
temperatures and never in air at atmospheric conditions.
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Rupture of tank or system:

Refrigerants – Physical Hazards
Refrigerants are a liquefied gas under pressure. Consequently, one of the
more obvious hazards is of a sudden, unexpected release of the pressurised
refrigerant. This can result in injury being caused to anyone nearby.

If a refrigeration system or cylinder does not have a pressure relief
component, part of the system or cylinder could fail if the refrigerant pressure
is allowed to exceed the strength of the cylinder or system.
The hazards associated with this kind of failure are:

Frostbite
When liquid refrigerant is suddenly released, it swiftly goes from high
pressure to atmospheric pressure by expansion. This process allows the
liquid to vaporise. The consequences of this reaction are that the
temperature of the refrigerant will rapidly drop and will quickly absorb heat
from whatever source it is in contact with. If that source is skin, it can cause
frostbite.






Frostbite is caused by the water inside the skin cell freezing, and because
frozen water expands, this causes the cell wall to burst open.
Treating frostbite involves immersing the frostbitten area in lukewarm water
or applying a warm compress. The skin must be allowed to recover slowly
or more damage may be caused. The affected area should not be rubbed as
a means of warming as this may cause more harm.



PPE, including protective clothing, gloves and eye protection are an effective
means of preventing frostbite. They act as a last line of defence to keep
liquid refrigerant away from the skin and eyes.








injury from components or material ejected by the high pressure
escape.
frostbite injury to skin or eyes where contact with refrigerant is
made.
possible explosion or fire if the refrigerant is flammable.
When certain refrigerant gases burn they can produce other gases
that can be likened to Nerve gas, which is very toxic. This is also
known as Mustard Gas and is similar to the gas used during both
world wars. This makes most of the Fluoro Chlorine type gases
extremely dangerous if they are subjected to high temperature or
flame.
Liquid refrigerants have a very high expansion rate when changing
from a liquid to a gas.
Refrigerant gases are heavier than air and will slump if the gases are
accidently released.
Refrigeration machinery spaces, if enclosed, must be well ventilated
and if totally enclosed should be protected with some form of gas
detection system to warn personnel should a leak occur.
Containment failures have two main causes:
The pressure of the refrigerant has increased above the maximum
pressure rating of the cylinder or system.
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There has been a failure in the cylinder or system so that it will no
longer hold normal refrigerant pressure. e.g. corrosion or damage
to a component

Increased refrigerant pressure can be caused by exposure to heat. Increased
refrigerant pressure can develop where a confined volume has been
completely filled with liquid refrigerant. For example liquid-full hoses
between shut valves, or an overfilled recovery cylinder.
Regardless of what component it is, tubing, hoses, system components or
refrigerant cylinders, the weakest of these components in any system will fail
at some point when exposed to an increase in pressure.

The main hazards include:





It is essential, therefore, that some form of pressure relief device is
incorporated in the system to lower the pressure. This usually involves some
means of releasing some of the refrigerant.
Listed below are four types of device that might be found on a mechanical
refrigeration system or on a cylinder that might assist in reducing pressure.
These devices relieve directly into some form of recovery unit where the
relieved pressure can be recovered and returned to the refrigeration system
with no adverse effect on the environment.





Pressure relief valve (overpressure)
Vacuum breaker (under pressure)
Bursting disc (over pressure)
Fuseable plug (over temperature)

Water/steam serves many purposes in process operations including cooling
and dilution. It is also used in air conditioning systems, for cleaning and for
firefighting.



Legionella in air conditioning systems. This is controlled by regular
testing and maintenance procedures.
Leptospira may be found in fresh water, especially if that water
originates from rivers or lakes. It typically enters the body through
cuts or scrapes, or the lining of the
nose, mouth, throat or eyes, and
can lead to Weil’s disease in
extreme cases. Controls include
good personal hygiene.
The corrosion of steel can be
accelerated by the presence of
water, and especially salt water.
The presence of water can also set
up an electrolytic situation that will facilitate corrosion. This is usually
controlled by applying protection to the
surface of the metal such as the corrosion
preventatives we discussed earlier or with
cathodic protection. This involves fitting
sacrificial anodes within the system.
The friction of water flowing through
pipework gradually builds up an
electrostatic charge within the pipework.
The discharge of this electrostatic charge can cause an explosion.
This can be controlled by managing the rate of flow of water and by
bonding the pipework to earth.
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Thermal shock when starting up a steam plant too quickly that has
not been warmed through can create water hammer on the system
causing mechanical shock and subsequent damage.
When carrying out Hydrostatic pressure testing on pipework and
vessels, an increase in temperature during the test (e.g. direct
sunlight) may increase the pressure within the component to
unacceptable limits with catastrophic effects.

Freezing water. When water freezes it expands, and if it freezes within
pipework, pumps or other components, the resulting expansion will damage
those components.
Means of preventing this happening include draining unused systems and
retaining or introducing heat on pipes to prevent freezing (this may be done
by lagging or by fitting steam trace lines).
Hydrates, or ice plugs can be created when pressure is reduced across an
orifice, such as a valve. Any water that is contained in the medium will freeze
and start to cause hydrates. This effect has been known to completely block
pipelines which resulted in operators being unable to close valves.

Controls include maintaining a dry
riser, the introduction of additives
to kill any inherent marine life, and
regular maintenance of the system.

Steam is produced to add heat to a
process where necessary and/or
protect it from freezing, as
previously mentioned.
The main hazards are associated with heat and pressure. Controls include
lagging, maintenance and signage.
Cold steam lines must be drained before introducing steam. This is because
any remaining water in the system, being unable to compress, will turn into
steam and expand rapidly, resulting in potential failure of the system.
Also, any rapid increase in heat can cause uncontrolled expansion of the
component parts and may also lead to failure of jointed flanges, etc.

A prime example of this was the Feyzin disaster in France in 1968. This is
where an operator was draining water from a pressurised propane tank when
a hydrate plug formed in the drain valve. Consequently, he was unable to
close the valve and a cloud of propane vapour escaped and exploded when
it came into contact with a source of ignition, killing 15 people and injuring a
further 81.

Mercaptans are a group of organic chemical substances containing sulphur.
T-butyl mercaptan blends are used as odourants to assist in the detection of
natural gas (which in pure form is odourless).

Sea water incurs the risk of marine growth within it. Sprinkler systems are
particularly vulnerable to this risk as the sprinkler heads can become blocked.

Some mercaptans are harmful. For example, methyl mercaptan is harmful if
inhaled - it is a skin, eye and respiratory irritant. It depresses the central

They smell like rotting cabbage. If mercaptans are in the air, even at low
concentrations, they are very noticeable.

164
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

nervous system. Chronic exposure may cause lung damage.
flashpoint of -18°C and the following risk phrases apply:





It has a

R12 Extremely flammable
R23 Toxic by inhalation
R50 Very toxic to aquatic organisms
R53 May cause long-term adverse effects in the aquatic environment

Drilling muds - Water
Based Mud (WBM).
Water-based
mud
systems are where
clays
and
other
chemicals are blended
into the water to create
a somewhat thicker
fluid.
The exact
consistency (viscosity)
depends on the level of
additives.
The clay
(which is called "shale"
in its rock form) is
usually a combination of
different
types
of
indigenous clays that
are then dissolved into
the fluid during the
drilling operations.

In geotechnical engineering, drilling fluid is a fluid used to aid the drilling
of boreholes into the earth and is often used whilst drilling oil and natural gas
wells and on exploration drilling rigs. Liquid drilling fluid is often called
drilling mud.
In certain situations specific types of clay or additives, obtained through
specialist suppliers, are added to the fluid in order to give required
characteristics to the drilling fluid.
Bentonite, commonly known as ‘gel’ is the most commonly used additive. It
has a thixotropic characteristic in that when it is being pumped through the
system it is free-flowing. However, once pumping stops it takes on a semisolid or gel like state. When pumping resumes, the semi-solid state breaks
down and the previously free-flowing state resumes.
Other chemicals, such as potassium formate, can be added so that the drilling
fluid can take on various characteristics that might be required in given
situations.
These include:





Viscosity control
Shale stability
Enhancing the drilling rate of penetration
The cooling and lubricating of equipment

Drilling muds - Oil-based mud (OBM). OBM systems are where the base
fluid is a petroleum product, usually diesel oil.
The reasons for using an oil-based mud include:
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to increase lubrication of the drill shaft
to enhance shale inhibition
to add greater cleaning ability

Higher working temperatures can also be tolerated by oil-based mud without
breaking down. Special considerations should be given to the use of oilbased muds including the environmental effects associated with them.

Drilling muds - Synthetic-based mud (SBM). SBM systems are where the
base fluid is a synthetic oil. Synthetic-based mud has the properties of an
oil-based mud, but without the same toxicity levels that an oil-based fluid
emits. This is an important factor when considering enclosed working
conditions such as an offshore drilling rig.
Very early drilling muds contained vast amounts of benzene, which is very
toxic. These days the industry has tended to move away from benzene and
uses safer chemicals or water based muds which are much safer to use for
the operators, although some of the lubricating properties have been lost.

The Drilling Process and Its Inherent Hazards
During drilling operations, mud is pumped from the mud pits through the drill
string where it is sprayed onto the drill bit. This has the effect of constantly
cooling and cleaning the drill bit during the drilling operation.
As the mud flows up the annular space between the drill string and the sides
of the hole, it carries the crushed rock cuttings up to the surface. The
cuttings are then separated from the mud by means of a shale shaker or
some other method of separation. The mud is then returned to the mud pit.

Mud pits are designed so that the finer cuttings (fines), which have remained
within the mud after going through the shale shaker, can settle out at the
bottom of the pit. This is also where any necessary treatment of the fluid is
undertaken including adding chemicals and other additives.
Any returning mud may contain natural gases or other flammable materials
and these can be released at any point once it leaves the drill head. This
includes areas in and around the shale shaker / conveyor area or other work
areas associated with returning mud.
Consequently, there is always a risk of a fire or explosion if these gases come
into contact with an ignition source. In order to reduce such hazards,
appropriate safety measures must be taken by everyone working in, or
associated with, such areas.
Safe working procedures, special monitoring sensors and intrinsically safe,
explosion proof equipment must be installed. For example, explosion-proof
certified electrical wiring or control panels.
The returned mud, now residing in the mud pits, is then pumped back down
the hole and in a continuous circulatory fashion.
The mud is tested at specific periods and, where required, is treated to give
it the properties which optimise and improve drilling efficiency, borehole
stability, and other requirements listed below.
The main functions of a drilling mud can be summarised as follows:






Remove cuttings from the well
Suspend and release cuttings
Control formation pressures
Seal permeable formations
Maintain wellbore stability (line walls of the hole)
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Minimise formation damage
Cool, lubricate & support the bit and drilling assembly
Transmit hydraulic energy to tools and bit
Ensure adequate formation evaluation
Control corrosion (to acceptable level)
Facilitate cementing and completion

Drilling muds – Sludges
The geologic formations that contain oil and gas deposits also contain
naturally-occurring radioactive elements materials (NORM). These include:





uranium
thorium
radium
lead-210

Geologists have recognised this since the early 1930’s and it is used as a
method for finding further deposits of oil and gas.
Much of the oil and gas in the earth's crust was created at the site of ancient
seas by the decay of sea life. As a result, these deposits often occur in
aquifers containing brine (salt water). Radioactive elements, along with other
minerals that are dissolved in the brine, precipitate (separate and settle out)
forming various wastes at the surface including:





mineral scales inside pipes
sludges
contaminated equipment or components
produced waters

Workplace Equipment where sludges might be found






On the drill string
Inside vessels (demister pads)
Inside filters
In coalescars (coarse filter/emulsifier)
In coolers where tubes might be coated with sludge

Because the extraction process concentrates the naturally occurring
radioactive elements and exposes them to the surface environment and
human contact, these wastes are classified as hazardous.
Sludges are often a mixture of liquid and suspended material and therefore
present a range of hazards, for example:








Skin irritant (possibly causing dermatitis)
Inhalation (fumes or dust from dried sludges)
Ingestion (poor hygiene i.e. Not washing, not cleaning up, eating at
work site)
Radiation
Carcinogenic
Environmental (Pollutant)
Absorption through the skin (dermatitis)

Employees who work with Low Specific Activity (LSA) materials are likely to
be exposed to ionising radiation by inhalation (and ingestion) of radionuclides
and, to a lesser extent, by direct radiation from bulk storage of the material.
The principal hazard arises from intake of radionuclides into the body
resulting from inhalation of dust and fumes. Individuals may also receive
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some exposure to external radiation during dismantling or cleaning of plant
containing scale from North Sea oil and gas extractions.
It has been found that individuals engaged in dusty processes involving these
materials can receive significant exposure to ionising radiation where
adequate steps have not been taken to restrict the inhalation of dust.
Control Measures that Reduce Risk to Workers Exposed to Sludge
Employers must control the work so that the exposure of individuals to any
ionising radiation arising from the work is restricted, so far as reasonably
practicable. Engineering controls, such as the provision of ventilation
equipment, and safe systems of work should be used where reasonably
practicable, rather than relying on personal protective equipment. Work
procedures to restrict exposure should be outlined in written local rules.
The use of ‘wet methods’ of working and good housekeeping are also good
general principles of protection.
Other measures include using equipment and materials to collect sludge
rather than adopting a hands-on approach, diluting sludge with water, training
and awareness, use of respiratory protection equipment, employing health
surveillance measures on workers involved.
Over and above these measures it may be necessary to designate 'controlled
areas' or 'supervised areas' if dust (or fume) concentrations reach specified
levels in parts of the workplace. Entry to a 'controlled area' should be
confined to 'classified persons' or persons who enter the area under the
restriction of a written safe system of work.
Where respiratory protective equipment (RPE) is used in order to restrict
exposure it should be specifically for use against airborne radioactivity.

15.3

Electrical hazards

Electrical accidents are caused by:







defective machines, appliances and cables;
poor or absent earthling systems;
incorrect construction or assembly;
direct or indirect touching of live parts;
improper use of electrical installations
and/or materials;
carelessness, negligence {ignoring the hazards) and lack of
knowledge;

The hazards associated with working with electricity are:




electrocution;
damage due to electric shock, or injury due to a reaction to an electric
shock (secondary injury);
damage caused by fire and/or explosion caused by sparks and are
torch flames.

Electric current through the body
lf direct contact with current occurs, the electrical current will flow through
the body. When travelling through the body, the strength of the current is
determined by the following factors:


Electric potential (level of voltage);
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Resistance of the substrate: a rubber mat or a linoleum floor are bad
conductors of electricity, and thus give a higher resistance than a
concrete or tiled floor.
Footwear resistance.

Secondary injury: an indirect accident or secondary injury could be a fall due
to the panic reaction of experiencing an electric shock at work, for example.
With short circuits, people can be hit by flying material or blown away by the
pressure wave.

ELECTRICITY AND ELECTROCUTION. Injury from a total flow of electricity
through the body depends on the current strength:




the manner in which the current passes through the body;
the type of voltage;
the time it takes the electricity to flow through the body.

From 30 mA up, blood pressure might increase, the heartbeat can become
irregular, muscle spasms may occur, as can unconsciousness or heart
fibrillation (uncontrolled cardiac muscle contractions).

For voltage, a distinction is made between DC and AC. AC voltage is used in
homes and other buildings. DC voltage is found in batteries and power packs.
DC voltage is on the whole less hazardous than AC voltage. However, a short
circuit in direct current voltage causes larger flames than those produced by
AC voltage.

Safe voltage, in other words non-fatal voltage, is anything up to 50 volts for
AC and 120 volts for DC (under dry conditions). This is simply a guideline;
these voltages can sometimes result in electrocution or permanent injury.

WORKING WITH ELECTRICITY. There are a number of safety features that
can reduce the risks associated with electricity, namely:






physical shielding;
insulation;
earth leakage circuit breaker;
using a safe (very low) level of voltage;
an earthling system

Physical shielding, such as a panel covering a washing machine or hinged
flap over a switch or a door on a meter cabinet, ensures that live parts and
wires are out of reach.

Lnsulation. Live parts and wires can also be out of reach when they are
surrounded by non-conductive material. This is called insulation. Rubber,
plastic and ceramic fibre are all examples of insulation material. They can
only be removed by physically breaking them apart. Double insulation means
an additional layer of insulation; the current is then separate from the outer
sheath which is itself made from plastic. One square inside of the other is
the symbol which indicates that a device is double insulated.
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Earth leakage circuit breaker. An earth
leakage circuit breaker signals earth leaks
and automatically turns off the current
when the difference between current and
backflow rises above a certain value.
An earth leakage circuit breaker enhances
safety as it protects against electrocution,
but it does not provide absolute safety. lt
offers no protection against current
overload, overheating and short circuits.
An earth leakage circuit breaker must be regularly tested.

Earthing system. An earthing system is a connection to the external metal
parts of earthed electrical appliances. lts purpose is to prevent the external
metal parts from becoming live through defects in the electrical appliance.
Try to connect these to the existing earth cable network.
The earthing of scaffolding is mandatory when electrical cables, pipes and/or
electrical materials (such as hand tools) with normal voltage are placed onto
scaffolding. Steel containers must also be earthed according to regulations.

TEMPORARY ELECTRICAL EQUIPMENT. Construction sites use a lot of
temporary electrical equipment. Examples of these are cable reels, extension
cords, electric hand tools and construction power distribution boxes. Before
using such equipment, you must first check for external damage or

irregularities. lf the material is damaged, you may not use it and must report
this to your supervisor.

Construction power distribution boxes. The main circuit breaker in an
industrial power supply cabinet (300 mA) provides extra protection. There
are also 30 mA circuit breakers that offer additional electrocution protection.
Various safety measures can be added to casings of construction power
distribution boxes:





double insulation (does not protect against moisture or dust);
waterproofing, for rainy conditions for example;
dustproofing;
shock proofing against impact and falling objects.

Cable reels must be completely rolled out. Rolled up cables which transport
large amounts of current act as a coil. The heat which is then released can
melt the insulation, leading to a short circuit. Always check the permitted
maximum power of the reel, both rolled -up and rolled-out.

Power and extension cables. When using power and extension cables, make
sure that the cables are not overloaded. Make sure that the power cord or
extension cable can cope with the number of connected devices.

STATIC ELECTRICITY. Static electricity occurs when two electrically charged
objects or substances have different electrical charges. When friction occurs,
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these materials can be slowly charged.
Friction between a large amount of warm,
rising air and colder ambient air creates a
difference in charge between the two air
types. This charge becomes so high that it
must be discharged in the same way as a
short circuit. Lightning is a known example
of static electricity discharge. You also
experience static in other ways, such as the
shock you might feel when taking hold of a
metal door handIe.

In static electricity, electrical voltages build up differently than in normal
electrical systems. Static electricity is mainly created through:








rising gas or vapour bubbles causing turbulence in pipelines and
tanks, and mechanically stirred vessels;
paint spraying or similar activities;
pneumatic transport of powders and grains in mixers, weighing
station dosing sluices and tankers;
drive belts, through the friction of the belt over the wheel;
some types of liquid when flowing through a plastic pipe or when
stirring;
friction from plastic or clothing over the skin;
walking on plastic floor coverings.

A discharge of static electricity can produce sparks. This can cause a
flammable or explosive mixture or a dust cloud to ignite. Electronic
equipment may become defective due to static discharges.
Static electricity can be reduced by:








earthing equipment, tanks and pipelines;
connecting as much as possible to the existing earthed network
when earthing
limiting the current flow rate;
adding antistatic material to liquids;
limiting the drop height of liquid or substances in storage tanks or
containers (for example, using an internal pipe which reaches almost
to the bottom of the tank);
wearing anti-static footwear and clothing.

WORKING ON ELECTRICAL INSTALLATIONS
Not everyone is permitted to carry out work on electrical installations. This
requires the correct training. A person who has not been fully trained is called
a layman. A layman is not permitted to work on or in (live) electrical
installations.
A Sufficiently Trained Person (STP) is someone who is adequately instructed
by Qualified Persons (QP’s), giving them the knowledge to avoid electrically
generated hazards.
The STP may carry out electrical work under supervision. These activities are
precisely defined and the STP must be sufficiently instructed to this purpose.
For more complicated electrical work, a qualified person (QP) is required.
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A Qualified Person (QP) is a designated person (by means of a letter of
appointment) with relevant (electronic) training and experience. This enables
him/her to recognize and prevent electrically generated hazards. VPs and
VOPs must receive periodic instruction/training.

15.4

Radiation hazards

Lionizing radiation is capable of generating electrically charged particles
(ions) into irradiated material, thereby changing the structure of that material.
This also applies to the cell structure of the human body. Any substance that
emits ionizing radiation is a radioactive substance.
Lionizing substances can be created through ore processing in natural gas
extraction. lionizing radioactive substances are used in:






medicine;
nuclear power plants;
detection devices (e.g., smoke detectors);
material control apparatus;
measuring equipment in the process industry.

Many natural substances in our environment send out ionizing radiation
without our knowing of or noticing it. This harmless radiation is also called
natural background radioactivity.

lionizing radiation can be hazardous above a certain dose. The degree of
exposure to ionizing radiation depends on the distance to the radioactive
source, the exposure time and the radioactive substance type.
To protect oneself from ionizing radiation, the following safety precautions
must be followed:







stay as far away from the radiation source as possible;
prevent radioactive material contamination by implementing good
hygiene habits and leaving radioactive material packaging intact;
cordon off the area around a radiation source;
use the appropriate PBMs (for example, a lead apron when in the
vicinity of an X-ray machine);
place warning signs;
carry out continuous controls.

If you work with radioactive substances or ionizing radiation, you must always
measure the amount of radiation absorbed with a personal dosimeter and
take appropriate action should levels rise. Periodic occupational medical
examinations are compulsory.
At sites where ionizing radiation is used, experts monitor both radiation and
hygiene. They check whether employees, tools, equipment or the workplace
are contaminated. If necessary, they will order additional measures or shut
down the workplace.
Keep as far away from ionizing radiation as possible, if you are work in area's
that use or produce it.
Non-ionising radiation is all other, less powerful radiation, and is incapable
of forming ions. Examples of non-ionising radiation include microwaves,
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ultraviolet radiation, sunlight, laser beams (medical equipment or measuring
equipment), infrared radiation (heat radiation) and radio waves.
Non-ionising radiation can still cause health damage. lnfrared radiation, for
example, can dry out the eye, while ultraviolet radiation can cause welder's
eye (corneal flash burns) and may burn the skin.
Safety measures for the prevention of health damage by non-ionising
radiation include paying proper attention to instructions (and using PBMs),
giving or receiving sufficient information concerning equipment or apparatus,
following instructions and remaining at a safe distance.

15.5 Hazard and risk prevention. TRA (Task Risk Analysis)
and LMRA (Last Minute Risk Analysis) HSE annual plan
A hazard is a phenomenon that can endanger human health: a specific
characteristic of a substance. product or situation that can cause an incident.
As you work, you need to recognise any hazards that might occur. There are
hazards surrounding the use of certain substances and equipment, as well
as environment al hazards such as the behaviour or actions of others, or
hazards caused by installations, machinery and (weather) conditions.
A risk denotes the chance (probability) that an undesirable effect will occur.
In short, PROBABILITY X EFFECT.
When determining risks, potential adverse effects (damage or consequences)
should first be considered, before estimating the probability of this effect
actually occurring. In an aeroplane accident, one can calculate a big effect,
but only a small chance of this effect actually occurring.

It is important that you estimate the likelihood of potential hazards which
could cause an incident and what the consequences will be. By the
combination of probability and effect, you can determine if, and if so which,
management guidelines you should follow.
In order to increase safety levels, you must first be aware of which hazards
can occur and what the risks are.
Examples of work-related hazards are:









fire hazard, risk of explosion;
hazardous substances;
hazards due to excessive noise;
hazards due to the presence of radiation;
hazards caused by moving parts;
hazards caused by falling objects;
hazards relating to vehicles and traffic;
cutting hazards and falling hazards

Cutting hazards and falling hazards combined account for 70% of all
accidents!
There may be several reasons why hazards occur. We also call these 'sources
of hazard'. Sources of hazard at the workplace can be the type of work carried
out, the premises and/or environment, equipment (tools and machines).
products/materials and last but not least, the competence and conduct of
staff members. Everything possible can be done to make work 100% safe,
but if the knowledge and mentality of the employees is lacking, risks can no
longer be considered to be under control.
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To get an idea of which tasks or situations involve hazards and risks, a shortlist has been added below. You will probably be able to make your own
additions to this list:






working with hazardous materials, tools and machines;
working with high pressure, sources of radiation and electricity;
excavation work;
working in cold, hot and/or noisy environments
working at height.




preventing damage to health;
preventing environmental damage.

Prevention measures are taken to ensure that risks are reduced.
Prevention means avoiding hazardous conduct and hazardous situations!
Hazardous actions or hazardous situations are direct causes of accidents and
incidents. They are specifically called 'direct' causes, because they can
directly lead to accidents.

One should be extra alert when carrying out these tasks.
There are a number of situations which can increase workplace and
environment-related risks. These can increase the chances of having to deal
with a hazardous situation.











a messy, hard-to-reach workplace with little space to manoeuvre and
few evacuation routes
too much or too little light
vibrations
complex work
hazardous work being carried out in the near vicinity
traffic
weather conditions
sources of radiation
dust or contaminated air
working in a confined space

Prevention means:



preventing a risk from increasing;
preventing an accident occurring;

A hazardous action is an act that can lead to an accident. It is therefore
doing something or not doing something which, by either doing it or not
doing it, can lead to an accident. Research has shown that 80% of all
accidents are caused by human error.
Examples of hazardous actions are:







performing tasks for which no permission has been granted (for
example, carrying out work without a permit).
mandatory personal protective equipment is not used.
bridging or deactivating protective measures
using tools for tasks for which they are not intended.
using damaged tools.
incorrect transfer of a load.

If you see someone performing a hazardous action, the first thing you should
do is (ask them to) stop the action in question. Then report this action to the
direct supervisor.
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We have only given a small number of hazardous action examples in the list
above. Naturally, there are many more. You can probably name a few of your
own. It is important that you recognise hazardous actions when at work.

HIERARCHY OF PREVENTION CONTROLS AND GUIDELINES

Hazardous situations are situations where work is done without meeting

We also call this the hygienic work strategy. It is important that you always
follow this hierarchy when taking risk management measures! In the field of
risk prevention, it is also important that multiple risk management measures
are taken.

work safety conditions and which can lead to an accident or damage to health.
Examples of hazardous situations are:






no or insufficient lighting
no or inaccessible evacuation route
untidy workspace
no or insufficient protective measures installed in apparatus or
machines
too much activity on a limited floor space, below, above and beside
one other

When taking preventive measures, there is a fixed hierarchy: the prevent ion
hierarchy. With prevention hierarchy we mean the order of steps that must
be taken to prevent accidents and damage to health.

The fixed order (hierarchy) when taking preventative measures is:
1.
2.

3.
If you come across a hazardous situation, removing the (cause of) that
hazardous situation is the first thing you should do. You can then cordon off
and diffuse the hazardous situation before warning others and taking action.
Make sure your priorities are in the correct order.

Source-oriented measures: deactivate hazards and risks, remove
causes and choose other, safer work methods.
Limit or reduce risks by collective protection and safeguarding,
suitable work methods and equipment, limit exposure to risks in
the contexts of time, frequency, intensity and number of
persons.
Should the first two steps not lead to acceptable levels of risk,
personal protective equipment must be used.

When following prevention guidelines, guidelines for the following must also
apply:
1.
2.

The training, informing and instruction of employees.
Alarms, warnings and labels.

In addition to this, organisational guidelines can also be useful. These
guidelines allow work to be organised in an alternative manner. As a result,
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employees are exposed to hazards for shorter periods of time. Also,
alternative organisation of work can mean that either employees will be less
likely to encounter high-risk situations, or that fewer employees will carry out
high-risk work. Yet another consequence could be that the intensity and
damage levels relating to exposure are reduced.

PREVENTING ACCIDENTS
An accident is a sudden occurrence, often due to a domino effect of
preceding events which have occurred some time before.
An ounce of prevention is worth a pound of cure. Therefore, we must try to
avoid accidents in a structured manner; otherwise known as prevention.

4.
work space:
 safeguard a work space that provides optimal protection against
environmental influences such as weather, machine installation,
noise, vibration, traffic and harmful substances.

The injury pyramid. When looking at the severity of an accident, we
distinguish four categories:
1)
2)
3)
4)

Accidents with (light) injury and without sick leave.
Accidents with injury and sick leave.
Accidents with serious injury and sick leave.
Fatal accidents.

Prevention is aimed at:
1.
the human being:
 behaviour: quiet, rushed, tidy work area, accuracy, business blind
spots, pleasant atmosphere;
 acquiring knowledge and skills: training, experience, routine.
2.
the organisation:
 effective working met hoods;
 supervision by leaders.
3.
the technique:
 working with safe technical design (CE marking) machinery;
 ergonomic design of machines and tools;
 proper maintenance of tools.
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Researchers have investigated more than two million accidents. They have
discovered a relationship between different categories of accidents and
hazardous actions and hazardous situations:





Out of every 30 accidents with serious injury, there is one fatality
(1:30);
These 30 accidents with serious injury are accounted to 300
accidents with (less serious) injury and sick leave occur (1:10);
These 300 accidents with injury and neglect are accounted to 3,000
accidents with light injury without sick leave (1:10);
For every 3,000 accidents with light injury and no sick leave, 30,000
hazardous actions and hazardous situations occur (1:10).

This data has resulted in the so-called injury pyramid.
The accident pyramid makes it clear that preventing and combatting all
hazardous situations and all hazardous acts leads to fewer accidents.
Everyone, from manager to employee, must be aware that small hazards can
cause major accidents. Reporting and registering all hazardous actions and/or
situations and taking measures to prevent their repetition or increase are
essential when combating accidents. Teaching correct working methods and
attitudes is also important.

Cause and effect. Every work-related accident must be investigated. We
must find out how the accident occurred and what the consequences
were/are. The causes of accidents can come from different levels within the
company: management, supervisors, operational staff and office staff. This
wide range of cause-effect indicates that a policy must similarly be directed
to represent these different levels.

In order to gain insight into this subject, psychologist Heinrich and a safety
expert, Lateiner, developed the so-called Domino theory.
Cause and effect act like falling dominos. If one falls, the other follows. The
trick is to rapidly remove a tile so that the 'accident' domino does not fall and
therefore never happens.
Cause and effect consists of 5 tiles, or phases:
1)
2)

Background: The background consists of the situation within an
organisation.
Human error: The background leads to human error.

The basic causes of human error consist of human factors and taskassociated factors.

Human factors are those that are associated with the person who carries
out the task (don't know, can't and won't).
Examples of human factors are:





insufficient knowledge and/or skill;
insufficient experience;
insufficient motivation;
insufficient attention to detail.

Task-associated factors can be traced back to organisation at work,
communication, equipment and capabilities.
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Examples of task-associated factors are:






incorrect working method;
insufficient time to carry out tasks;
insufficient and/or incorrect leadership and supervision;
the lack of tools or equipment necessary to carry out a task;
the lack of maintenance of available tools and equipment.






Make sure the consult at ion structure for working conditions and
their representatives is well run.
Incorporate the Working Conditions policy in company procedures
and protocols.
Provide sufficient training and education.
Systematically report accidents.

The mistakes of a staff member can therefore be caused by personal reasons
or work-related reasons.
3)
4)
5)

Hazardous actions and/or situations: Hazardous act ions and/or
situations are created through human error.
Accident: an accident always occurs due to a hazardous act ion,
a hazardous situation, or a combination of both.
Injury and/or damage: the result of an accident is damage and/or
injury.

In order to prevent accidents from occurring, an organisation's policy must
concentrate on how hazardous actions and situations are approached and
dealt with. To this end, both management and supervisory staff must take
certain steps.
Possible actions which can be taken by management are:




As operational manager, you can also take action:








Plan your approach to hazardous actions and situations.
Perform periodic inspections.
Organise regular meetings to discuss health and safety issues.
Discuss problems and com plaint s regarding Working Conditions
policy during departmental and staff meetings.
Monitor staff compliance with procedures and regulations
Provide instruction and t raining on the subject of health risks in the
workplace.
Evaluate the result s of implemented points for improvement on a
regular basis, based upon the occurrence of hazardous actions and
situations.

Draw up (long-term) plans for the improvement of working
conditions.
Delegate tasks and responsibilities to company departments and
staff members.
Make sure the working conditions policy is well organised.
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HIGH-RISK TASKS

THE (T)RA AND THE LMRA. The (task-) risk analysis

Under high-risk tasks we mean the carrying out of high-risk tasks or working
in high-risk environments. High-risk tasks must be recognised and listed in
Risks Inventory & Evaluation (Rl&E) and in (Task) Risks Analysis (TRA).

A Task Risk Analysis (TRA) is implemented to map health and safety risks
which involve certain (risk-related) activities. The purpose of a task risk
analysis is to analyse and evaluate risks associated with a specific task that
is not included in the standard Rl&E. TRA allows appropriate measures to be
taken so that the health and safety of the employee is not endangered when
carrying out risk- related tasks and/or when working in a hazardous
environment.

Before high-risk tasks can be initiated, the rules of conduct must be clear. A
permit must be available and all concerned must be aware of the contents of
this permit. By way of a TRA, all hazards must be analysed in advance.
Following this, last minute risk analysis (LMRA) must be checked to see
whether preparation is satisfactory and all conditions are met.
When high-risk tasks are carried out, it is important that a supervisor is
present at the workplace, that he/she regularly checks whether work is
performed according to the guidelines, and that management guidelines are
also implemented. A leading member of staff must intervene if work is not
carried out according to these agreements.
SAFETY ASPECTS IN WORK PREPARATION
When making work preparations, one must determine whether there is a safe
method which can be used which does not cause health hazards. Elements
which make up these preparations are: time schedules for the complete job,
the order in which tasks are performed, materials, tools and machines, and
the necessary time and guidelines that are needed for a safe and healthy
execution of the task.
Prevention is better than cure. We must therefore try to prevent accidents in
as structural a manner as possible. Work preparation must also look at
preventive measures.
Preventive measures are categorised into human, organization, technology
and the environment.

A TRA must be implemented for tasks and activities where no protocols exist.
A TRA is mandatory: before new projects are initiated, when purchasing new
machines, for renovation or new construction work, when preparing and
evaluating procedures, as required in the work permit procedure and when
employing young people (under 18's), trainees and temporary workers.
Sometimes a task-risk analysis needs to be adjusted because of changes in
circumstances. Such situations may occur if the work plan is proved to be
impractical, if the correct tools are not available, if an installation uses gas,
pressure or high-voltage, or if operating conditions have changed.

The Last Minute Risk Analysis. LMRA is an abbreviation of Last Minute
Risk Analysis. It is a practical method whereby an employee can quickly
observe whether all conditions for the safe and healthy execution of the
assigned task are met within his/ her place of work. They therefore do not
need to go blindly on, hoping that all guidelines have been met, but are
actually able to see for themselves that everything is safe. When changing
tasks, the LMRA should be repeated. Hazards are mainly hidden within
routine tasks, because many people assume routine tasks are safe. Here
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especially, an LMRA is very important. Carry out your own LMRA before you
start work!




the follow-up;
evaluation of the guidelines

HSE ANNUAL PLAN AND MANAGEMENT PLAN. The Health and Safety
Annual Plan (HSE Annual Plan) is a written plan of implementation aimed at
improving working conditions. The plan includes objectives, concrete
prevention guidelines, to-be-used resources (organisational, financial and
material). the division of tasks: who does what and when (time span). and
who is responsible for their implementation. As its name suggests, the HSE
annual plan is drawn up once a year. The Rl&E is the input for the V&G annual
plan. It describes which Rl&E management guidelines should be addressed
first. A management plan is a written report containing the results of the
Rl&E or a TRA, as well as the drawing up of work floor guidelines.

15.6
A management plan is not drawn up annually; it will be drafted as and when
the occasion arises. For example, after an accident or in response to a
specific Rl&E.
The purpose of a management plan is to ensure that research results lead to
the implementation of effective guidelines, and that the repetition of incidents
is prevented.
A management plan of approach includes:





the to-be-taken measures:
necessary resources, people and (possibly) costs;
implementation time;
names of those responsible for the implementation of the to-betaken measures:

Risk management techniques

Selection of Approach. Given the different approaches to risk assessment
and the many different specific methods involved, it is not always obvious
which to select. Whilst there is no single correct approach for a specific
activity, there are approaches that are more suitable than others, and a
decision framework is helpful in the selection process.
There are broad factors that can be used to help the selection of a suitable
risk assessment approach. These key factors include:




lifecycle stage
major hazard potential
risk decision context – novelty / uncertainty / stakeholder concern
(e.g. UKOOA)
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These are key drivers for several reasons.
Lifecycle is a driver as the lifecycle stage implies greater or lesser flexibility
to change design elements, the knowledge of specific design and operational
details, and the availability of historical records. Lesser design or operational
knowledge will limit the approach to risk assessment to coarser methods.
Major Hazard Potential is relevant as the greater the potential exposure to
total loss or multiple fatality, the less desirable it is to use only conventional
rule-based approaches for decision-making.
Finally the Risk Decision Context with higher elements of novelty, uncertainty
or stakeholder concern will also push towards more thorough risk
assessment.

Once these drivers are defined, it is then feasible to select amongst the wide
range of methods for risk assessment. These include:












Hazard identification tools
Judgement
FMEA – Failure Modes and Effects Analysis
SWIFT – Structured What-If Checklist Technique
HAZOP – Hazard and Operability Study
Risk Assessment approaches
Rules based approaches: regulations, approved codes of practice,
Class Rules
Engineering judgement
Qualitative risk assessment
Semi-quantitative risk assessment
Quantitative risk assessment















Value-based approaches
Risk Assessment techniques
Qualitative (risk matrix)
Semi-Qualitative use of structured tools (fault trees, events trees) –
Bow-Tie approach
Quantitative risk assessment (coarse and detailed levels)
Stakeholder consultations
Hierarchy of Options approaches for risk reduction
Eliminate the hazard
Prevent the occurrence
Mitigate the consequences
Escape, Evacuation, Rescue and Recover
Decision making
Level within organisation and tools (design team, senior
management, judgement, cost benefit analysis)

Qualitative Risk Assessment. A qualitative risk assessment is a process
of identifying and quantifying (describing) hazards from a specific activity, in
relation to people or the environment. It is also an assessment of whether
the measures currently being applied make the risks as low as is reasonably
practicable (ALARP) or whether further measures are needed.
The word ‘qualitative’ in this case meaning ‘the personal judgement of the
person making the assessment based on his/her experience and knowledge’.
When making the assessment, the assessor can encompass a wide range of
possible events by applying a broad classification of the likelihood and
consequences (severity) for comparison purposes and to identify priorities.
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The assessment should have a broad selection of specific examples to
demonstrate compliance with relevant operational standards and good
practice. It must also quantify the extent and severity of the “worst-case”
scenario in each case.
Where risks are generally considered unacceptable, further risk reduction
measures should be considered. However, even if a particular risk is
considered acceptable, there is an obligation to reduce risk further if it is
reasonably practicable to do so.
Once the range of risks has been identified, further consideration needs to
be given to putting them in order of priority. The most serious in terms of
consequence (severity) should be at the top of the list leading down to the
least serious at the bottom. This is so that attention and resources can be
given in order of relative priority and absolute significance.
Using the qualitative approach allows the assessor to develop an
understanding of the seriousness of the risks. If it helps, the use of a scale
matrix in order to determine the risks and place them in order of priority, can
be applied.
Shared judgement is always a good thing as one person’s knowledge,
experience and judgement may not capture the full picture, nor develop a
truly comprehensive conclusion.
Consequently, it is often beneficial to gather a team of people together for
this purpose. It may be better to start the process by asking them to
undertake their own analysis independently from each other. From there, it
can then lead to a meeting where the relative risks are compared and debated
before coming up with a final conclusion.

In making a qualitative judgement on how serious a risk is we tend to look at
two parameters:









Likelihood – the probability of the risk occurring
Severity (consequence) – the impact if the risk does occur
Severity can be assessed in terms of its effect on:
Harm caused
Time
Cost
Quality
Inconvenience

There is also another parameter that should be considered: Risk proximity when will the risk occur?
Some risks may have a time window or window of opportunity during which
they will have an impact. In the oil and gas industry it is important to predict
events as much as possible so that risks can be managed and controlled.
Working through certain scenarios and working out the worst case outcomes
is a healthy exercise to undertake.
Good risk management is about making well-founded decisions based on as
much knowledge as possible. This knowledge can be inherent i.e. knowledge
and experience of the assessor(s), or it can be acquired from the risk
assessment process itself.
Under qualitative assessment techniques, both the likelihood and the severity
of any event are subjective (i.e. a personal opinion). However, in order to
mitigate the subjective element of the assessment it should be defined in
some way.
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Very often the way this is done is by using some sort of scale such as High,
Medium or Low. However, there must be enough categories to allow a level
of specificity but not so many that it makes it difficult to differentiate between
them.
Experience suggests a five points scale works well:

Likelihood can be:

Severity can be:

5.

Very likely

5.

Catastrophic

4.

Likely

4.

Major

3.

Fairly likely

3.

Moderate

2.

Unlikely

2.

Minor

1.

Very unlikely

1.

Insignificant

Semi-Quantitative Risk Assessment. This approach is the next level up
from risk matrix in terms of depth of analysis. As its name implies, it uses
techniques drawn from Quantified Risk Analysis (QRA), but does not actually
quantify the results. Thus frequency may be analysed using a modelling
technique such as Fault Tree Analysis (FTA) and consequences analysed
using Event Tree Analysis (ETA).

Quantitative Risk Assessment. QRA
Applicability – Quantitative risk analysis (QRA) is one of the most
sophisticated techniques of risk assessment, but should only be used where
it gives a clear benefit. UKOOA (1999) suggests that QRA is most appropriate
for making decisions involving risk trade-offs, deviation from standard
practice or significant economic implications. Even for these decisions, QRA
is only one of several inputs to the decision-making process, and must be
balanced against other approaches such as engineering judgement and
company values.
QRA as an engineering tool provides good understanding of the mechanisms
of accidents and the role of safeguards in terminating accident sequences.
It forces all assumptions to be explicit, and as such provides a better
understanding of uncertainty than pure judgement-based approaches.
The Safety Case Regulations explicitly require QRA to show that the
temporary refuge and means of evacuation make risks from fire and smoke
ALARP but this does not apply to marine hazards. QRA has often been
applied to ship-platform collision risks, and has proved influential in
developing good risk management practices. It is possible to apply similar
approaches to other marine hazards, although the techniques for this are
much less highly developed than QRA of fire and explosions.

Frequencies and Consequences – QRA usually maintains a clear distinction
between two important elements of risk:



The frequencies of events, i.e. their likelihood in a given time period.
The Consequence (severity) of events, i.e. the fatalities, damage or
pollution that they cause.
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A hydrocarbon leak resulting in a fire or explosion is often considered the
classic offshore accident scenario. This provides a clear distinction between
the causes and likelihood of hydrocarbon leaks (frequencies) and the effects
of fires and explosions on people, property and the environment
(consequence/severity). For most hydrocarbon leaks, the estimation of leak
frequencies can be largely independent of the modelling of fires/explosions.
For marine hazards, such distinctions between frequencies and
consequences are less clear, and each type of hazard must be considered
separately. For example, the frequency of loss of position-keeping is clearly
distinguished from its consequences. However, one of its consequences may
be a contribution to the frequency of collision. Collisions themselves have
their own consequences.
For many marine hazards, such as loss of stability, it is difficult to consider
the frequency without having defined the consequence. The risks may be
determined by defining a range of consequences and estimating the
frequency of each. Hence, for marine hazards, the frequencies and
consequences are interdependent, and the major distinction is between the
different types of hazards. Nevertheless, the methods of frequency analysis
and consequence modelling are often applicable in principle to all hazards,
and these are therefore considered separately below.

Failure Cases – Failure cases are specific hazards suitable for modelling in
the risk assessment, forming discrete representations of the range of
accidents that might occur in reality. For example, a hazard such as “ballast
system failure” might be represented by two failure cases:
1.
2.

accidental ballasting of one compartment, and
accidental ballasting of two compartments

The QRA would then attempt to estimate the frequencies and consequences
of these two events while neglecting all other types of ballast failure. Failure
cases are sometimes known as “hazardous events”, “accidental events”, “top
events”, or more accurately as “equivalent discrete failures” and sometimes
confusingly as “hazards”.
The failure cases should form the link between the hazard identification and
the QRA, but in practice the linkage is often weak and insufficiently
documented.
The selection of failure cases has an important effect on the overall risk
results. If too few failure cases are used, the risks and the benefits of risk
control options may be unreliable. Benchmarking exercises have shown that
the results from studies using too few failure cases may be several orders of
magnitude higher or lower than more detailed studies. However, if too many
failure cases are used, the QRA may be over-complex and difficult to check.

Frequency Methods – Frequency analysis involves estimating the likelihood
of occurrence of each failure case. The main approaches to estimating
frequencies are:




Historical accident frequency data. This uses previous experience of
accidents. It is a simple approach, relatively easy to understand, but
is only applicable to existing technology with significant experience
of accidents and where appropriate records have been kept.
Fault tree analysis. This involves breaking down an accident into its
component causes, including human error, and estimating the
frequency of each component from a combination of generic
historical data and informed judgement.
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Simulation. The frequencies of some types of accidents can be
predicted using simulation models. An example of this is ship
collisions, where time-domain simulation or analytical computation
can be used to estimate the frequency of collisions from the range
of ship movements in the area.
Event tree analysis. This is a means of showing the way an accident
may develop from an initiating event through several branches to one
of several possible outcomes. The technique is usually used to
extend the initiating event frequency estimated by one of the above
means into a failure case frequency suitable for combining with the
consequence models.
Human reliability analysis. This is a means of modelling the
contribution of human error to accidents, and may be used to
generate inputs for fault tree analysis, theoretical models or event
tree analysis.
Judgemental evaluation. In some cases, it may be appropriate to
select a frequency based on judgement of experienced personnel.
This may be for simple assessments, for frequent events, for events
having minimal risk, or for events where no better approach is
available.
Bayesian analysis. This is a systematic way of combining historical
data with judgements, and includes a comprehensive treatment of
uncertainties. It is used in structural reliability analysis (but is rarely
used in offshore QRA in the UK).

accident experience and population exposure, typically measured in terms of
installation-years:



Number of events
Number of installations x Years of exposure

A prime source of data on offshore marine accidents is the Worldwide
Offshore Accident Databank (WOAD). The table below shows an example
record from WOAD, illustrating the many indexing terms and the detailed free
text description.

In general, these techniques are used in combination.
Historical Data Analysis – Analysis of historical accident data forms the
foundation of many QRA’s. Frequencies are simply calculated by combining
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How risk management tools are applied in process safety risk
identification and assessment, application in project phases from
concept, design, start up, the concept of ALARP and the
management of major incident risks
At the design stage of a process, modelling is used as a means of ‘designing
out’ risks. It should also design out some of the hazards, but the major
hazard – hydrocarbon inventory – will always remain.
Modelling can also be used as a reactive modelling tool, that is to say
following an incident, to assist in identifying root causes where there is little
or no evidence remaining
Modelling is a scenario based line of questioning and generally follows the
“what if” principle. As an example, we could ask:


what if this safety valve fails to open when pressure builds up?

Other examples of modelling techniques are:






We are now going to look at each of these modelling techniques in turn.

HAZID (Hazard Identification Studies) is the process of identifying hazards,
which forms the essential first step of a risk assessment. There are two
possible purposes in identifying hazards:


Leading on from that we could ask:


what if this valve fails to open and inventory begins to leak from a
flange?”

And then


HAZID (Hazard Identification Studies)
HAZOP (Hazard and Operability Studies)
FMECA (Failure Modes and Effective Critical Analysis) / FMEA (Failure
Modes and Effects Analysis)
Fault Tree Analysis
Event Tree Analysis



To obtain a list of hazards for subsequent evaluation using other risk
assessment techniques. This is sometimes known as “failure case
selection”.
To perform a qualitative evaluation of the significance of the hazards
and the measures for reducing the risks from them. This is
sometimes known as “hazard assessment”.

“what if the inventory meets a source of ignition?”
The same techniques can be used for both, but the emphasis and
conclusions will be different.

At each stage of questioning it is possible to provide a solution to the
problem. In our case, putting in a secondary pressure relief method would
resolve the issue. Also, ensuring there are no sources of ignition whilst the
process is underway would add extra protection as well.

Hazard identification is usually a qualitative exercise based primarily on expert
judgement. Most HAZID techniques involve a group of experts, since few
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individuals have expertise on all hazards, and group interactions are more
likely to stimulate consideration of hazards that even well-informed
individuals might overlook.
Hazards are diverse, and many different methods are available for hazard
identification. Whilst some methods have become standard for particular
applications (e.g. FMEA for ballast system failures), it is not necessary or
desirable to specify which approach should be adopted in particular cases.
The methodology should be chosen by the HAZID leader to meet the
objectives as efficiently as possible given the available information and
expertise. It may be a standard technique, following an established protocol,
a modification of one, or a combination of several.

The following features are essential in any HAZID:






The HAZID should be creative, so as to encourage identification of
hazards not previously considered.
It should use a structured approach, in order to obtain
comprehensive coverage of relevant hazards without skipping less
obvious problem areas.
It should make use of accident experience, where available, so as to
capture the lessons from previous accidents.
The scope of the HAZID should be clearly defined, so as make clear
which hazards should be included and which have been excluded.

For group-based HAZID’s (such as HAZOP and SWIFT), the following are also
essential:







They should draw on the expertise of people from different
disciplines and backgrounds, including practical experience in the
activity under study where possible.
The leader should be independent of the team (i.e. an external
consultant, a risk assessment specialist or an experienced leader
from another department), and have the responsibility of preventing
“group think” suppressing creative ideas.
Conclusions and recommendations should be discussed and
documented during the group session, so that they represent the
views of the group rather than those of an individual.

A hazard review (also known as a hazard survey or safety review) is a mainly
intuitive, qualitative review of an installation to identify the hazards that are
present and to gain qualitative understanding of their significance. It is one
of the most commonly used HAZID techniques for MODUs (Ambion 1997).

A hazard review should address issues such as:




previous safety assessments - What is other people's assessment of
the hazards? For many types of installation, previous HAZIDs and
risk assessments may be sufficient give an outline appreciation of
the hazards.
survey of previous accidents - Have similar installations suffered
accidents in the past? This is one of the easiest (and most frequently
overlooked) ways of identifying hazards. It provides a simple intuitive
warning of the types of accidents that may occur, although it cannot
be comprehensive, especially for new types of installation.
Nevertheless, this is a very important first step, and ensures that the
lessons from previous accidents are not overlooked. Some
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regulations in other industries require operators to provide 5-year
accident histories for their companies, to underpin the risk
assessment.
previous experience - If the installation already exists, has it suffered
any near-misses or operating problems? Operating staff are likely to
have ideas on potential accidents based on their own experience.
Visual inspection of the installation may suggest hazards, and this
can be conducted as part of a safety audit.
hazardous materials data - What hazardous materials will be handled
on the installation? The intrinsic hazards of common materials
handled offshore such as oil, gas, condensate, H2S, diesel oil, etc.
have a major impact on the risks of the installation as a whole.
Guidelines and Codes of Practice - Does the installation conform to
good engineering practice and classification rules? Codes of practice
for design, operation and certification of offshore installations include
lessons learned from previous accidents. Complying with these
documents, therefore, ensures a common level of safety for a
standard installation. However, because they are written as guides
for design, operation or certification, these documents usually do not
specify the hazards that each measure is intended to control, and
therefore are difficult to use for identifying hazards.

The strengths of a hazard review are:




It makes use of existing experience from a wide range of sources
It can be performed by a single analyst at low cost
It requires minimal information about the installation, and so is
suitable for concept design

Its weaknesses are:




Its lack of structure makes it difficult to audit
It is limited to previous experience, and thus has limited value for
novel installations
It does not produce a list of failure cases for a QRA

Overall, this type of hazard review is an appropriate starting point for a hazard
identification process, but is insufficient on its own except for simple studies
of concepts that have been studied previously in detail.

A Hazard Checklists is a written list of questions intended to prompt
consideration of a full range of safety issues. They are used to check a design
and confirm that good practice is incorporated.
The American Petroleum Institute has developed a range of checklists for
offshore activities, mainly addressing process and drilling risks (e.g. API 14C,
14E, 14F, 14G, 14J) and a safety and environment management checklist in
API RP75. These 14 series checklists are prescriptive in style and very
detailed and are not focused on marine issues. The nearest marine
equivalent might be instructions to surveyors in marine classification surveys.
Other types of checklists are widely used in offshore risk assessments.
Generic hazard checklists consist of standard lists of hazards, or hazard
categories. Although superficially similar to API-type checklists, their focus
is more to assist the risk assessment than to check the design. They can be
created from previous risk assessments, and provide an efficient means of
generating a list of standard hazards suitable for HAZID of concept designs.
An example generic checklist of major accident hazards for offshore
installations is given below.
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Blowouts







Blowout in drilling
Blowout in completion
Blowout in production (including wire-lining, etc.)
Blowout during work-over
Blowout during abandonment
Underground blowout

Also covered under blowouts are:



Well control incidents (less severe than blowouts)
Fires in drilling system (e.g. mud pits, shale shaker, etc.)

Riser/pipeline leaks - leaks of gas and/or oil from:





Import flow-lines
Export risers
Sub-sea pipelines
Sub-sea wellhead manifolds









Process pipes, flanges, valves, pumps, etc.
Topsides flow-lines
Pig launchers/receivers
Flare/vent system
Storage tanks
Loading/unloading system
Turret swivel system

Non-process fires









Fuel gas fires
Electrical fires
Accommodation fires
Methanol/diesel/aviation fuel fires
Generator/turbine fires
Heating system fires
Machinery fires
Workshop fires

Non-process spills

Process leaks - leaks of gas and/or oil from:




Wellhead equipment
Separators and other process equipment
Compressors and other gas treatment equipment







Chemical spills
Methanol/diesel/aviation fuel spills
Bottled gas leaks
Radioactive material releases
Accidental explosive detonation
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Structural events










Structural failure due to fatigue, design error, subsidence. etc.
Extreme weather
Earthquakes
Foundation failure (including punch-through)
Bridge collapse
Derrick collapse
Crane collapse
Mast collapse
Disintegration of rotating equipment

For each vessel category, different speeds of events, such as powered and
drifting may be separated.

Marine events








Anchor loss/dragging (including winch failure)
Capsize (due to ballast error or extreme weather)
Incorrect weight distribution (due to ballast or cargo shift)
Icing
Collision in transit
Grounding in transit
Lost tow in transit

Marine collisions - impacts from:













Supply vessels
Stand-by vessels
Other support vessels (diving vessels, barges, etc.)
Passing merchant vessels
Fishing vessels
Naval vessels (including submarines)
Flotel
Drilling rig
Drilling support vessel (jack-up or barge)
Offshore loading tankers
Drifting offshore vessels (semi-subs, barges, storage vessels)
Icebergs

Dropped objects - objects dropped during:






Construction
Crane operations
Cargo transfer
Drilling
Rigging-up derricks

Transport accidents - involving crew-change or in-field transfers





Helicopter crash into sea/platform/ashore
Fire during helicopter refuelling
Aircraft crash on platform (inc. military)
Capsize of crew boats during transfer
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Personal accident during transfer to boat
Crash of fixed-wing aircraft during staged transfer offshore
Road traffic accident during mobilisation

Personal (or occupational) accidents Construction accidents - accidents
occurring during:






Construction onshore
Marine installation
Construction offshore
Hook-up & commissioning
Pipe laying

Attendant vessel accidents








Diving accidents








Loss of a life support system on a DSV
Loss of Dive Bell or ROV accident
Adverse weather affecting dive ops and divers
Vessel collision with platform during close work over
Helicopter crash on DSV’s helideck
Any reportable dive incident.
DSV in collision with other vessel within the field.

A generic list of keywords can be used to prompt consideration of such
hazards on any type of offshore installation. The following example list is not
intended to be comprehensive:

Supply vessel collision with platform during crane provision transfer
Stand by vessel in collision with other vessels entering the exclusion
zone illegally (Errant Vessel)
M.O.B (man overboard)
Deck accident during provision transfer between platform and SBV
(stand by vessel) dropped object etc.
Basket transfers between platform and vessel
Environmental accident during bunker transfer between platform and
vessel
Helicopter crash onto vessel’s helideck
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Key Word used in HAZID
Direct Fire
Loss of breathable atmosphere
Direct toxic
Explosion overpressure
Dropped objects
Vehicle collision
Structural collapse
Mechanical failure
Electrocution
Pressure/loss of containment
Water/drowning
Direct chemical
Occupational accidents
Hydrocarbon leak general

Example of Hazard
Ignited blow out
Ignited process
Fire in paint store
Smoke ingress from HVAC
Asphyxiation
Toxic gas release
Explosion from process gas leak
Dropped load from crane
Swinging load hit to process
Helicopter crash
Ship collision to legs
Crane collapse
Leg failure in design load
Extreme weather
Gas turbine rotor blade failure
Occupation accident
Air receiver failure
Unignited process vessel failure
Deluge in process
Man overboard
Drilling chemical leak
Lab chemical exposure
Trips, falls
Diesel tank failure
Process leak

Table 5: Example Generic Keyword Checklist (Ambion, 1997)

areas, but are not so prescriptive or detailed that the team is inhibited from
brainstorming novel failures.
The strengths of a generic hazard checklist are:






it makes use of experience from previous risk assessments
it helps to prevent past accidents from recurring
it promotes standard hazard categories, and facilitates comparison
between HAZIDs
it can be prepared by a single analyst at low cost
it requires minimal information about the installation, and so is
suitable for concept design

Its weaknesses are:



it is limited to previous experience, and thus may not anticipate
hazards in novel designs or novel accidents from existing designs
it does not encourage intuitive / brainstorming thinking, and so gives
less insight into the nature of the hazards on the installation.

Overall, a generic hazard checklist is useful for most risk assessments, but
should not be the only HAZID method, except for standard installations whose
hazards have been studied in more detail elsewhere.

HAZOP (Hazard and Operability Studies) are considered to be an
important tool in pre-empting any dangerous issues at a stage where they
can be addressed and dealt with. We shall now look more closely at HAZOPs.

A further type of checklist is used in SWIFT studies. Checklists within SWIFT
are more open-ended and designed to ensure the HAZID team addresses key
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An important element of any system for the prevention of major accidents is
conducting a hazard and operability study (HAZOP) at the detail design stage
of the plant in general and the operating and safety control systems in
particular. HAZOPs seek to minimise the effect of an abnormal situation in
the operation/process by ensuring that control and other safety systems,
such as functional safety (e.g. emergency safe shutdown), are in place and
work with a high level of reliability to achieve a safe outcome from a situation
that could have resulted in a major accident.
The HAZOP process is used to identify potential hazards and operational
problems in terms of plant design and human error. The technique is applied
during final design of the process and plant items before commencement of
construction.
HAZOPs have also proven to provide financial benefits to the plant
owner/operator by minimising the time and money spent in installing add-on
control and safety systems, the need for which may become evident at the
time of plant commissioning in the absence of a HAZOP.
On the operability front benefits are gained by implementing, at design stage,
the remedial recommendations to operability issues identified during the
HAZOP.
A HAZOP is a formal review of a process, its equipment and operation in
order to identify potential hazards and operational problems. The HAZOP
process assists in reducing the hazards at a facility and reduces the likelihood
of commissioning delays. Each line or equipment item of the facility is
examined systematically by a team utilising a diverse range of skills relevant
to that facility.

commencement of operations. Savings in resources from commissioning
time to lives can be expected to more than offset the costs of carrying out
the study and the cost of implementing recommendations.
The procedure also provides an excellent two-way communication tool
between the designer(s) and the operator(s), as well as providing training for
key prospective production staff, in the case of new plant.
Essentially, the HAZOP examination procedure systematically questions
every part of a process or operation to discover qualitatively how deviations
from normal operation can occur and whether further protective measures,
altered operating procedures or design changes are required.
The examination procedure uses a full description of the process which will,
almost invariably, include process and instrumentation diagrams (P&ID) or
equivalent, and systematically questions every part of it to discover how
deviations from the intention of the design can occur and determine whether
these deviations can give rise to hazards.
The questioning is sequentially focused around a number of guide words
which are derived from method study techniques. The guide words ensure
that the questions posed to test the integrity of each part of the design will
explore every conceivable way in which operation could deviate from the
design intention.
Some of the causes may be so unlikely that the derived consequences will
be rejected as not being meaningful. Some of the consequences may be
trivial and need be considered no further. However, there may be some
deviations with causes that are conceivable and consequences that are
potentially serious. The potential problems are then noted for remedial action.

This group 'brainstorming' approach, using a series of 'what if' type
questions, is effective in early identification of problems before
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The immediate solution to a problem may not be obvious and could need
further consideration either by a team member or perhaps a specialist. All
decisions taken must be recorded.
The main advantage of this technique is its systematic thoroughness in failure
case identification. The method may be used at the design stage, when plant
alterations or extensions are to be made, or applied to an existing facility.

Let’s now look at an example of the logical sequence of steps in conducting
a HAZOP.

Typically, a member of the team would outline the purpose of a chosen line
in the process and how it is expected to operate. The various guide words
such as MORE are selected in turn. Consideration will then be given to what
could cause the deviation.
Following this, the results of a deviation, such as the creation of a hazardous
situation or operational difficulty, are considered. When the considered
events are credible and the effects significant, existing safeguards should be
evaluated and a decision then taken as to what additional measures could be
required to eliminate the identified cause. A more detailed reliability analysis
such as risk or consequence quantification may be required to determine
whether the frequency or outcome of an event is high enough to justify major
design changes.
The effectiveness of a HAZOP will depend on:












the accuracy of information (including P&IDs) available to the team
— information should be complete and up-to-date
the skills and insights of the team members
how well the team is able to use the systematic method as an aid to
identifying deviations
the maintaining of a sense of proportion in assessing the seriousness
of a hazard and the expenditure of resources in reducing its
likelihood
the competence of the chairperson in ensuring the study team
rigorously follows sound procedures
Key elements of a HAZOP are:
HAZOP team
full description of process
relevant guide words
conditions conducive to brainstorming
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recording of meeting
follow up plan




HAZOP – Team Members. The group carrying out the HAZOP will typically
consist of a team of approximately five to eight people. Team members
should possess a range of relevant skills to ensure all aspects of the plant
and its operations are covered. Engineering disciplines, management, and
plant operating staff should be represented. This will help prevent possible
events from being overlooked through lack of expertise and awareness.
It is essential that the chairperson is experienced in HAZOP techniques. This
will ensure that the team follows the procedure without diverging or taking
short-cuts.
Apart from the chairperson, it is important that the study team be highly
familiar with the information contained in the P&ID of the plant or alternative
description of the process being considered. For existing plant, the group
should include experienced operational and maintenance staff.



•
Electrical engineer - usually the engineer who was
responsible for design of the electrical systems in the plant
Instrument engineer - the instrument engineer who designed and
selected the control systems for the plant
Operations manager - preferably the person who will be in charge of
the plant when it moves to the commissioning and operating stages

HAZOP – Process Guide Words
The following are examples of guide words used in a HAZOP analysis. It is
not meant to be an exhaustive list.
Guide Words
FLOW – HIGH

LOW

LEVEL – HIGH

LOW

ZERO

REVERSE

PRESSURE – HIGH
TEMPERATURE – HIGH

A HAZOP team assigned to consider a new chemical plant could comprise:






Chairperson - an independent person who has a sound knowledge
and experience of HAZOP techniques. Some understanding of the
proposed plant design would also be beneficial
Design engineer - the project design engineer, usually mechanical,
who has been involved in the design and will be concerned with
project cost
Process engineer — usually the chemical engineer responsible for
the process flow diagram and development of the P&IDs

CONTAMINATION

The following are examples of guide words and process variables used when
conducting scenarios in a HAZOP analysis. It is not meant to be an exhaustive
list.
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Guide Word
NO
MORE

Meaning

Comment

Complete negation of e.g.
of INTENTION

NO forward flow when there
should be

Quantitative increase

MORE of any relevant physical
property than there should be
(e.g. higher flow, temperature,
pressure, viscosity etc. Also
actions such as heat and
reaction)

LESS

Quantitative decrease

LESS of (as above)

AS WELL AS

Quantitative increase

All design and operating
INTENTIONS are achieved
together with some additions
(e.g. impurities, extra phase
etc.)

PART OF

Quantitative decrease

Only some of INTENTIONS are
achieved. Some are not

REVERSE

Opposite of INTENTION

Reverse flow or chemical
reaction (e.g. inject acid instead
of alkali in PH control)

OTHER THAN

Complete substitution or
miscellaneous

No part of original INTENTION
achieved, something different
occurs. Also start-up,
shutdown, alternative mode of
operation, catalyst change,
corrosion, etc.

HAZOP – Possible Outcomes
The HAZOP will result in a report which will conclude an analysis of the main
findings of the team and a list of actions arising therefrom. Examples might
include:







Install high flow alarm. A flow controller fault may signal a valve to
pass more than the necessary quantity, resulting in flooding of L6,
thereby slowing the heating process. Although adverse effects are
unlikely, the poor operation of the plant could be minimised by
installing a high flow alarm for early operator intervention.
Install high level alarm. A level controller fault may result in flooding
of with slowing of operation (see above). An independent alarm at a
level above the normal control level, but below the danger level, can
alert the operator to take early action.
Install low level alarm to ensure early operator intervention and avoid
production losses. No adverse consequences.
Install pressure indicator and high pressure alarm to close the natural
gas supply valve to furnace. High pressure is possible due to several
causes, one of which is the failure of cooling water to the condenser.
Although the condenser vent will act as a relief valve, this is not
desirable.
Source HAZOP Guidelines NSW Government
Department of Planning

The strengths of HAZOP are:



it is widely-used and its advantages and disadvantages are wellunderstood
it uses the experience of operating personnel as part of the team
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it is systematic and comprehensive, and should identify all hazardous
process deviations
it is effective for both technical faults and human errors
it recognises existing safeguards and develops recommendations for
additional ones
the team approach is particularly appropriate to marine hazards in
offshore operations requiring the interaction of several disciplines or
organisations

Its weaknesses are:






its success depends on the facilitation of the leader and the
knowledge of the team
it is optimised for process hazards, and needs modification to cover
other types of hazards
it requires development of procedural descriptions which are often
not available in appropriate detail. However, the existence of these
documents may benefit the operation
documentation is lengthy (for complete recording)

component in turn, subjectively evaluating the effects and criticality (i.e.
importance) of a failure there.
The analysis uses a form that begins with a systematic list of all components
in the system, and typically includes:











Component name.
Function of component.
Possible failure modes.
Causes of failure.
How failures are detected.
Effects of failure on primary system function.
Effects of failure on other components.
Necessary preventative/repair action.
Rating of frequency of failure.
Rating of severity (i.e. consequence) of failure.

Overall, HAZOP has become a standard tool for process plant design
offshore, and procedural HAZOP is widely used for simultaneous operations
and assessment of evacuation systems. However, other HAZID techniques
may be more efficient for many marine hazards.

A FMEA (Failure Modes and Effects Analysis) (or its simpler form,
FMEA) is a systematic method of identifying the failure modes of a
mechanical or electrical system. Typically, one or two analysts consider each
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Failures are rated as critical if they have high frequency or severity ratings.
In these cases, special protection measures may be considered.

Example Extract from an FMEA
Filling ballast tanks under gravity
Ref

1BF

1BF

2BF

3BF

System /
Equip Failure

Cause

Sea Chest

1.

Sea Chest

Sea Chest

Sea Chest

Blocked

2. Loss of sea
chest grid
integrity

1. Partial
blockage

1. Leak at sea
chest

Effect

Detection

Tanks do not fill.
Reduced stability, change
of heel / trim increased
hull stress

• Valve position indicators

Ingress of foreign bodies
possible blockage of
control valves and suction
piping. Tanks do not fill.
Build up of debris in
system. Reduced
stability, change of heel /
trim increased hull stress

• Valve position indicators

Reduced filling rate

• Valve position indicators

• Ballast tank level radar /
sounding system
• If severe, angle of heel /
trim

• Ballast tank level radar /
sounding system
• If severe, angle of heel /
trim

• Ballast tank level radar /
sounding system
Loss of ballast control in
affected tank. Change of
heel / trim

• Valve position indicators
• Ballast tank level radar /
sounding system

An example extract from an FMEA of a ballast system is shown below. The
column headings are based on the US Military Standard Mil Std 1629A, but
with modifications to suit the particular application. For example, the failure
mode and cause columns are
combined. The criticality of each
Work Sheet
failure is ranked as minor, incipient,
degraded or critical.

Mitigation –
Compensation –
System Response Safeguards

Overall assessment

i. Clean chest with
steam

In a worst case where
failure was not acted
upon quickly then a
degraded state could
arise where the ballasting
operation of several tanks
could be affected

D

In a worst case where
failure was not acted
upon quickly then a
degraded state could
arise where the ballasting
operation of several tanks
could be affected

D

Overall effect considered
incipient due to detection
ability and redundancy

I

Loss of control in a tank is
considered as degrading

D

ii.Redundancy 3 other
sea chests

i. Clean chest with
steam
ii.Redundancy 3 other
sea chests

i. Clean chest with
steam
ii.Redundancy 3 other
sea chests
i. Continuously
pumped to maintain
correct level

Overall
criticality

The strengths of FMECA are:
 it is widely-used and wellunderstood
 it can be performed by a single
analyst
 it is systematic and comprehensive,
and should identify hazards with an
electrical or mechanical basis
 it identifies safety-critical equipment
where a single failure would be
critical for the system

ii.Isolate with sea
chest blanks
iii.Equalise to exterior
sea height in
affected tank
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Its weaknesses are:






its benefit depends on the experience of the analyst.
it requires a hierarchical system drawing as the basis for the analysis,
which the analyst usually has to develop before the analysis can start.
it is optimised for mechanical and electrical equipment, and does not
apply to procedures or process equipment.
it is difficult for it to cover multiple failures and human errors.
it does not produce a simple list of failure cases.

Overall, FMECA is useful for safety-critical mechanical and electrical
equipment, notably MODU ballast systems, but should not be the only HAZID
method. Most accidents have a significant human contribution, and FMECA
is not well suited to identifying these.
As FMECA can be conducted at various levels, it is important to decide before
commencing what level will be adopted as otherwise some areas may be
examined in great detail whilst others are examined at the system level
without examining the components. If conducted at too deep a level, FMECA
can be time-consuming and tedious, but it leads to greater understanding of
the system.

Fault Tree Analysis (FTA) is a logical representation of the many events
and component failures that may combine to cause one critical event (e.g. a
system failure). It uses ‘logic gates’ (mainly AND or OR gates) to show how
‘basic events’ may combine to cause the critical ‘top event’. The top event
would normally be a major hazard such as “loss of position keeping”. The
possible consequences would be estimated separately.

FTA has several potential uses in offshore QRA:





In frequency analysis, it is commonly used to quantify the likelihood
of the top event occurring, based on estimates of the failure rates of
each component. The top event may be an individual failure case,
or a branch probability in an event tree.
In risk presentation, it may also be used to show how the various
risk contributors combine to produce the overall risk.
In hazard identification, it may be used qualitatively to identify
combinations of basic events that are sufficient to cause the top
event, known as ‘cut sets’

Construction usually starts with the top event, and works down towards the
basic events. For each event, it considers what conditions are necessary to
produce the event, and represents these as events at the next level down. If
any one of several events may cause the higher event, they are joined with
an OR gate. If two or more events must occur in combination, they are joined
with an AND gate. Lees (1996) gives a good review of this.

If quantification of the fault tree is the objective, downward development
should stop once all branches have been reduced to events that can be
quantified. If the tree is simple and each event only occurs once, the
frequency of the top event can be determined manually using the appropriate
formulae (e.g. CCPS 1989). More commonly, computer programs are used.
CMPT (1999) gives sources for such programs.
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The strengths of fault tree analysis are:






it is widely used and well accepted.
it is suitable for many hazards in QRA that arise from a combination
of adverse circumstances.
it is often the only technique that can generate credible likelihoods
for novel, complex systems.
it is suitable for technical faults and human errors.
it a clear and logical form of presentation.

Fault Tree Analysis Chart:

Its weaknesses are:








the diagrammatic format discourages analysts from stating explicitly
the assumptions and conditional probabilities for each gate. This can
be overcome by careful back-up text documentation.
it soon becomes complicated, time-consuming and difficult to follow
for large systems
analysts may overlook failure modes and fail to recognise common
cause failures (i.e. a single fault affecting two or more safeguards)
unless they have a high level of expertise and work jointly with the
operator.
all events are assumed to be independent.
it loses its clarity when applied to systems that do not fall into simple
failed or working states (e.g. human error, adverse weather, etc.).

Event tree analysis (ETA) is a logical representation of the various events
that may follow from an initiating event (e.g. a component failure). It uses
branches to show the various possibilities that may arise at each step. It is
often used to relate a failure event to various consequence models. It may
also be used to quantify system failure probabilities, where several
contributory causes can only arise sequentially in time.
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Construction starts with the initiating event and works through each branch
in turn. A branch is defined in terms of a question (e.g. ‘Protective device
fails?’). The answers are usually binary (e.g. ‘yes’ or ‘no’), but there can also
be multiple outcomes (e.g. 100%, 20% or 0% in the operation of a control
valve). Each branch is conditional on the appropriate answers to the previous
ones in the tree.
Usually an event tree is presented with the initiating events on the left and
the outcomes on the right. The questions defining the branches are placed
across the top of the tree, with upward branches signifying ‘yes’ and
downward ones for ‘no’.
Event Tree Analysis Chart:

Quantification of an event tree is relatively simple, and is readily performed
by hand, although spreadsheets or computer models are increasingly used
to automate the multiplication task.
A probability is associated with each branch, being the conditional probability
of the branch (i.e. the answer ‘yes’ or ‘no’ to the branch question) given the
answers of all branches leading up to it. In each case, the sum of the
probabilities of each branch must be unity. The probabilities of each outcome
are the products of the probabilities at each branch leading to them. The
sum of the probabilities for all outcomes must be unity as well. This provides
a useful check on the analysis. An example of ETA applied to a marine hazard
is shown above.

The strengths of event tree analysis are:






it is widely used and well accepted.
it is suitable for many hazards in QRA that arise from sequences of
successive failures.
it a clear and logical form of presentation.
it is simple and readily understood.
ETA is a simple but effective technique, suitable for many
applications.

Its weaknesses are:



it is not efficient where many events must occur in combination, as
it results in many redundant branches.
all events are assumed to be independent.
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it loses its clarity when applied to systems that do not fall into simple
failed or working states (e.g. human error, adverse weather, etc.).

ALARP (As Low As Reasonably Practicable). In an ideal world there
would be no risks. However, the reality is that risk is always present in one
form or another. What we can do is to reduce that risk to an acceptable level
which is where the phrase “as low as reasonably practicable” comes in.

In other words, employers are required to adopt safety measures unless the
cost (in terms of money, time or trouble) is grossly disproportionate to the
risk reduction. Once all such measures have been adopted, the risks are said
to be ALARP.
Despite the references to “computation” in the legal judgement above, most
decisions about reasonable practicability were based on subjective
judgement of HSE inspectors, and on guidance published by the HSE to
define what is reasonably practicable in specific areas.

In order to describe what this means, a set of scales is often used to depict
the cost of applying the measures to reduce the risk against the risk itself.
The ALARP principle originated as part of the philosophy of the UK Health
and Safety at Work etc. Act 1974, which requires “every employer to ensure,
so far as is reasonably practicable, the health, safety and welfare of all his
employees”. This remains the basis of the approach by the HSE for risk
management in the UK.
The term “reasonably practicable” has a particular meaning drawn from legal
precedent Asquith (1949):
“Reasonably practicable” is a narrower term than “physically possible” and
implies that a computation must be made in which the quantum of risk is
placed in the one scale and the sacrifice involved in the measures necessary
for averting the risk (whether in money, time or trouble) is placed in the other,
and that, if it be shown that there is a gross disproportion between them the risk being insignificant in relation to the sacrifice - the defendants
discharge the onus on them [of proving that compliance was not reasonably
practicable]. This computation falls to be made by the owner at a point of
time anterior to the accident.

In the oil and gas industry the risk in terms of fire and explosion and the
consequential threat to human life is very high. Consequently, the level of
what is regarded as ‘reasonable’ is much higher than in other industries and
it is justifiable to apply more controls than might be expected in a lower risk
industry.
The final word on whether or not controls used to reduce the risk to actually
are “as low as reasonably practicable” is with the Health and Safety Inspector
or the courts if an incident happens.
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Management of Major Incident Risks. Managing major incident risks
should take a hierarchical approach, taking account of the effect of each
measure in a balanced and integrated way. The recommended hierarchy is:
1.
2.
3.
4.
5.

elimination and minimisation of hazards by design (inherently
safer design)
prevention (reduction of likelihood)
detection (transmission of information to control point)
control (limitation of scale, intensity and duration)
mitigation of consequences (protection from effects)

Inherently safer design and measures to prevent and control major accident
hazards merit the highest priority, because of their greater effectiveness and
dependability in reducing risk compared with systems of work and similar
procedural measures.
For a new installation, the greatest scope to eliminate or minimise hazards is
at the design stage. The design process should address all contributors to
risk from major accident hazards, with emphasis on the most significant
risks. Risks should be reduced to ensure compliance with the relevant
statutory provisions primarily through sound engineering design, supported
by appropriate management controls and human factors assessment. For
existing installations, the scope for increasing inherent safety or for
prevention or control is more limited, but should still be addressed.
In explaining the measures taken to manage major accident hazards, the
safety case should consider the effects from fire, explosion and toxic gas,
and from events such as loss of stability or station keeping ability, which have
the potential to affect the integrity of the installation.

explosion and subsequent fires at Buncefield in December 2005 fortuitously
caused no fatalities but had a huge impact on local residents and businesses,
as well as on communities further away.
Whilst this incident was land-based and the detailed recommendations are
associated with responding to land-based incidents, the same general
principles apply to offshore installations with the detail adjusted to meet the
criteria of offshore installations.
We have reproduced the main recommendations of the Buncefield Report on
the following below.

Recommendation 1
Operators of Buncefield-type sites should review their emergency
arrangements to ensure they provide for all reasonably foreseeable
emergency scenarios arising out of credible major hazard incidents, including
vapour cloud explosions and severe multi-tank fires that, before Buncefield,
were not considered realistically credible. The Competent Authority should
ensure that this is done.
The main principle here is to conduct a review of emergency arrangements
to ensure they provide for all reasonably foreseeable emergency scenarios
arising out of credible major incidents. The extent of the word ‘credible’ to
be widened to include scenarios that might have previously been regarded
as not realistic.

When it comes to managing the risks associated with major incident, learning
from previous incidents is by far and away the best course of action. The
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Recommendation 2
The Competent Authority should review the existing COMAH guidance on
preparing on-site emergency plans. This guidance needs to reflect the HSE’s
Hazardous Installations Directorate (HID)7 Chemical Industries Division
inspection manual used by inspectors to assess the quality of the on-site plan
in meeting the COMAH Regulations. In particular, reference should be made
to the need to consult with health advisors and emergency responders.
The main principle here is to ensure an external, independent authority
reviews the guidance on existing emergency plans. These plans should
include the need to consult with health advisors and emergency responders.

Recommendation 3
For Buncefield-type sites, operators should review their onsite emergency
plans to reflect the revised guidance on preparing on-site emergency plans
as per Recommendation 2. The Competent Authority will need to check that
this is done.
The main principle here is that the operator implements the guidance given
in recommendation 2.

Recommendation 4
Operators should review and where necessary revise their on-site emergency
arrangements to ensure that relevant staff are trained and competent to
execute the plan and should ensure that there are enough trained staff
available at all times to perform all the actions required by the on-site
emergency plan.

The main principle here is to ensure all relevant staff are fully trained and
competent enough in order to implement the emergency plan if and when
needed. The operators need to ensure that they have enough trained staff
available at all times.

Recommendation 5
For Buncefield-type sites, operators should evaluate the siting and/or suitable
protection of emergency response facilities such as the emergency control
centre, firefighting pumps, lagoons or manual switches, updating the safety
report as appropriate and taking the necessary remedial actions.
The main principle here is to ensure the control centre, which will be used in
any emergency situation, is sited and suitably protected in an emergency
situation. Similarly, any emergency response facilities are also appropriately
sited. The safety report should be updated to reflect any changes
implemented.

Recommendation 6
Operators should identify vulnerable critical emergency response resources
and put in place contingency arrangements either on or off site in the event
of failure at any time of the year and make appropriate amendments to the
on-site emergency plan. This should include identifying and establishing an
alternative emergency control centre with a duplicate set of plans and
technical information.
The main principle here is to identify all critical emergency response
resources and put in place contingency plans to cover for their failure.
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Recommendation 7
For COMAH sites, if the operator relies on an off-site Fire and Rescue Service
to respond, the operator’s plan should clearly demonstrate that there are
adequate arrangements in place between the operator and the service
provider. The Competent Authority will need to check that this is done.
The main principle here is that adequate arrangements have been made with
all external emergency services in order to deal swiftly and fully to any
emergency situation.

Recommendation 8
COMAH site operators should review their arrangements to communicate
with residents, local businesses and the wider community, in particular to
ensure the frequency of communications meets local needs and to cover
arrangements to provide for dealing with local community complaints. They
should agree the frequency and form of communications with local
authorities and responders, making provision where appropriate for joint
communications with those bodies.
The main principle here is to ensure the operator communicates regularly
with any external stake holder who may be affected by the activities of the
operator. In the case of offshore installations, this may include the coast
guard and air traffic control.

Cabinet Office to integrate the COMAH guidance and the CCA Communicating
with the public(Ref 9) guidance, so that communications regarding COMAH
sites are developed jointly by the site operator and the local emergency
responders.
The main principle here is that the authorities should give any assistance
necessary in helping the operator comply with Recommendation 8.

In summary, managing the risk of major incidents should include:









a widening of the type of incident planned for.
ensuring that those plans are reviewed by an external, independent
agency.
ensuring that relevant staff are fully trained and competent and that
there are adequate competent staff available at all times in order to
deal with any incident.
ensuring that any response facilities are positioned in a suitable
location where they will be able to function in the case of an incident.
identifying all critical emergency response resources and having
contingency plans in place to cover for their failure.
having adequate arrangements in place with all external emergency
services so that they can deal appropriately with any incident.
communicating regularly with any external stake holder who may be
affected by the activities of the operator.

Recommendation 9
The Competent Authority should review the COMAH guidance to assist
operators in complying with Recommendation 8 and should work with the
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Industry related process safety standards, inherent safe and risk
based design concepts, engineering codes and good practice

Industry related process standards. Because the oil and gas industry is a
multi-national operation, it has to take into consideration both national and
international laws and codes of practice. Many governments throughout the
world have their own dedicated government departments or organisations
that are responsible for developing, enforcing and monitoring health and
safety in general. However, these organisations also tend to work with the
industries which have the higher risks (such as oil and gas) in order to
develop legislation and codes of practice to manage those risks.
The result of the oil and gas industry’s global involvement at government
level is the now substantial commonality between nations on the minimum
acceptable standards for these industries.
Another feature of the oil and gas industry is that it tends to be dominated by
major multi-national companies which, in the absence of local legislation and
guidance, use the tried and tested risk management models which they have
established over time.
Also, organisations like OSHA, HSE, etc. have worked closely with industry
to develop good practice.
Industry sectors have also set up their own bodies which provide a forum for
the exchange of ideas as well as notification of hazards or the development
of different working practices.

Inherent safe and risk based design concepts. Inherently safer plant uses
design measures to achieve hazard elimination, prevention and reduction.
The classic definition of an inherently safe plant or activity is one that cannot,
under any circumstances, cause harm to people or the environment. This
may be because:




it only uses materials that are harmless.
it has such small inventories of hazardous materials that these are
insufficient to cause significant harm even if released.
the hazardous materials are held in a form, or under conditions, that
render them effectively harmless (diluted, at ambient temperatures
and pressures).

The same principles could be applied to hazardous equipment, in that
inherently safe equipment would not involve high energy systems such as
pressure, vacuum, or high speed rotation.
In practice such an ideal plant or process rarely exists, and it is often the very
nature of materials that makes them so useful to us for our energy and
manufacturing. It is therefore more helpful to think in terms of inherently
safer plant or processes, that it is those that by comparison involve less
inherent hazards.
It is also recognised that reducing the complexity of the plant design and
operation can make accidents less likely, resulting in a friendlier plant as there
is less equipment to go wrong and less opportunity for human error. This is
something considered to be part of a wider definition of inherently safer.
The main thrust behind these approaches is to help designers strike a better
balance between hazard avoidance, prevention, control and mitigation, and
to encourage the use of basic design features to achieve this rather than over
reliance on ‘add-on’ activity and passive systems, such as Emergency Shut
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Down (ESD) systems and fire walls, that can and do fail. The relationship
between these approaches can be seen in the overall framework for hazard
management in design presented in the diagram below.
The objective of good design should be to manage the hazards by means
towards the upper left of the table rather than those at the lower right.
A Framework for Hazard Management Design
Principle

Control

Inherent Design
Measures
Design to fully contain hazard
within design envelope (e.g.
design for maximum pressure)

Design process to be self limiting
(e.g. limit heat transfer capacity
or temperature of heating
medium to slow down thermal
runaway)
Design process so deviation /
errors are obvious / easy to
detect and remedy

Mitigation

Design to limit or reduce
magnitude of hazard if realised
(e.g. reduce inventory, reduce
pressure, use less hazardous
material)
Design to limit / reduce effects of
hazard if realised (e.g. good
layout, segregation, natural
ventilation)

Add-on Passive
Measures

Add-on Active
Measures

Procedural
Measures

Measures to control the
severity of the hazard or
stop the chain of events
before it becomes an
accident which do not
require initiation (e.g.
flow restriction orifices,
good natural ventilation,
use of non-sparking
electrical equipment)

Measures to control the
severity of the hazard or
stop the chain of events
before it becomes an
accident which require
initiation (e.g. feed
isolation systems; high
pressure, temperature
and level trips, pressure
relief valves)

Manual measures to
control the severity of the
hazard or stop the chain
of events before it
becomes an accident
(e.g. manually initiated
blow-down or isolation)

Measures to limit the
magnitude or effects of a
hazard once realised (i.e.
as an accident) which do
not require initiation(e.g.
fire and blast walls,
structural fire protective
coatings)

Measures to limit the
magnitude or effects of a
hazard once realised (i.e.
as an accident) which
require initiation(e.g. fire
water deluge, water
mists for explosion
suppression)

Manual measures to limit
the magnitude or effects
of a hazard once realised
(i.e. as an accident)
(e.g. manual fire fighting)

% Predicted Fatality Rate by Major Hazards – by Hazard
Source
Process

38.8%

Blowout

2.0%

Riser / Pipeline

1.6%

Structural – Mobile Installation

23%

Structural – Fixed Installation

1.7%

Collision

11.2%

Helicopters

21.8%

Table 6: % of predictable fatality rate by major hazards

The main hazards on offshore installations are the process fluids and
processing operations, the sea environment and the process links between
the reservoir installations. A recent study by the HSE shows that process
and structural failure incidents account for almost 70% of the risk to
personnel offshore. The contributions to risk found in the study are
presented below.

There is little that can be done to eliminate or reduce the environmental
hazards, except building the installation onshore or on an artificial island and
using horizontal drilling to reach the reservoir. However, some structural
designs may be inherently more stable or resistant to environmental
conditions or more able to withstand damage, and could therefore be seen
as inherently safer.
Connections to the reservoir and pipelines are also fundamental
requirements, but perhaps these can use transport systems that allow better
isolation or flow control (e.g. multiphase pumps, simpler subsea/down-hole
isolation and flow restrictions systems).
Good opportunities for applying inherently safer design exist in the
processing of the reservoir fluids. In the extreme it may be possible in the
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future to avoid processing offshore completely, using subsea multiphase
pumping systems to bring the fluids to the beach where they can be
processed at a terminal.
Onshore processing and gas compression should be far more inherently
safer than offshore processing, since separation distances can be used to
keep people well away from the effects of hazards, and the main offshore
structural risks are eliminated. In the meantime advances in technology and
careful specification of equipment and layout can help reduce the inventories
of hazardous materials on the installation and protect people from the effects
of the hazards.
The main sources of major hazard in offshore processing are the inventories
of flammable materials in the risers (and in associated pipelines or the
reservoir), slug catchers, separators, contactors, and heat exchangers, and
the high pressures and inertia in high speed rotating equipment such as
turbines, compressors, export pumps, and reinjection pumps. These then
should be the main targets for inherently safer approaches.

Industry Related Process Safety Standards
Typical Main Sources of Platform Hydrocarbon Inventories - % of total inventory

Oil and Gas Production Platform
Separation

45%

Oil Coalescer

38%

Oil Export

6%

Compression

5%

Gas Production Platform
Slug Catcher

37%

Separation

26%

Compression

18%

Other Sources of Inventory
Risers

Varies – but could be as high as ‘on platform inventory. Gas risers
usually in tonne quantities, oil risers in 100 tonne quantities.

Glycol for gas drying

In tonne to 10 tone quantities

Methanol for hydrate control

Diesel fuel

In tonne to 10 tone quantities

On 10 tonne to 100 tone quantities

Note – Above data taken from various confidential sources and is for illustrative purposes only

With many safety improvements, there are some trade-offs required between
the costs of the improvement and the risk benefits it brings. This is often
because the safety improvement is an ‘add-on’ measure which only serves a
safety function, and adds little, if anything, to the effectiveness of the process
or strength of the structure. The cost of such a system can therefore only
be justified if it brings about a worthwhile improvement in safety.
However, if the safety function can be achieved by some integral part of the
process or structure, then the cost of this is ‘shared’, and any improvement
could bring other benefits as well as those for safety. This idea of integrating
the safety function into the basic plant design is what inherent safety is all
about.
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Some inherent safety approaches can bring a win-win situation where safety
enhancements are achieved as well as cost savings or improvements in
process/structural performance. For example, the elimination of, or
reduction in size of, equipment can lead to the use of simpler, smaller, more
compact equipment which offers the promise of reduced hazard and risks,
reduced weight and space requirements and less maintenance. In this way
an inherently safer approach to design can provide the most cost-effective
route to safety.
Given the cost implication of weight, space, and maintenance offshore,
inherently safer designs may be of more value to the offshore industry than
to the onshore chemical and process sectors.
Also, there are often conflicting requirements of the design, so an
improvement in one aspect may be at the expense of performance in another.
This applies to different aspects of safety, e.g. containment vs. natural
ventilation for gas leak and explosion overpressure relief, as well as between
safety and production for example.
Adopting an inherent approach to safety perhaps offers the best chance to
eliminate or find the best compromises to these conflicts, by addressing the
problems in the fundamental design.

The Fire and Blast Information Group (FABIG) has established a Process
Safety Management (PSM) standard for those industries pertaining to
chemicals. The process in PSM means activity involving a highly hazardous
chemical including using, storing, manufacturing, handling or moving such
chemicals at the site or a combination of these activities.

The PSM applies to a process which involves a chemical at or above specified
threshold quantities as listed in the Appendix to the standard. It also includes
flammable liquids and gases in quantities of 10,000 pounds (4,535.9 kg) or
more.

Process Safety Information. The Regulations state that the employer shall
complete a compilation of written process safety information before
conducting any process hazard analysis required by the standard. The
compilation will enable the employer to identify and understand the hazards
posed by those processes involving highly hazardous chemicals.
Process safety information must include information on:





hazards of the highly hazardous chemicals used or produced by the
process (e.g. toxicity, physical data, reactivity data, corrosivity
data)
the technology of the process (e.g. block flow diagram, maximum
intended inventory, evaluation of consequences of deviations) and
the equipment in the process (e.g. materials of construction, piping
and instrument diagrams, design codes and standards employed)

Process Hazard Analysis (PHA). The Regulations require the employer to
perform an initial process hazard analysis on processes covered by the
standard. The methodology selected must be appropriate to the complexity
of the process and must identify, evaluate, and control the hazards involved
in the process.

Application
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Methods to determine and evaluate the hazards of the process are specified
in the standard and include What-if analysis, Checklist, Hazard and Operability
study (HAZOP) and Failure Mode and Effects Analysis (FMEA).

The process hazard analysis must address the following:







The hazards of the process
Identification of any previous incident which had a likely potential for
catastrophic consequences in the workplace
Engineering and administrative controls applicable to hazards, their
inter-relationships and consequences of failure
Facility siting
Human factors
Evaluation of effect of failure of controls

The regulations also state that the analysis shall be performed by a team with
the necessary expertise both of the process and the analysis method.
In addition, the PHA shall be updated and revalidated every 5 years by a team
with similar expertise.

The procedures shall include the steps for each operating phase (e.g. initial
start-up, normal operations, emergency shutdown, etc.), the operating limits
(e.g. consequences of deviation) and safety and health considerations.
The procedures must be available to all employees who work in or maintain
a process and shall be reviewed as often as necessary to ensure that they
reflect current operating practice.
The employer is required to certify annually that the operating procedures
are current and accurate.

Pre-start up Safety Review
A pre-start up safety review shall be performed for new facilities and for
modified facilities when the modification is significant enough to require a
change in the process safety information.
The review shall confirm that:




Operating Procedures. The Regulations require the employer to develop
and implement written operating procedures, consistent with the process
safety information, that provide clear instructions for safety conducting
activities involved in each covered process.



construction and equipment are in accordance with design
specifications
safety, operating, maintenance, and emergency procedures are in
place and are adequate
a process hazard analysis has been performed for new facilities and
recommendations have been resolved or implemented before start
up, and modified facilities meet the management of change
requirements
training of each employee involved in operating a process has been
completed
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Mechanical Integrity. The employer must establish and implement written

Incident Investigation. The Regulations state that each incident which

procedures to maintain the ongoing integrity of process equipment.
Inspection and testing must be performed on process equipment, using
procedures that follow recognised and generally accepted good engineering
practices.

resulted in, or could reasonably have resulted in, a catastrophic release of
highly hazardous chemical in the workplace shall be investigated.

PSM mechanical integrity requirements apply to the following equipment:







Pressure vessels and storage tanks
Piping systems (including piping components such as valves)
Relief and vent systems and devices
Emergency shutdown systems
Controls (including monitoring devices and sensors, alarms, and
interlocks)
Pumps

Management of Change. Written procedures to manage changes (except
for “replacements in kind”) to process chemicals, technology, equipment,
and procedures, and change to facilities that affect a covered process, must
be established and implemented. These written procedures must ensure that
the following considerations are addressed prior to any change:






Such an incident investigation must be initiated as promptly as possible, but
not later than 48 hours following the incident. A system must be established
to promptly address and resolve the incident, report findings and
recommendations. Resolutions and corrective actions must be documented
and the report reviewed by all affected personnel whose job tasks are
relevant to the incident findings. The employer must keep these incident
investigation reports for 5 years.

Emergency Planning and Response. An emergency action plan for the
entire plant must be developed and implemented in accordance with the
provisions of other OSHA rules (29 CFR 1910.38(a)). In addition, the
emergency action plan must include procedures for handling small releases
of hazardous chemicals.

The technical basis for the proposed change
Impact of the change on employee safety and health
Modifications to operating procedures
Necessary time period for the change
Authorisation requirements for the proposed change
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The concept of hazard realisation
Hazard realisation. The moment when the controls used to manage a
particular hazard break down or fail is the known as a ‘hazardous event’. This
is when ‘Hazard Realisation’ takes place and the consequential impact takes
over.
In the oil and gas industry the inherent hazards are potentially very dangerous
and so a relatively small failure can lead to a catastrophic outcome.

The highly flammable cloud drifted across a nearby Autoroute and it is
believed this was ignited by a car’s exhaust. Flames ran back to the leaking
sphere which created a jet fire that started to impinge onto another LPG
sphere.
This created the BLEVE explosion and the sphere exploded. The support legs
on other spheres buckled under the heat , toppled and also exploded. The
emergency services, although at the scene also failed to cool adjacent tanks
and the surrounding area. In total, 5 spheres were destroyed.

An example might be a Boiling Liquid Expanding Vapour Explosion (BLEVE).
Our example focuses on the 1966 Feyzin disaster in France. This incident
began with the routine draining of water from an LPG sphere where the failure
to follow written procedure and the use of untrained personnel with incorrect
equipment led to the death of 18 people and seriously injured a further 81.
This is an account of what happened.
Three operators were routinely draining water from an LPG sphere containing
liquid propane but none of the operators had been involved with the task
previously. A written procedure did exist showing the sequential operation
of the valves to drain the water from the sphere but this was not referred to
by the operators.
Valves were opened in the wrong order, the nearest one to the sphere being
cracked open first. This created a hydrate (ice plug) around the valve’s
internal mechanism, which made the valve inoperable.
Eventually, propane liquid started flowing from the drain valve and expanding
into a huge vapour cloud. Unable to shut the valves, the operators fled from
the scene.

Lessons Learned. This incident raised a number of questions about the
design of spheres and insulated connecting pipework and valves, the
insulation of tank supports, the need for bunded areas (where contained LPG
spill might have burned harmlessly) procedures for draining water from
spheres and the need for thorough training and competency of the staff doing
the job. It also raised the issue of having concise emergency planning and
procedure, all of which were subsequently incorporated into industry codes
of practice. Systems that are designed, built and operated by well trained
personnel in accordance with procedures have a far better chance of
ensuring hazards are not realised.
The importance of ensuring that training encompasses situations where the
process moves outside its normal operating envelope is essential. In these
cases, operators need to have a range of alternative solutions at hand should
one fail.
The concept of risk control using barrier models. Barrier Modelling. A
barrier, as we all know, is something generally used to guard us from harm.
We are all familiar with barriers at the side of the road, stopping us from
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TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

stepping into the path of oncoming traffic, and barrier cream used to protect
our skin from harmful fluids.
However, the concept of a barrier is much wider and encompasses
everything that is aimed to protect us from harm including the less tangible
things, such as knowledge and training.

Let’s now look at what barriers we might put in place in order to reduce the
potential exposure.

Control measures in place to mitigate potential exposure:

Let’s look at a simple model illustrating a barrier – personal protective
equipment (PPE) and how it can be breached in a number of ways. In our
example, the hazard has been able to come into contact with the person and
a number or reasons for this are illustrated. What it shows is the fact that
PPE alone may not be sufficient to protect against potential exposures.

As we can see, by introducing multiple barriers the risk is mitigated. Each
barrier has the potential to be breached in a number of ways, but each stops
the potential exposure in its own way. For the hazard to be realised and turn
into a hazardous event, all the barriers have to be breached at the same time.
Below is another barrier model (Swiss cheese model) linked directly to oil
and gas production where each slice of cheese is a barrier holding back the
hazards from becoming accidents, incidents or losses, for example:The barrier is there to protect the person from the hazard. However, as we
have seen above, on its own it can be overcome in a number of ways and fail
in its task to protect. If we understand how these failures occur, we can
anticipate them and build control measures so that the risk they pose is
minimised.







Good design and specification
Good process and procedures
Good training
Robust inspection and maintenance technique
Correctly trained and competent personnel
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The holes in the cheese are the latent defects (faults) built into our barriers
allowing the hazards to progress along the path to becoming losses as the
barriers fall over.

The Swiss cheese model:

Strategic Model
Performance & Risk – through layers of protection to
reduce the potential for major incidents and losses
Plant – Engineering hardware, control systems,
physical layouts
Process – management systems to identify, control
and mitigate risks, and drive continuous operational
improvement
People – capabilities in terms of leadership skills,
relevant knowledge and experience, and the
organisational culture
Hard barriers are more reliable than soft barriers, but
all ultimately rely on people

Use of modelling such as thermal radiation output, blast zones for
risk identification
There are a number of modelling tools available to help in the identification
of risk to fire and explosion. However, the type of fire has a significant
bearing on the risks involved and it is important to look at all relevant fires
with their associated modelling techniques in order to fully appreciate all of
the risks involved.
We are now going to look at the different types of fires and their associated
modelling techniques.
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Pool Fire. A pool fire is a turbulent diffusion fire burning above a horizontal

Fire model evaluation in the Joint Industry Project (JIP). Phase I of

pool of vaporising hydrocarbon fuel where the fuel has zero or low initial
momentum.

the JIP (OTI 92 596/597/598) included a review of open hydrocarbon pool
fire models. Three types of model were evaluated: semi-empirical models
(e.g. WHAZAN), field models (e.g. CFD models) and integral models (falling
between semi-empirical and field models). It was concluded that wellvalidated, semi-empirical models represented the best available models for
the prediction of heat fluxes to objects outside flames, provided that such
models are used within their range of validity.

The following picture shows a fire emanating from a leaking pipe flange. The
fuel gushing out from the leak is clearly causing a jet fire, but you can also
see pools of fuel at the left, the right and to the rear, all of which are creating
pool fires:

Compartment fire modelling, has two types of Code: zone models and field
models. It was concluded that zone models (typically used for modelling fires
within buildings) encounter severe limitations in modelling large offshore
compartment fires.
Phase II of the JIP included a fire model evaluation exercise. This considered
three jet-fire scenarios, but no pool-fire scenarios. However, it did generate
high quality data that were considered suitable for future pool fire model
evaluation. It has been recognised from Phase II of the JIP that a more
extensive fire model evaluation exercise is warranted, involving a greater
number of models and test scenarios.

Fires in the open will be well ventilated (fuel-controlled), but fires within
enclosures may become under-ventilated (ventilation-controlled). Pool fires
may be static (e.g. where the pool is contained) or ‘running’ fires. Pool fires
represent a significant element of the risk associated with major accidents
on offshore installations, particularly for Northern North Sea (NNS)
installations that may have large liquid hydrocarbon inventories.

Industry Practice in Assessment Of Pool Fire Hazards. Software packages
commonly used for offshore QRA studies include codes such as ARAMAS,
NEPTUNE and PLATO. These codes appear only to model open pool fires,
which would not represent the particular features of confined or ventilationcontrolled fires (e.g. external flaming).
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Jet fires can arise from
releases of gaseous,
flashing liquid (two
phase) and pure liquid
inventories.
A jet or spray fire is a
turbulent diffusion flame
resulting
from
the
combustion of a fuel
continuously released
with some significant
momentum
in
a
particular direction or
directions.
The picture on the left
shows a jet fire under
test
conditions.
(©Booth Industries).
Jet fires represent a significant element of the risk associated with major
accidents on offshore installations. The high heat fluxes to impinged or
engulfed objects can lead to structural failure or vessel/pipework failure and
possible further escalation. The rapid development of a jet fire has important
consequences for control and isolation strategies.
The properties of jet fires depend on the fuel composition, release conditions,
release rate, release geometry, direction and ambient wind conditions. Low
velocity two-phase releases of condensate material can produce lazy, wind
affected buoyant, sooty and highly radiative flames similar to pool fires.

Sonic releases of natural gas can produce relatively high velocity fires that
are much less buoyant, less sooty and hence less radiative.

Jet fire modelling – Unconfined fires. It was generally accepted in 1991 that
the semi-empirical models provided the most accurate and reliable
predictions of the physical hazards associated with fires, providing their
application is limited to the validation range of the model (recorded in OTI 92
596). This conclusion essentially remains valid today. A recent study, carried
out for HSE/OSD (OTO 1999 011) by Shell, showed good agreement with
medium and large-scale jet-fire experiments.
At present, commercially available semi-empirical models can provide
accurate prediction of flame shape, flame size and external radiation flux to
external objects but not heat fluxes to impinged objects. The latter must be
treated empirically.

Jet fire modelling – Confined jet fires. The general level of understanding of
compartment fire behaviour is now sufficiently good to assess most
compartment fire hazards with some confidence for modules having simple
geometries. In particular jet-fire temperatures, smoke layer temperatures,
heat fluxes to surfaces within the module, the extent of external flaming and
internal impingement zones can be reasonably well predicted. Estimates for
CO concentrations in the smoke layer are also available based on empirical
relationships to temperature and flame stoichiometry.

Industry Practice in Assessment Of Jet Fire Hazards. Current industry
practice is to analyse jet fires for length of the jet fire with respect to distances
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of plant equipment, buildings, population, etc. The extent of impingement
into affected area is considered along with the need for passive fire protection
(PFP), emergency depressurisation and other mitigation options.
It is assumed that personnel are able to survive and escape from exposure
to heat fluxes less than 5 kW m-2, but fatality is assumed for higher heat flux
values.
The effect of jet fires with high heat fluxes (e.g. flame temperature of 1350°C,
heat flux of 400 kW m-2) are not generally taken into account in safety case
assessments. This is because these types of flame are not included in current
guidance.



Solid-flame model where the radiation received is calculated from
the surface emissive power of the flames, the relative geometry of
the target and fireball and the atmospheric attenuation.

Both types of modelling have their disadvantages. A point source model
tends to overestimate the irradiance at distances below 5 fireball diameters
and, for a solid flame model, the result obtained is very dependent on how
the surface emissive power is defined and measured.

Industry Practice In Assessment Of Hazards. Vapour cloud fires are
generally not considered off-shore as part of the safety assessment, unless
the possibility of developing into a vapour cloud explosion exists.

VCF’s are important for two reasons:



The possibility of escalation. It is highly likely that secondary fires
may be started as a result of the flash fire / fireball and
There is a high probability that following a VCF there will be a steady
fire, typically either a pool fire or jet fire (or a combination of the
two).

Flash fires and fireball modelling. The characteristics of fireballs (diameter,
height, lift off, duration) are usually modelled using empirical formula based
on the mass of fuel released. The far field thermal radiation is usually
estimated by:


Point source model, where it is assumed that a certain fraction
(usually between 0.25 and 0.4) of the heat of combustion is radiated
in all directions.

Explosion hazard assessment. A wide variety of types of explosion may
occur on offshore installations. These include unconfined explosions
(overpressure generated by presence of obstacles), confined explosions
(overpressure generated through a combination of confinement and
obstacles), external explosions (a phenomenon associated with confined,
vented explosions), internal explosions (e.g. within a flare stack), physical
explosions (e.g. a failing pressure vessel), solid phase explosions (e.g.
associated with use of well completion explosives), mist explosions and
BLEVEs.
Explosions represent a significant component of the topsides fire and
explosion risk on most installations. Over the 25 year period 1973-97 there
were 10 significant (> 0.2 bar) explosions on offshore installations in the
North Sea, 8 of which occurred in the UK sector, most during the 1980’s
(Vinnem, 1998). More recent data for the period 1992-99 shows that there
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have been 10 explosion incidents on UK installations, most internal
explosions associated with gas turbines or flare systems.
Explosion hazard assessment modelling. The explosion models currently
available may be categorised as follows:




empirical models (e.g. TNO Multi-Energy model, Baker-Strehlow
method, Congestion Assessment Method COMEX/NVBANG)
phenomenological models (e.g. SCOPE and CLICHE)
CFD models (e.g. FLACS, EXSIM, AUTOREAGAS, CFX, COBRA and
various research codes)

A critical review of modelling and suggestions for future areas of research
and development up to 2000 is given in HSE (2004).
The empirical models have a limited range of applicability, cannot deal with
complex geometries and have simplified the physics considerably.
Nevertheless, these methods are useful for quick order-of-magnitude
calculations and for screening of scenarios warranting further investigation
with more sophisticated tools.
The phenomenological models are slightly more complex than the empirical
models. They have a less limited range of applicability than empirical models,
are essentially fits to experimental data and have a lower level of uncertainty
than empirical models. They do not attempt to model the actual scenario
geometry but instead represent it in a simplified manner, e.g. as boxes
connected by corridors. The models are relatively easy to use, with modest
computational requirements and therefore are suitable for use where large
numbers of calculation runs must be made, as in exceedance curve
generation.

Computational Fluid Dynamics (CFD) models can be divided into two groups
- simple and advanced models. The distinction between the two groups,
although somewhat arbitrary, is that the advanced models will attempt a more
complete description of the physical and chemical processes involved,
including better representation of the geometry and the accuracy of
numerical schemes.
To illustrate this difference, consider one of the key findings of Phase 2 of
the JIP, i.e. the importance of taking into account small scale obstacles. The
simple CFD models make use of porosity/distributed resistance (PDR)
models in order to avoid having to resolve the smaller scales obstacles, whilst
the advanced CFD models attempt the resolve the objects using adaptive
mesh refinement. Compared with the phenomenological and empirical
models, CFD offers the prospect of greater accuracy and flexibility, however
computational run times are long and the scope for errors is greater.

Industry Practice: Explosion hazard assessments undertaken for offshore
installations may vary widely from simple assessments using empirical
models to complex analyses using multiple CFD simulations. Key issues
identified from a review of industry practice in this area are as follows:




Explosion hazard assessments are sometimes undertaken in detail
for some installations then by ‘difference’ for others. This raises
questions as to whether the installations in question are indeed
comparable from an explosion hazard perspective.
A common assumption made is that if the explosion analysis is
undertaken on the basis of a module filled entirely with gas at
stoichiometric composition that this must represent the worst case.
This neglects the important influence of:
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congestion in determining localised peak overpressures and
that the turbulence associated with a realistic release case
may give more severe overpressures (even if the gas does
not completely fill the module)
o in calculating explosion risks in relation to escalation and
temporary refuge (TR) impairment, calculation of low
frequency worst case explosions will potentially ignore
higher frequency, lower overpressure incidents that are
capable of significantly contributing to the overall explosion
risk
In assessing realistic release cases, duty holders may assume that
explosion overpressures scale in a simple manner with gas cloud
volume, but this again neglects the important influence of congestion
The methodologies used for the development of exceedance across
the industry curves are not consistent.
The treatment of
uncertainties is not clear and the wide range of methodologies
employed, ranging from use of generic curves, combinations of
phenomenological and CFD modelling and solely CFD modelling,
prevents comparison between approaches used
The development of exceedance curve approaches for gas explosion
modelling does not appear to be systematically documented or
auditable
For explosion analyses undertaken during design, assumptions
regarding the level of congestion in the module (in the absence of
detailed design information) are critical. Explosion overpressures
have, in the past, been significantly underestimated during the early
stages of design
The interaction of explosion overpressures with structural response
is not well understood
o











Explosion consequence assessment. Blast injury to people may comprise
either direct effects (e.g. ear drum rupture) or indirect effects (injury due to
flying debris). Blast damage to equipment or structures can result from
either loading (applicable to large objects, e.g. walls) or drag loading
(applicable to objects of narrow cross-section, e.g. pipework or primary
steelwork) or a combination of the two. The extent of damage is dependent
not only on the peak overpressure, but also the blast wave duration, impulse
and rise time.
Of the 10 significant (> 0.2 bar) explosions which have occurred on offshore
installations in the North Sea over the 25 year period 1973-97, all have
resulted in significant damage to the installation, whilst 5 have caused injuries
or fatalities (Vinnem, 1998).

Explosion consequence assessment modelling. Current models for
assessment of blast injury to people are based on the far field effects of
condensed phase explosions (as noted above) and therefore their application
to gas explosions on offshore installations is highly uncertain. The prediction
of explosion loading on equipment and structures (and their response) is
likewise highly uncertain. This has been shown through the various model
evaluation exercises undertaken as part of the JIP. Other aspects of concern
include the prediction of localised explosion loads, e.g. on objects of narrow
cross-section such as primary steelwork, and the uncertain validation of blast
wave codes. The modelling of escalation (e.g. through blast or missile
effects) is also an area of significant uncertainty, with little detailed guidance
available.
Industry Practice: Safety Case assessments of blast injury to persons are
largely judgmental, making use of what little data there is of relevance to the
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near-field effects of gas explosions. Assessments of the effect of blast on
equipment and structures is sophisticated for new installations (e.g. using
CFD for explosion prediction and non-linear finite element analysis for
structural response) but highly variable for existing installations, ranging from
purely qualitative analysis to the use of advanced computational models or
experimental techniques. Escalation modelling is performed to widelyvarying degrees of rigour.
Source - HSE

15.7

Safety case and reports

Below are listed typical heading of the content that might be found within a
safety case/report:










Scope
System descriptions
System requirements
Major hazard assessment
Risk assessment
Controls put in place and risk reduction measures
Safety analysis/testing
Development process justification
Conclusions

Examining and comparing the key words from the safety case/report
framework, it can be seen that there is a very good fit with the following
aspects.



The major hazards have been identified
The likelihood of occurrence is determined
















The consequences are assessed
The safety critical elements protecting persons from hazard are
identified
Risks are reduced to ALARP (as low as reasonably practicable)
Design is appropriate
An audit trail exists for the decision-making process
Modifications are designed and controlled
Operations do not compromise integrity
Performance standards are set
Operation against performance standards are verified
The integrity of the asset is maintained throughout its lifecycle
Performance is reviewed and modifications made where necessary
Safety critical roles are identified
People in safety roles are competent to perform those roles
Emergency planning and drills

Other typical content of a safety case or safety report might include











Name and address of the operator and of the installation
Major accident prevention policy MAPP
Safety Management System
Description of the installation and its layout
Types of operation and activities associated with it
Identification of major hazards
Major accident hazard scenarios
Detailed performance standards of safety critical equipment onboard
or onsite
ERP documentation (Emergency Response Procedure).
The offsite plan (onshore)
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Once these aspects are implemented, it can be demonstrated that the
management of safety incorporates a risk based approach, and that this is
the basis of a Safety Management System (SMS).

The safety case/report should demonstrate that the management
system is adequate to ensure compliance with the relevant statutory
provisions.
The required demonstration of the adequacy of the management system is
not restricted to the management of major accident hazards.
A safety case which does not include the following elements in the
descriptions of the management system is unlikely to demonstrate that the
system is adequate:






policy setting
o policy and objectives
o corporate acceptance of responsibility
organization
o structure, accountability and safety culture
o professional health and safety advice
o involvement of the workforce
o risk assessment systems
planning and standards
o standards and procedures for controlling risks, including
workload and working hours
o permits to work
o competence and training
o selection of key personnel





o control of change
o selection and control over contractors
o planning and control for emergencies
o occupational health
performance measurement
o recording and investigation of incidents
o active monitoring
audit and review
o auditing
o review and application of lessons learned

The management system should show an appropriate level of control during
each phase of the installation life cycle. This includes design, construction,
commissioning, operation, decommissioning and dismantlement.
It should be clear who has overall charge of activities, including the
communication arrangements between the responsible persons on and
offshore, during normal operations and in emergency conditions.
Particular attention should be paid to authority levels, treatment of
exceptional conditions, lessons learned from incidents, and performance
standards.
Where another installation or vessel (for example - diving support vessel
(DSV) or heavy lift vessel (HLV)), carries out work in combination or in
connection with an installation, the case should summarise the arrangements
in place for co-ordinating the management of their activities with the
management systems for the installation.
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2.4.5 COMAH
In the UK, he Control of Major Accident Hazards Regulations 1999 (COMAH)
and their amendments 2005, are the enforcing regulations which came about
following the Seveso ll Directive devised in Brussels following the Seveso
disaster.
They are applicable to any establishment which stores, or otherwise handles,
large quantities of industrial chemicals of a hazardous nature. Types of
establishments include chemical warehousing, chemical production facilities
and some distributors.
The principal aim of the regulations is to reduce the risks of potential major
accidents, such as the Flixborough disaster (1974), that are associated with
the handling of hazardous substances.

Lower-tier/Upper-tier COMAH sites. The regulations operate on two
levels depending on the establishment's status which is divided into two
categories, 'Lower Tier' and 'Upper Tier', determined by inventory.
Lower tier establishments are required to document a Major Accident
Prevention Policy (MAPP) which should be signed off by the managing
director.
An upper tier establishment is required to produce a full safety report which
demonstrates that all necessary measures have been taken to minimize risks
posed by the site with regard to the environment and local populations. This
will include a MAPP.

Major Accident Prevention Policy (MAPP). The MAPP sets out the policy on
the prevention of major accidents, it should outline the following:








Picture 59: moment of the Flixborough accident






Description of the Safety Management System (SMS)
Roles and responsibilities of all key personnel
Training requirements to both maintain competency levels as well as
meet any identified shortfalls in competency levels
Hazard identification and risk assessment process
Procedures & instructions for the safe operation of plant
Design and any subsequent modification of the site
Identification of all foreseeable emergency scenarios and preparation
for them
Accident investigation procedures
How compliance will be measured
Review and audit frequency and procedures
When, and under what circumstances, the MAPP is required to be
updated
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Safe Design Concept. The safety case/report should explain how design
concepts, which are inherently safe, have been applied at the design
decision-making stage.
As well as being applied at the original design stage of the installation, this
principle is relevant to all stages of the installation’s life cycle. It also applies
to the notifications, such as those that are required for design and combined
operations.
Inherently safer design requires the hazard management strategy to be
developed at a very early stage in the design process. The strategy might
reference, for example:













Concluding, the safety case and safety report are very similar documents.
There are requirements within the safety report that any emergency plan
must take into consideration people living in close proximity to the refinery
or terminal.
An offsite plan forms part of the main safety report onshore where
procedures are laid down to deal with emergencies affecting the general
public (outside the fence). It is also used by the local authorities who might
include the emergency services, the Environment Agency and Local Council
and government bodies.

concept selection, for example:
o platform versus subsea development
o attended versus unattended wells
o floating versus fixed wells
o single versus multiple structures
o pre-drilling of wells
installation location and orientation
substitution of hazardous processes by less hazardous ones
segregation of hazards
reduction in complexity
reduction of subsurface uncertainty, for example by seismic surveys
riser location and routing
allowance for human factors, for example by fail-safe, error-tolerant
designs
materials selection
corrosion, erosion and stress concentration in design
design which facilitates inspection and maintenance
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16 Hydrocarbon process safety
16.1

Contractor management

Scale of contractor use. In the oil and gas industry, contractors are used
extensively for all aspects of work activity and at every stage of the operation
as well as construction and maintenance work. This extends to, and includes,
exploration, construction, production and decommissioning.
In some cases, this has the effect of minimising the core staff, which in turn
reduces the number of personnel on the asset at any one time. The result is
a reduction in the extent of risk in terms of the number of people exposed.
However, during an installation’s main shutdown period there can be as many
as two hundred additional personnel on the asset at any one time to meet
the demands of completing the shutdown within a specific time period. In
such cases the risk will increase in terms of the number of people exposed.
Contractors are used for specialist work, work that is specific to a time when
there is a raised workload e.g. maintenance during shutdown, inspection and
testing. They are also used for routine work that is not process specific e.g.
hotel and catering and waste removal. Furthermore, they can also be used
for emergency response.
Contractors may vary from small one man operations right up to large multinational companies. An example of a contracted multi-national company
would be Transocean, the drilling company. It is not uncommon for exemployees, such as senior control room operators and mechanical
technicians to be offered work during shut downs on a contractual basis by
large national companies. This practice has the added advantage of the
personnel already being familiar with, and having knowledge of, the plant,
equipment and system operating procedures.

Contractor management, ownership and site supervision/representation.
For a project to run safely and successfully, the relationship between the
employing company (client) and the contractor has to be well founded. For
this to happen, it is essential that these two parties know and understand
their roles and responsibilities within the project. Those roles and
responsibilities and the relationship that should exist between the two parties
are outlined below.

Client (employing company). The client is responsible for the workplace the
contractor is working at. Clients are those organisations who engage
contractors to undertake specific work for them, or on behalf of them. As
such, they are obliged under criminal and civil law to protect their employees
and others working on their behalf, from risks to health and wellbeing. The
main statutory instruments in the UK are The Health and Safety at Work Act
1974 and the Management of Health and safety at Work Regulations 1999.

The contractor is responsible for the safe method of working. Contractors
are those people who have been engaged to undertake work for a client.
The contractor will be less familiar with the workplace hazards and adequate
provision should be made to counteract this increased risk. Examples might
be:



to limit access to specific areas
to undertake a detailed induction course on specific hazards likely to
be encountered
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Procedures for Selecting Suitable Contractors. Clients need to satisfy
themselves that contractors are competent (i.e. they have sufficient skills and
knowledge) to do the job safely and without risks to health and safety. The
degree of competence required will depend on the work to be done. The
client should make sure contractors know and understand what performance
is expected. Health and safety arrangements should be explained to them.
They should be shown procedures, permit systems and a health and safety
policy statement and they should understand and act in accordance with
them.
A contractor’s competence should be determined at the outset. For
example, asking about a prospective contractor’s experience in the type of
work needing to be undertaken.
Also determining the following:













Current liability insurance
Risk assessment of the contracted work
What their health and safety policies and practices are
Their recent health and safety performance (number of accidents,
etc.)
What health and safety training and supervision they provide
Their arrangements for consulting their workforce
Whether they or their employees hold a ‘passport’ in health and
safety training
Details of any enforcement notices
If they have any independent assessment of their competence
References from previously employing companies
What qualifications and skills they have
The competency of the staff doing the job







Certification for any equipment that the contractor might intend to
use
Their selection procedure for sub-contractors
If they are members of a relevant trade or professional body
Contractor’s financial viability
Their safety method statement

Procedures for Selecting Suitable Contractors. Regardless of how large or
small a contractor is, the management of contractors must always be handled
appropriately. As we have just seen, rigorous checks must be made to
ensure the contractor is suitable for the work being undertaken.
Where it can be demonstrated that due diligence was not applied by the client
when choosing a contractor, and an incident/accident happens, then liability
may lie as much with the client as with the contractor.
Once the contractor has been engaged the responsibility of the client includes
appropriate supervision of the contracted work. The level of supervision
depends on the size of contracted work. A maintenance task might need
close and constant supervision to see that the work procedures are being
adhered to.
Larger contracts, e.g. sub-contracted drilling operations, may need a more
structured approach with reports on all aspects of operations being fed back
to the client on a daily, if not hourly, basis.
Clients must decide what they need to do to effectively manage and supervise
the work of contractors. The more impact the contractor’s work could have
on the health and safety of anyone likely to be affected, the greater the
management and supervisory responsibilities of the client.
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Clients will also have greater management and supervisory responsibilities
where they know more about the health and safety implications of the
contracted work than the contractor.
In all circumstances, clients need sufficient knowledge and expertise to
manage and supervise the contracted work. It is essential that the nature of
the controls exercised by the client is agreed before work starts. An
important part of this is the arrangements for the selection and control of any
sub-contractors.
Clients may need to agree with the contractor how the work will be done and
the precautions that will be taken. Again, the extent of the client’s
responsibilities will be determined by the impact that the contractor’s work
could have on anyone likely to be affected. Relevant issues include:







what equipment should or should not be worked on/used
personal protective equipment to be used and who will provide it
working procedures, including any permits-to-work systems
training and induction in such systems
the number of people needed to do the job
reporting of accidents and safe keeping of records and plans

Clients, contractors and sub-contractors should monitor their health and
safety performance. This means checking whether the risk assessment is
up to date and that control measures are working. The level of monitoring
depends on the risks – the greater the risks, the greater the monitoring.
Clients should make periodic checks on the contractor’s performance to see
if the work is being done as agreed. Contractors and sub-contractors should
carry out day-to-day checks to see that what should be done is being done.

Some work-related accidents, diseases and dangerous occurrences have to
be reported to the enforcing authorities. It is good practice to investigate all
injuries, cases of work-related ill health and ‘near misses’ to find out what
went wrong and why they were not prevented. Clients, contractors and
subcontractors should share the lessons learnt from monitoring and
investigations with each other and with all of the workforce.
Where health and safety requirements are not being met, the first step is for
the client and the contractor to find out why, and put matters right. If health
and safety performance is not brought up to requirements, the client will
need to stop the contractor working on the job until requirements can be
met.

Contract Management. As we have mentioned, it is essential contractors
and sub-contractors are managed effectively by the client. The means and
methods will vary according to the work being undertaken, the location of
that work, and the consequential impact of something going wrong.
The following summarises the management tools and techniques available
and these should be applied as appropriate.
We have also interjected case studies to show what the consequences might
be if management controls are not implemented effectively.

Contract Management Controls


Firstly, it must be emphasised that there is a joint responsibility to
see that contracted work is conducted in a proper and effective
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manner and that it does not have a negative impact on the safety or
wellbeing of the workforce or the infrastructure.
The client must ensure the contractors are competent in the work
they do, and have sufficient resources to carry out the work. The
detail of how this is done was covered earlier.
The contractor brings his/her own expertise and knowledge and has
responsibility within that area.
There must be a clear understanding by both the client and the
contractor (and sub-contractor if applicable) of the risks associated
with the work being undertaken by the contractor, and what
measures are needed to control them.
Full instruction and training must be given by the client to contractors
on any issues which might affect the work the contractor undertakes.
This might include restrictions on certain equipment, areas not to be
accessed, handover procedures, where permits-to-work should be
used, etc.
There must be full workforce consultations on all safety aspects.
The client must ensure they provide appropriate management and
supervision of the work undertaken by the contractor (and subcontractor if applicable).
The client must ensure the contractor knows precisely what is
expected of them. Clear outcomes must be defined at the outset.
The employment of sub-contractors is usually best left to the
contractor. However, the client must make sure the contractor has
appropriate procedures in place to assess the competency of the
sub-contractor. A list of criteria similar to that used when appointing
the main contractor would be appropriate.
Risk assessments must be made by both the client and the
contractor (and sub-contractor if applicable) and the control
















measures resulting from these risk assessments must be agreed by
all parties and put in place before work begins.
Permit-to-work systems must be used were required. Instruction
and training on their use and where they need to be used, should be
given to the contractor and/or sub-contractors.
There must be full co-operation and co-ordination between the client
and the contractor (and sub-contractor if applicable) on all issues
and at all times.
There must be regular liaison meetings between the client and
contractor (and sub-contractor if applicable).
Workforce consultation, supervision and training, all of which we
touched on earlier, may include toolbox talks where appropriate.
There should be agreed handover procedures (and hand back
procedures) at defined points within the contract period/process.
One of the main failings which led to the Piper Alpha disaster was
the employment of newly contracted supervisors who had no training
on Permit-to-Work systems and no formal training on shift handover
procedures.
Within any monitoring and supervision procedure, which we touched
on earlier, it should be quite clear what is being monitored and not
just overviewed for the sake of it.
Monitoring and supervision might include a ‘buddy’ system where it
was deemed appropriate and effective.
In the event that monitoring, or other means of contractor controls,
highlights that the contractor is not compliant with requirements,
there has to be a clear understanding of what procedures need to be
taken to resolve the issue.
On completion of the work by the contractor, there should be a post
work de-brief and review to find out what went well and what didn’t.
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The difficulty of enforcing these controls is compounded when working with
a multi-national workforce when language and communications become an
issue. However, every effort should be made to apply the controls where
appropriate and ensure they are understood by all parties.

Contractor responsibilities. As we mentioned in the previous section
it is ‘The contractor who is responsible for the safe method of working he
and his staff employ’.
This is because, in many cases, they are being engaged because of their
specialist expertise where the company contracting out the work does not
have that expertise.
For example, if an engineering company required electrical work to be
undertaken, they would expect to contract out that work because it would be
outside of their knowledge base.
However, the client (the employing company) also has a responsibility
towards the contractor and the contractor’s own staff for hazards that may
occur as a result of the client’s own activities and undertakings.
An example might be where a company that loads its vehicles in separate
loading bays has a need to have those bays checked to see if their electrics
are safe and up to standard.
A safe method of working is then agreed between the client and the
contractor which allows the contractor to work in one loading bay at a time.
This then allows the other bays to remain operational whilst the checks are
carried out in one bay.

The movement of vehicles within the general area of the loading bays will
pose the biggest hazard to the contractor. The client (the employing
company) will need to carry out an induction with the staff of the electrical
company who will be working in the bays. This would cover the movement
of vehicles, places that the contractor should and should not have access to,
etc.
From the contractor’s perspective, he would need to give an assurance that
the work he carries out will not impact on the safety of operations (e.g. does
not shut down emergency systems such as alarms, emergency shutdown
systems, etc.)
In summary, a thorough site safety induction must be carried out with a two
way exchange of information, and this must be recorded.

Other Responsibilities of the Contractor. The contractor is also
responsible for other issues including where a contractor employs subcontractor(s) to carry out some or all of the work. In this case all parties will
have some health and safety responsibilities.
The extent of the
responsibilities of each party will depend upon the circumstances.
The selection of any sub-contractors is probably best left to the contractor.
Clients must, however, satisfy themselves that a contractor has an effective
procedure for appraising the competence of a sub-contractor. When
selecting a suitable subcontractor, a contractor may use some or all of the
criteria that a client may use in selecting a suitable contractor (see previous
section). Again, the degree of competence required will depend upon the
work to be done.
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Other Responsibilities of the Contractor - Risk Assessment
The client and the contractor need to agree the risk assessment for the
contracted work and the preventative and protective steps that will apply
when the work is in progress. If subcontractors are involved, they should
also be part of the discussion and agreement.
The contractor must assess the risks for the contracted work and then both
parties must get together to consider those risks from each other’s work that
could affect the health and safety of the workforce or anyone else.
Other Responsibilities of the Contractor. Clients, contractors and
sub-contractors must provide their employees with information, instruction
and training on anything which may affect their health and safety.
All parties need to consider what information should be passed between them
and agree appropriate ways to make sure this is done. They need to
exchange clear information about the risks arising from their operations,
including relevant safety rules and procedures, and procedures for dealing
with emergencies. This exchange of information should include details of
any risks that other parties could not reasonably be expected to know about.
The information must be specific to the work.
The instruction and training provided by the client, the contractor and the
subcontractor needs to take account of the risks from their own and each
other’s work.
The instruction and training provided by the client, the contractor and the
subcontractor needs to take account of the risks from their own and each
other’s work.
Clients, contractors and sub-contractors must consult their employees on
health and safety matters.
Consultation should include safety

representatives. They should be part of the liaison arrangements set up by
the client and should be involved from the outset.
Clients, contractors and sub-contractors should monitor their health and
safety performance. This means checking whether the risk assessment is
up to date and that control measures are working. The level of monitoring
depends on the risks - the greater the risk, the greater the monitoring.
Clients should make periodic checks on the contractor’s performance to see
if the work is being done as agreed. Contractors and sub-contractors should
carry out day-to-day checks to see that what should be done is being done.
Some work-related accidents, diseases and dangerous occurrences have to
be reported to the enforcing authorities. It is good practice to investigate all
injuries, cases of work-related ill health and ‘near misses’ to find out what
went wrong and why they were not prevented.
Clients, contractors and subcontractors should share the lessons learnt from
monitoring and investigations with each other and with all of the workforce.

Safe handover, understanding hazards
Safe Handover Procedure. Whenever a site, or part of a site, piece of
machinery or plant, is to be handed over to a contractor, a comprehensive
system of safety checks should be established and put in place. This may
include:





electrical isolations with multiple lock offs
mechanical isolations with multiple lock offs
physical barriers to restrict access
pre-cleaning of the area
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pre-cleaning of the equipment

Whatever system is established, it needs to be agreed between both the client
and the contractor, and it must follow the arrangements and procedures of
both parties. This may mean that the client’s arrangements and procedures
are used as a basis with the contractor’s specific requirements superimposed
on those procedures.
A comprehensive record of what the handover process encompassed must
be maintained, especially where isolations and barriers are involved.
On handover of an area to the contractor, the contractor must accept full
responsibility for maintaining the integrity of that area for the duration of the
contract. This must be recorded.
However, both the client and the contractor should carry out periodic checks
of the area during the contract period to ensure that all safety measures are
complied with. This is usually addressed using the controls, precautions and
limitations laid down under the Permit-to-Work system which will be
controlled by the client for the contractor.
Once the contracted work has been completed, the site (or part of a site),
piece of machinery or plant can be handed back to the client. This should
follow an agreed procedure so that handover is conducted in a safe and
secure manner.
This should be done in such a way so as to ensure that all isolations have
been removed and that all the component parts of the plant are in working
order (e.g. valves, pumps, safety-critical components, etc.). This is also
covered by the Permit-to-Work system.

Where work on pipework has been undertaken, those pipes need to be
pressure tested to establish their integrity. This will usually involve using a
non-hazardous material such as water or an inert gas.
Only when the client is fully satisfied that the area, machinery or plant is fit
for use should the work be signed off and the area, machinery or plant be
accepted back and be re-commissioned.
It is important for both the client and the contractor that the process of handback is conducted thoroughly. Should something be overlooked and an
incident arises causing harm - potentially catastrophic harm – people’s lives
could be at risk.

16.2

Safety shift handover

Imagine a scenario where a worker with responsibility for a particular work
task takes a break.
When the worker returns after the break, if the task has not progressed any
further then continuity will not be a problem and communications with the
worker’s colleagues will be minimal.
However, if the task is shared between more than one person, or continues
during the absence of the worker, then when the worker returns,
communication and coordination become crucial in resuming the work in a
safe manner.
In industries which operate continuous processes, continuity is maintained
across shift changes via a process called shift handover. Shift handover
typically includes:
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1.
2.
3.

a period of preparation by outgoing personnel
the actual shift handover itself where outgoing and incoming
personnel communicate to exchange task-relevant information
cross-checking of information by incoming personnel as they
assume responsibility for the task

The goal of shift handover is the transfer of accurate, reliable and taskrelevant information across shift changes thereby ensuring continuity of safe
and effective working.
Offshore oil exploration and production are continuous 24-hour operations.
Personnel typically reside on the offshore installation for 2-4 week periods,
working alternating 12-hour shifts. Their goal is to maximise exploration,
production or support functions without compromising safety.
Complex technical systems place demands on the operator's information
processing and decision-making skills. The operator may be physically
remote from the system, and rely on an internal "mental model" to
understand and control the invisible process. The accuracy of this model
determines how effectively operators start-up, monitor, adjust and shutdown the process.
Successful control requires three components to be present:
1.
2.
3.

Clear specification and understanding of the future goals of
production
An accurate mental representation of the current state of the
process
An accurate internal model of process dynamics

Many continuous process tasks are characterised by long system response
times between process alterations and effects. The reaction from any given
process alteration may not come about until subsequent shifts have taken
over.
Consequently, without adequate communication of information at shift
handover, diagnosis of effects resulting from actions on previous shifts can
be problematic.
Amongst the distinctive features of offshore facilities are:







Their geographical isolation and unusual shift patterns.
All or part of the crew may leave the facility within a short period of
time. Consequently, trying to understand issues not adequately
recorded or communicated at shift handover is potentially
problematic.
Significant fluctuations in workers’ alertness and performance have
been observed over two-week offshore shift cycles, the most marked
and adverse effects occurring during the shift-change phase.
offshore workers can be exposed to high noise levels, both on and
off-duty, which increases potential for misunderstood verbal
communications.

12 Hour Shift Handover. The effects of a change from 8-hour to 12-hour
working in fifty US and Canadian chemical and petroleum industries were
examined in a 1977 study. A field survey of managers' opinions concluded
that, on balance, inter-shift communication improved with 12-hour shift
working, basically because the number of handovers per day decreased by
50%. Also, 12-hour shift personnel frequently received their shift handover
from the same person who they had briefed 12 hours earlier.
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Communications between production and maintenance staff were also
reported to improve, as most maintenance work was started and completed
within the 12-hour day shift, rather than spanning the two 8-hour morning
and evening shifts. The need to brief incoming staff about ongoing
maintenance work was therefore reduced.
Disadvantages of 12-hour working for communication included less
opportunity to interface with day staff and a need for greater reliance on
written communication and log-keeping. Further consequences of 12-hour
working were longer breaks between tours of duty, necessitating longer shift
handovers to ensure all information was understood and incoming staff
requiring a longer time to become reacquainted with operations.
The effect of a change from 8-hour to 12-hour shifts was also studied in
depth at a US experimental nuclear reactor. Possible effects on alertness
and shift to shift communication were examined.
Computerised cognitive tests of alertness were conducted. Accuracy of log
book entries was quantified before and after the change from 8-hour to 12hour working, and operators were questioned about effects of the change.
Operators were slightly less alert on 12-hour shifts. The base-line error rate
in log books, which was initially very low, declined further following the
change. Operators reported greater ease in supervising day-shift personnel.
Eighty per cent of operators reported shift handover communication was
easier under the 12-hour shift system.
Much of the improvement was attributed to the fact that, on 12-hour shifts,
the incoming personnel received their shift handover from personnel they
handed over to 12 hours earlier. The change to 12-hour working meant
breaks between work lengthened from 4 to 7 days. A significant proportion
of staff reported that shift handover communication was more difficult

following a 7-day absence, taking longer to "get back in the groove” of what
had happened.
Improvements to communication at shift handover were reported following a
research-based intervention in a UK oil refinery. Prior to the intervention,
process operators and supervisors recorded information to be
communicated at shift handover in an unstructured desk diary. Although
shift handover was deemed important by management, no guidance was
available to operational personnel specifying how to conduct an effective
handover.
The intervention involved process operators and supervisors being asked to
define the information they would need at the start of a shift to do their work
safely and effectively. Information needs were categorised and these
categories used as the basis for designing structured log books for each post.
Critical incident interviews were held with experienced personnel to establish
effective handover behaviours, from which behavioural guidelines were
developed. This resulted in a written specification of how to conduct an
effective shift handover.
The project affected 315 personnel in 63 posts refinery-wide. Some 2-3
months after implementation, 70 personnel (21% of users) were interviewed
to evaluate the intervention's effectiveness. Three quarters of those
interviewed believed the introduction of structured logs had a beneficial effect
on how log books were completed, citing greater continuity between shifts,
more information being passed between shifts and key items (e.g. equipment
out of service) being recorded in writing and discussed verbally.
Over half of those interviewed believed the introduction of structured logs
had also led to improvements in the way handovers were conducted.
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Colleagues talked through the log book in a more structured fashion and
major problems were being highlighted more reliably.
Involving end-users in design and implementation of communication
methods and processes was held to be a major influence on the project's
success.





Additional preparation, time and effort are required for shift
handovers which take place after a lengthy absence. This fact should
be reflected in management procedures and day-to-day practice.
Written transcription of information from page to page across
successive shifts is time-consuming and error-prone, and can be
aided by use of a computer-based log system.

Summary











When compared to 8-hour shifts, communication at shift handover
is reportedly improved in 12-hour shifts. Greater reliance is,
however, placed on written communication, and longer time is
required in the actual shift handover. More effort is also needed to
brief personnel who have been absent for longer periods.
Specification of information needs, and introduction of a method for
capturing such information systematically, aids communication at
shift handover (e.g. structured written log, computer-based log).
Information needs should be analysed on the basis of task goal.
Provision of guidance on how to conduct an effective shift handover
has been found useful.
Critical incident technique is a useful method for identifying effective
and ineffective behaviours at shift handover.
Misunderstandings do occur during shift handovers between
experienced operators, and are repaired by face-to-face, two-way
communication.
Involvement of end-users when implementing changes to
established methods of communication at shift handover aids their
acceptance and use.

Two-way with both participants taking joint responsibility.
What shift handover should include. The safe operation of process plant and
equipment is dependent to a major extent upon the accurate and effective
communication of information from one person to another.
Several major accidents, both onshore and offshore, have had their root
causes associated with poor shift handover and the lack of information being
passed between one shift and another.
The primary aim of the shift handover is the accurate and reliable
communication of task-relevant information between incoming and outgoing
teams. This helps to ensure continuity of safe and efficient working and
process operations.
Effective handover consists of three elements:
1.
2.
3.

A period of preparation by the out-going personnel.
The point where out-going personnel and the in-coming
personnel communicate to exchange task-relevant information.
The cross-checking of the information by incoming personnel as
they assume responsibility for the tasks.
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4.

5.

Many accidents can be attributed to the failure of communication
at shift handover. Interestingly, the majority of these accidents
involved planned maintenance works.
One of the factors leading up to the Piper Alpha disaster, as
concluded by Lord Cullen in his report, was the failure of
information transmission at shift handover.

Although the actual shift handover is between the parties ending their shift
and those about to commence their shift, the organisation itself has a vital
role to play to ensure the arrangements and infrastructure lend themselves
to good shift handover practice.
The organisation should:











identify higher risk handovers
develop all staff involved with handover communication skills
emphasise the importance of a good shift handover
provide written procedures for shift handover
ensure a two way handover takes place with both participants taking
joint responsibility
place a greater emphasis on using both written and verbal means of
communication.
ensure that, where important information is transferred, a log or
report sheets are available and used. However, the fact that
information has been entered in the log or report should be raised at
handover.
ensure that everyone from the incoming and outgoing team are
involved in the shift handover process. No exceptions.
ensure that managers and supervisors employ an ‘open door’ policy
at all times and be available.

Shift handovers themselves should:










be regarded as high priority
be conducted face-to-face
be two-way, with both participants taking joint responsibility for
ensuring accurate communication
use both verbal and written means of communication
be given as much time as necessary to ensure accurate
communication
be based on the needs of the incoming shift to continue a safe
operation
be given as much time and resource as necessary
be carried out in a conducive environment with no distractions
not be rushed and should involve all shift members

Operationally, the issues covered at shift handover should include the
following:











Updating permits-to-work
Existing work permits and status of work to be continued
Future nominations
Forthcoming maintenance preparations
Plant overrides, existing and planned
Abnormal events
Shutdowns, existing and planned
Changes in plant parameters
Routine operations and existing parameters that might need to be
carried out by new shift team
Any breakdowns that might have occurred
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Any faults with any safety critical equipment
Any completed work and equipment returned to service
Inhibits to the F&G and ESD systems
New personnel to the shift

Inspection. There are two main factors governing the integrity of most plant
and equipment:
1.
2.

16.3

Plant operation and maintenance

Safety Critical Elements (SCEs). Essential for the integrity of any installation
or refinery are the safety-critical elements (SCEs). These are the parts of an
installation and its plant whose purpose is to prevent, control or mitigate
Major Accident Hazards (MAHs) and the failure of which could cause or
contribute substantially to a major accident.
The maintenance management of safety critical elements (i.e. the
management of the systems and processes which should ensure that SCEs
will be available when required) is paramount in ensuring that all asset
integrity is achieved.

Risk based maintenance and inspection strategy. Offshore and
onshore oil and gas process facilities involve hazardous chemicals (highly
flammable and toxic) at extreme conditions of temperature and pressure.
Proper maintenance of process equipment is one of the most important
activities that can be taken in order to ensure the safe and continuous
operation of the facility.
To that end, Risk Based Management (RBM) methodology is used to develop
detailed maintenance plans for safe and fault-free operation of facilities both
offshore and onshore.

The design of the plant/equipment in accordance with codes or
rules
The inspection of the plant/equipment during its service life in
order to establish that no damage has occurred.

Within these two factors, both design and inspection strategies need to take
into account the risk of structural failure. That is to say, both the probability
of failure and the consequences of such a failure have to be taken into
consideration.
By incorporating the concept of risk which takes into account not only the
probability of failure but also the consequences of failure, this will lead to an
inspection strategy which can be assessed in an auditable manner.
This approach may encompass consequences in terms of lost profits, repair
costs, human casualties and environmental clean-up costs. This kind of
approach ensures that inspection is targeted appropriately in line with costs
and benefits and demonstrates in an auditable manner that inspections have
been conducted effectively and efficiently.

Maintenance. Plant and equipment needs to be maintained if it is to remain
safe and reliable. In the pursuance of effective maintenance, the use of
records and knowledge of previous failures and accidents is essential. The
concept of risk-based maintenance evolved as an effective means of
achieving tolerable risk criteria in high risk components. It usually manifests
itself in increased inspection frequency and extent of inspections.
235

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

Maintenance planning which incorporates the concept of risk-based
maintenance itself focuses efforts in a way that reduce the probability of
failure of equipment and the consequences of failure. Risk-based inspection
can help reduce maintenance costs and efforts, whilst at the same time
increasing plant reliability and availability.

defined programmes which include inspection, testing, performance
maintenance, corrective actions and quality assurance.

Preventative Planned Maintenance (PPM). Another form of maintenance is
maintenance which is carried out at regular periods of time. This is known
as Preventative Planned Maintenance (PPM).

Mechanical integrity programmes cover the following equipment and
systems:

Condition Monitoring Maintenance. Maintenance on equipment which
employs rotating components, and which would be difficult to undertake
without shutting down the operation, can be monitored using vibration
analysis. This involves taking readings of the shafts, seals, bearings and
other critical internal components. The outcome of these measurements will
indicate if further work or inspections are required. This allows maintenance
to be carried out before repair or failure of a component happens.
This type of maintenance is known as condition monitoring and is based on
the measurement of vibration imposed on critical internal components. The
trending of the condition of these components substantially reduces the
amount of maintenance needed on this equipment. This, in turn, reduces the
tendency to over maintain equipment as is often the case when maintenance
is conducted on an hour’s run or PPM system.

As such, they are intended to add assurance that the mechanical integrity of
the equipment is reviewed and certified as an ongoing process. Furthermore
any deficiencies will be corrected prior to start-up, or provisions made for
appropriate safety measures to be applied.








Pressure vessels and storage tanks
Emergency shutdown and fire protection systems
Process safeguards such as relief and vent systems and devices,
controls, interlocks, sensors and alarms
Pumps and piping systems (including components such as valves)
Quality assurance, materials of construction and reliability
engineering
Maintenance and preventive maintenance programmes

Mechanical integrity programmes also cover the inspection and testing of
materials used in maintenance, including spare parts and equipment.
The frequency of inspections and tests as well as the quality standard applied
should conform to the manufacturers’ recommendations. They should also
comply with good engineering practices, regulatory requirements, industry
practices, facility policies or prior experience.

Maintenance and Mechanical Integrity. In order to maintain the integrity of
process related equipment, each process should have established and
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Risk Based Maintenance Overview
The methodology of Risk Based Maintenance (RBM) is based on integrating
a reliability approach and a risk assessment strategy to equipment in order
to obtain an optimum maintenance schedule.

is the industry’s understanding, awareness and accumulation of knowledge
of the hazards associated with production and refining of fossil fuels.
Toxic and combustible gas leaks present a danger to personnel and
equipment in every part of the petroleum industry.

In the first instance, the likelihood of equipment failure scenarios is
formulated. Then, out of the many likely failure scenarios, the ones which
are most credible (most likely to happen) are subjected to an in-depth
analysis including building a detailed consequence picture of each scenario.

The safety requirements of the offshore industry tends to be more
challenging than the onshore industry due to the harsh and extreme
environmental conditions encountered at sea. Also, in that environment
operators and workers cannot simply walk away to a safer area.

From there, a fault tree analysis is drawn up to determine the probability of
failure.

We have already mentioned the Safety Critical Elements that are required to
maintain asset integrity. Within any safe operational environment there also
needs to be some form of emergency safety system that will allow the
process and production systems to shutdown automatically if things do go
wrong.

Finally, risk is computed by combining the consequence analysis and the
probability analysis results.
The calculated risk is then compared against known acceptable criteria. This
known acceptable criteria guides the selection of the frequency of each
maintenance task in order to reach the acceptable level of risk.
This methodology is used to answer two questions:
1.
2.

Which equipment should be included in a scheduled
maintenance programme?
When should the maintenance be scheduled?

Techniques, principles and importance of safe operation, standard
operation procedures and maintenance. Hazards in the oil and gas
industry have changed very little since the first oil wells were drilled and the
first barrels of oil were refined. However, what has changed over those years

The shutdown system may be activated at various levels where different
levels of command take place.
For example, it is unlikely that a process would be shutdown, blown down
and vented (level 5) just because smoke was detected within a switch-room
or boiler room.
However, a lesser level of shutdown would be activated, possibly shutting
down equipment in that area and sounding alarms to warn personnel of the
smoke and the need for investigation.
Within this system there will usually be:


an Emergency Shutdown (ESD) system that can be activated
automatically or manually if parameters are exceeded. This may
shutdown sections of the process or the full process itself
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emergency shutdown valves (Isolation & HIPS) and blow down
(Vent) valves
a fire and gas monitoring system that will activate the Emergency
Shutdown (ESD) system upon detection of fire or gas
blow down and vent system to get rid of inventory if required
an automatic firewater deluge system to contain fire
a temporary safe refuge for personnel (TR)
Pre start-up safety reviews

Pre start-up process safety reviews are conducted in oil and gas plants prior
to start-up of new process facilities and introduction of new hazardous
materials or chemicals into facilities. They are also conducted following a
major turnaround and where facilities have had significant process
modifications or maintenance shutdowns.
The pre start-up safety review assures that the following has been
accomplished:









Construction and maintenance materials and equipment used are
verified as in accordance with design criteria
Process systems and hardware, including computer control logic,
have been inspected, tested and certified
Alarms and instruments are inspected, tested and certified
Relief and safety devices and signal systems are inspected, tested
and certified Relief and safety devices and signal systems are
inspected, tested and certified
Fire protection and prevention systems are inspected, tested and
certified
Safety, fire prevention and emergency response procedures are
developed, reviewed, in place and are appropriate and adequate
Start up procedures are in place and proper actions have been taken









A process hazard analysis has been performed and all
recommendations addressed, implemented or resolved and actions
documented
All required initial and/ or refresher operator and maintenance
personnel training, including emergency response, process hazards
and health hazards, is completed
All operating procedures (normal and upset), operating manuals,
equipment procedures and maintenance procedures are completed
and in place
Management of change requirements for new processes and
modifications to existing processes have been met

Control of ignition sources during maintenance operations. In the UK,
the Dangerous Substances and Explosive Atmospheres Regulations 2002
(DSEAR) provided, for the first time, a specific legal requirement to carry out
a hazardous area study and document the conclusions in the form of zones.
Although this legislation is specific to the UK, its guiding principles can be
used anywhere to formulate control measures necessary to mitigate risks
associated with ignition sources.

Hazardous Area Classification for Flammable Gases and Vapours. Area
classification may be carried out by direct analogy with typical installations
described in established codes, or by more quantitative methods that require
a more detailed knowledge of the plant.
The starting point is to identify sources of release of flammable gas or vapour.
These may arise from constant activities; from time to time in normal
operation; or as the result of some unplanned event. In addition, inside
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process equipment may be a hazardous area, if both gas/vapour and air are
present, though there is no actual release.
Catastrophic failures, such as vessel or line rupture are not considered by an
area classification study. A hazard identification process such as a
Preliminary Hazard Analysis (PHA) or a Hazard and Operability Study
(HAZOP) should consider these abnormal events.
The most commonly used standard in the UK for determining area extent and
classification is BS EN 60079 part 10, which can be broadly applied.
The current version makes clear the direct link between the amounts of
flammable vapour that may be released, the ventilation at that location, and
the zone number. It contains a simplistic calculation relating the size of zone
to a rate of release of gas or vapour, but it is not helpful for liquid releases,
where the rate of vaporisation controls the size of the hazardous area.
Other sources of advice, which describe more sophisticated approaches, are
the Institute of Petroleum (IP) Model Code of Practice (Area Classification
Code for Petroleum Installations, 2002), and the Institution of Gas Engineers
(IGE) Safety Recommendations SR25, (2001).
The IP code is for use by refinery and petrochemical type operations. The
IGE code addresses specifically transmission, distribution and storage
facilities for natural gas, rather than gas utilisation plant, but some of the
information will be relevant to larger scale users.

Ignition Sources - Identification and Control
Ignition sources may be:




















flames
direct fired space and process heating
use of cigarettes/matches, etc.
cutting and welding flames
hot surfaces
heated process vessels such as dryers and furnaces
hot process vessels
space heating equipment
mechanical machinery
electrical equipment and lights
spontaneous heating
friction heating or sparks
impact sparks
sparks from electrical equipment
stray currents from electrical equipment
electrostatic discharge sparks
lightning strikes
electromagnetic radiation of different wavelengths
vehicles, unless specially designed or modified, are likely to contain
a range of potential ignition sources

Sources of ignition should be controlled in all areas designated as hazardous
by a combination of design measures and systems of work. These include
the following:
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Use of electrical equipment and instrumentation classified for the
zone in which it is used. New equipment will need to be selected
using the same criteria
All plant/equipment to be earthed
Elimination of surfaces above auto-ignition temperatures of
flammable materials being handled/stored
Provision of lightning protection including snuffing systems on vent
stacks
Correct selection of vehicles/internal combustion engines that have
to work in the zoned areas to include equipment such as spark
arrestors on exhaust systems, etc.
Appropriate selection of equipment to avoid high intensity
electromagnetic radiation sources, e.g. limitations on the power input
to fibre optic systems, avoidance of high intensity lasers or sources
of infrared radiation
Prohibition of smoking/use of matches/lighters
Controls over the use of normal vehicles
Controls over activities that create intermittent hazardous areas, e.g.
tanker loading/unloading
Control of maintenance activities that may cause sparks/hot
surfaces/naked flames through a permit-to-work system
Precautions to control the risk from pyrophoric scale, usually
associated with the formation of ferrous sulphide inside process
equipment

16.4

Fire and explosion risk (see Annex 2)

16.5

Boilers and furnaces

Hydrocarbons are usually stored in tanks like those shown here. However,
depleted wells and salt caverns are also used as storage facilities.
For the purposes of this module we will be concentrating solely on storage
in tanks.
The type of tank used and the measures used to control risk of it failing will
depend upon the product that they are storing and the quantity of product
involved.
Gases, such as propane, may require refrigerated or pressurised storage.
Oils, on the other hand, don’t normally need these additional conditions.
However, the volatility of the oil and the quantity to be stored are further
considerations to be made when deciding the type of tank is to be used.

Tanks may be quite small (e.g. 1,000 m3) or very large (e.g. 50,000m3).
Consequently, the foundation on which the tank is built should be substantial
enough to take the weight of the tank when full. This is not a straightforward
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calculation to make as the density of oil varies from approximately 0.8 to 1.3
tonnes per m3.
Furthermore, it is not just the foundations that determine the amount of
product to be stored. Tank support structure and shell design will also be a
consideration.
Each and every tank will have a defined maximum volume. If the tank is
overfilled, there is risk of tank rupture, pipeline rupture and/or overflow
leading to a spill.
Traditionally, tanks are vented to atmosphere but this is becoming less
acceptable on environmental grounds and vapour return lines are now
common.
There is a need to monitor tank quantity and this can be done either manually
by sight gauges, or remotely with fixed gauges that feedback a signal to a
central control room. These signals are usually linked to an alarm system
that will indicate high or low levels.
Theoretically, it is possible to link an auto-shutdown mechanism into these
alarm systems.
However, if product is being pumped from a remote source over which the
receiver has no control (e.g. tanker, remote refinery or storage), then autoshutdown mechanism may not be possible and shutdown is dependent upon
good communications and procedures.
For this reason, communications and procedures should be standardised and
agreed prior to the transfer of any product.

Integrity Management
Storage tank integrity needs to be well managed since tanks can contain large
amounts of hazardous liquids and their failure has the potential to result in
catastrophic events.
Tanks are often thought of as simple structures that require little attention.
Nevertheless, the way they can deteriorate or become damaged can be
complex and varied.
Arrangements for managing the integrity of atmospheric storage tanks are
usually not as comprehensive and robust as for other process plant and
equipment. The list of management practices on the following slides
summarises what are regarded as good practices.










Tanks containing hazardous substances should be identified and
entered in the plant register
Operators should maintain tank data files
Compatibility assessments should be undertaken (e.g. tanks on
multi–product service)
Tanks should be subject to formal periodic maintenance and
inspection
Inspection and maintenance of tanks should only be carried out by
experienced and qualified competent persons
Schemes of inspection should be established and agreed between
Operators and Competent Persons
Appropriate inspection techniques should be utilised, depending on
deterioration mechanisms
Inspection reports and checklists should be of high quality
Where necessary, recommendations from inspection reports should
be actioned promptly
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Assessment for fitness for service should be carried out following
tank inspection and significant changes to process or operating
conditions
Operators and Competent Persons should have knowledge of, and
adopt the recommendations given in, the relevant guides, codes and
standards
Tank examination schemes should include both internal and external
inspections

Damage Mechanisms. At many sites, tanks may be required to store
different substances over the period of their working life cycle. This can have
a significant effect on their integrity, not only from the threat of direct
chemical attack and corrosion (e.g. incompatibility between the substance
stored and the tank material of construction) but from other factors such as
product density, chemical stability, volatility, concentration, temperature and
erosion.
A wide range of damage mechanisms can cause a storage tank to deteriorate
and fail. Many of these damage mechanisms can operate simultaneously.
They include:








corrosion
erosion
creep
fatigue
chemical attack
mechanical damage
brittle fracture

Corrosion is the gradual destruction of material, usually metals, by chemical
reaction with its environment. In the most common use of the word, this
means electrochemical oxidisation of metals in reaction with an oxidant such
as oxygen. Rusting, the formation of iron oxides, is a well-known example
of electrochemical corrosion. This type of damage typically produces oxides
or salts of the original metal.
The vast majority of storage tanks are constructed from carbon steel and
corrosion is a prime cause of deterioration of them and their accessories.
Corrosion can be attributed to both external attack (from the atmospheric
side) or from an internal attack (from the product side).
An example of internal corrosion from the product would be where crude oil
is stored. The storage of crude oil can create a state where sulphate reducing
bacteria (SRB) is produced which can severely corrode steel components.
Being internal, the corrosion may go unnoticed for some time.
Corrosion is rarely uniform. However, random, localised, pitting corrosion
attack, particularly of flat-bottomed tank floors appears to be the most
common failure. This can be topside down, especially where there is an
aqueous phase (aqueous meaning water present within the product), or
underside up.
Product temperature also appears to be an important element in the amount
and rate of corrosion.
Other factors which can affect bottom up corrosion are the condition of, and
materials used in the construction of, the tank base; the effectiveness and
durability of the floor to base seal; and the slope angle of the berm or tank
pad away from the base.
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Although it is common to refer to some tanks as flat-bottomed, the floor may
actually be a cone shape. The shape can be both cone-up or cone-down.
Cone-up floors are the most common and allow settled water or bottoms
product to gravitate to sumps around the edge of the tank. Cone-down floors
normally have a sump at the centre of the tank.
For tanks in crude oil or other liquid hydrocarbon service, any water that is
present in the product, or has entered through seals or natural breathing, will
naturally collect as a layer in the bottom. This is often referred to as a ‘water
bottom’.
Along with any sediment, bottoms product often contains aggressive
compounds and in some instances monitoring the pH of drained water may
be regarded as good practice in monitoring and controlling corrosion.
It is important that operators adopt good drainage procedures where water
can accumulate in the bottom of tanks.
Corrosion attack of the lower shell strakes is also common, as is attack of
annular plates where these are fitted. This is often caused by poor bund
drainage where rainwater is allowed to settle around the tank.
Edge lamination of annular rings is also commonly seen in these
circumstances. BS 2654 recommends tanks > 12.5m diameter should be
constructed with annular ring plates.
For the reasons outlined above, many operators arrange to have the bottoms,
and typically the first metre of their tanks, painted or coated to provide
increased corrosion protection.
Deterioration and failure of tank drains is a common occurrence. Drains are
often the most vulnerable point on a tank with regards to corrosion. This is

especially the case where drains run through channels under the floor.
Because they are difficult to inspect and the culverts are often submerged in
rainwater and full of debris, they are often overlooked.
Water draw-off sumps are also vulnerable parts of the tank, particularly those
which are centrally located on cone-down type floors.
Whilst wall thicknesses are generally greater than that of the floor, as we’ve
mentioned earlier, both the inner and outer walls are at potentially threat from
corrosion.
On occasions, corrosion attacks can strike at lower shell strake welds, and
on other occasions to the floor directly under the dipping point. There is a
particular corrosion mechanism associated with floating roof support legs
striking plates called fretting-related corrosion. This repeated contact
removes any protective layer of rust scale that may have formed resulting in
increased corrosion rates.
External corrosion is also often found where fittings are welded to the tank
shell or at water traps, for example around and below wind girders, stairwells
and vertical/spiral stairway connections.
Other areas of increased corrosion attack are typically at the liquid/vapour
interfaces and areas around vents and breathers where oxygen and humidity
levels can be higher.
It is not unusual that the first sign of deterioration of a tank’s roof is when
daylight is seen through holes in the roof when the tank is internally
inspected. Consequently, when undertaking maintenance or inspections,
extreme care must be taken when walking on a tank roof as its integrity
cannot be taken for granted.
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Some operators highlight roof walkways by painting them in a different colour
or use a non-slip coating and carry out additional inspections in these areas.

applying an insulation free area for about the first 8 to 10” (200 to 250mm)
from the tank base will minimise any wicking effect.

Internal damage to tank roofs can occur where the product is more corrosive
in its vapour phase and due to general condensation in the roof space. It can
be particularly prevalent around vents and breathers.

With stainless steel tanks, chloride stress corrosion cracking is the main
cause of degradation. This kind of corrosion is temperature dependent and
the main problem areas are the nozzles and attachment points around steam
heating coils.

There are a number of different designs of floating roofs and inspection of
their many features, such as rolling ladders, deck plates, seals, drains,
pontoons and guides, is carried out from the top.
As for fixed roofs, care should always be taken when walking on them and,
if the tank is in service, access is normally restricted if the roof is below a
certain level (normally top dip or no more than 2m from the top).
Access to pontoons or the inter-space of double deck roofs should also be
restricted if the tank is in-service.
Another common external corrosion attack is Corrosion Under Insulation
(CUI). Here the operating temperatures are critical and many tanks contain
liquids that are stored in the ‘at risk’ range of 50 to 100°C.
There is also increased risk of corrosion where insulating material is high in
chlorides. Again the damage tends to show itself as pitting attack, particularly
around the bottom edge of the insulation material. This is particularly the
case if the insulation is not cut away. In these circumstances a ‘wicking’
effect is created which draws up and retains the moisture thus creating the
perfect conditions for on-going corrosion.

Erosion is the process of material wearing away. In storage tanks and
associated pipework this is generally (although not always the case) where
areas experience large amounts of product flowing over the surface.
Erosion is generally found at points of increased flow or change in flow
direction particularly adjacent to fill and discharge nozzles. It is especially
common in tanks containing sulphuric acid.
In many cases increased thickness of materials or backing plates are used
where erosion is identified as a threat.

Creep. Cold creep (or stretching over a period of time) is a well-understood
deterioration mechanism but it is limited to non-metallic thermoplastic tanks.
These tanks can be temperature sensitive which can compound the problem.
High-density polyethylene (HDPE) is particularly vulnerable, losing strength
as temperature increases.

Effective preventative measures are to implement good insulation and
cladding standards; effective sealing at vulnerable areas, for example, the
shell to roof joint; insulation supports; small-bore penetrations. Finally,
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Fatigue. Pressure vessel storage tanks are more prone to fatigue defects
than tank storage vessels. This is because the membrane stresses in
pressure vessels are much greater.
However, for tank storage vessels which have high cyclic fill/empty service
periods, areas of high stress, such as the floor to shell welds and annular to
shell welds could be susceptible to fatigue defects as well as some areas
around nozzles.

Carbon steel is suitable for the storage of a large number of chemicals.
However, some chemicals such as dilute acids will react with carbon steel.
Stainless steels are often used where purity and quality of the stored
chemical is paramount. However, where welding is required, these areas can
be susceptible to stress corrosion cracking.

Many operators utilise dye penetrant and MPI NDT techniques to inspect for
fatigue induced defects.

High-density polyethylene (HDPE) and glass reinforced plastic (GRP) tanks
have poor high temperature properties. They also suffer from ultraviolet (UV)
light degradation and environmental cracking. These are all well understood
failure modes for non-metallic tanks.

In Glass Reinforced Plastic (GRP) tanks fatigue is a recognised feature and a
defined service life for these tanks is standard.

It is a fundamental principle that the materials used for the construction of
the storage tank should be compatible with the chemicals to be stored.

Chemical attack. The threat to tank integrity through chemical attack and

Additional considerations may be required where chemicals are stored at
elevated temperatures as the properties of the tank material can degrade as
temperatures increase. This is especially true with non-metallic materials.

incompatibility between the products stored and the material of construction
is significant.
The most common construction materials for storage tanks are carbon and
stainless steels, thermoplastics, polypropylene, PVC, PVDF, HDPE, and
laminates such as Glass reinforced Plastic (GRP).
Aluminium tanks are also employed but these are generally used for hoppers
and silos and in low temperature applications. They appear to be less
generally used for normal liquid storage.
Tanks utilising a variety of lining and coating materials are used although
tanks clad with a metallic coating are quite rare.

Mechanical damage to storage tanks can be caused by:







impact
differential or non-uniform settlement
over-pressurisation
vacuum
excess dead loads such as snow or ice
wind inflicted damage
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The buckling of shell plates and other externally inflicted damage should be
noticeable through good inspection regimes. Shell buckling can have severe
effects where tanks are fitted with floating roofs, as can differential settlement
and tilt.
Snow and wind loads are the most common threats to a tank’s structure and
buckling of the shell due to wind gusts is quite common. Serious damage
has also occurred on floating roof tanks where rainwater drains have blocked
or failed.
Buckling of shells and catastrophic failure have also been caused by internal
vacuum where vents have become blocked.
Subsidence can occur, particularly on weak and compressible ground. Many
tank farms are sited on recovered land, often alongside rivers and other
environmentally sensitive areas. All of the tank codes stress the importance
of the operator’s/designer’s understanding of the subsurface conditions and
the soil properties.
Frost heave and frequent freeze-thaw of the ground can also affect tank
foundations as can exceptionally high tides in tidal areas. This can lead to
uniform or differential settlement, planar tilt and edge settlement. In addition
to causing roof binding on floating roof tanks and cracking of welds, it can
also affect connected piping systems.
As a precautionary measure, many of these connecting piping systems are
fitted with bellows or flexible joints of varying design to compensate for
movement or distortion.

In making the decision whether the tank should be anchored to the ground
or not, many factors should be taken into consideration. These will include
such things as tank foundation type, deadweight, product weight, pressure
uplift and roof frangibility. These must be balanced with other risks e.g. tanks
floating if bunds fill with rainwater or leaking product or wind loads.
Where anchor bolts are fitted, the design codes do specify a minimum bolt
diameter and their spacing. Clearly, condition evaluation of anchor bolts is
fundamental if they are fitted. This can be carried out in conjunction with the
foundation inspection.
The poor impact resistance of non-metallic tanks is well recognised.
Mishandling of these types of tanks during their initial transport to their site,
as well as poor workmanship during installation, have often resulted in their
premature failure.

Brittle fracture. Where brittle failures of tanks has occurred, it is quite often
shortly after construction. This is especially the case during hydro-testing or
on the first filling in cold weather.
Experience has shown that once a tank has demonstrated satisfactory
service, the risk of failure due to brittle fracture in normal operation is
minimal.

It is worth noting that flat-bottomed tanks can be anchored to the ground
with bolts, but this is not a mandatory design requirement.
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Floating roof tanks, landing the roof, sinking the roof and rim seal
fires / failures
Storage tanks are used extensively in the oil and gas industry and when there
are a number of them and they are part of a complex, they are referred to as
a ‘tank farm’.
Storage tanks come in many different sizes and designs, and the size and
design is dictated by the quantity and type of product they are expected to
store.
Storage tanks come in many different sizes and designs, depending on the
quantity and materials they are designed to contain.
There are tanks with fixed roof and those with floating roof. Tanks with
floating roofs can have an ‘internal floating roof’, or an ‘external floating roof’.
Storage tanks with what are known as ‘external floating roofs’ have a
containment cover which floats inside the shell walls, but is open to the
elements.
Storage tanks with an internal floating roof still have a containment cover
which floats inside the shell walls, but has a roof covering over the outer
shell.
External Floating Roof Tanks. An external floating roof tank is a storage tank
commonly used to store large quantities of petroleum products. It comprises
an open-topped cylindrical shell, usually manufactured from steel, which is
equipped with a roof that floats on the surface of the stored liquid.
The roof then rises and falls with the level of the liquid in the tank. There is
no vapour space (ullage) in the floating roof tank (except where very low
liquid levels are experienced).

Picture 60 :© US Environmental Protection Agency

In principle this eliminates breathing losses and greatly reduces the loss of
product through evaporation. There is also a rim seal system between the
tank shell and roof to reduce rim evaporation.
The roof has support legs hanging down into the liquid. At low liquid levels
the roof eventually lands of the bottom of the tank and a vapour space forms
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between the liquid surface and the roof, similar to a fixed roof tank. We shall
be looking at this aspect later in this section.
Advantages of External Roof Tanks are usually installed for environmental or
economical reasons to limit product loss and reduce the emission of volatile
organic compounds (VOC). In normal situations (when the roof is not
landed), there is little vapour space. Consequently, there is a much smaller
risk of internal tank explosion.
Disadvantages of External Roof Tanks. Rain water and snow can accumulate
on the roof. This can lead to the roof sinking. Water on the roof is usually
drained from a flexible hose that runs from a drain-sump on the roof, through
the stored liquid to a drain valve on the shell at the base of the tank. However,
this hose is susceptible to leaks, and if it does it will drain both water and
product.
Internal Floating Roof Tanks. Some tank systems may require an internal
floating roof. As with the external floating roof, there is a floating roof
covering the product but this is then covered over by a fixed roof.





landing the roof
sinking the roof
rim seal failures and rim seal fires

Landing the Roof. This is where the level of the liquid in the tank falls far
enough for the deck legs to ground on the bottom of the tank.
This can damage the roof itself or it can damage the tank.
The void between the liquid and the roof will grow and allow a build-up of
vapour within a confined space as the vacuum breaker vent allows air to filter
under the roof. This has a potential to cause fire and/or explosion.
Sinking the Roof. With internal roofs, if the roof sinks the ullage space will
quickly fill with flammable vapours and create a fire/explosion hazard.
However, the volatile atmosphere will be contained within the tank beneath
the fixed roof.
With external roofs, if the roof sinks, the flammable vapours are free to evolve
and drift away and may meet a source of ignition.
For this reason all tanks should be well earthed and lightning conductors
erected to prevent lightning striking the tank. They should be frequently
checked for earth continuity.

This situation can be caused by the roof becoming unbalanced for some
reason. Causes include:
There are issues to be considered with either type of floating roof system.
These include:




build up of rain or snow
use of access ladders on one side of the roof
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in certain parts of the world, earthquake activity may have a
destabilising effect on the roof
With internal roofs, if the roof sinks the ullage space will quickly fill
with flammable vapours and create a fire/explosion hazard.
However, at least the volatile atmosphere is contained within the
tank.

Rim Seal Failures. Floating roofs have a seal at the rim. This is to ensure
vapours don’t escape and to ensure contaminates don’t get into the stored
liquid.
Most systems incorporate a twin seal so that there is a back-up system in
place should the primary seal fail. However, without regular inspections or
detection systems, rim seals can fail and allow vapours to escape un-noticed.
In such cases there have been occasions where an electrical storm has
created a set of circumstances which have created a spark within the tank.
This has subsequently ignited the vapour and caused a fire.

Picture 61: Diagram reproduced with kind permission of Grishma Global
Technologies FZC

For this reason all tanks should be well earthed and lightning conductors
erected to prevent lightning striking the tank. They should be frequently
checked for earth continuity.
There are also rim seal fire fighting systems available.
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Fixed roof storage tanks, pressure and vacuum hazards
Fixed roof tanks can either be self-supporting or have internal supports for
the roof.

In warm weather, or when the sun is shining on the tank, the product will
warm up and expand. This will increase the internal pressure.
In other circumstances, such as cold weather, the product may cool and
create a vacuum.
The tank structure will be designed to allow for a specified pressure or
vacuum. However, if those design parameters are exceeded, there is a risk
of tank failure. In order to avoid this potential catastrophic failure, other
design measures are put into place.
Use has traditionally been made of a pressure/vacuum relief valve (p/v valve)
that is fitted near to the top of the tank. Alternatively, it can be fitted on
associated pipework.
When pressure in the tank reaches a pre-determined level, the valve is
activated and allows pressure, in the form of product or gas, to be expelled
from the tank, thus protecting the integrity of the structure.

Understanding the loads and pressures exerted on storage tanks in different
situations is an important part of controlling the hazards they generate.
As product is pumped into a tank, pressure begins to build up on the
structure itself with a tendency to push the walls outwards.
When a tank is emptied the opposite happens and a vacuum is created, and
with the external atmosphere being greater than the internal atmosphere, the
walls of the tank will tend to be pushed in.
Whilst the product is being stored, if it is volatile, gases will evolve and these
will also have a tendency to increase pressure.

Under conditions where a vacuum was created within the tank, the valve is
so designed to allow air to be drawn into the tank, again protecting the
integrity of the structure.
More modern systems employ an expansion or pressure exchange system.
This is where the expelled product or gas is directed to another tank rather
than to atmosphere.
In the case where a vacuum is being serviced by the system, inert gas is
drawn in from an external source.
As effective as these systems are, it still remains the case that careful
management of storage facilities can often prevent problems arising in the
first place.
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Bunding of storage tanks including volume and area sizing,
construction and valving arrangements
Bunding of Tanks. It is important that contingencies are in place to cover for
a situation where a storage tank does rupture and its contents are spilled out.
The normal contingency to cover such a situation is to build a bund around
a tank or group of tanks. A bund being an embankment.






Damage to neighbouring businesses
The risk to personnel offsite (local residents)
Flooding into catchment ponds, interceptors, etc. and reaching public
sewers, drains and waterways
Business shutdown, loss of revenue, loss of company good name
and image

This acts as a containment wall to hold the product in place until such time
as it can be dealt with. It also stops the product spreading too far, seeping
into the ground, or seeping into the drainage or water systems. It also
reduces (although it does not eliminate) the risk of fire and/or explosion.
We have listed below some of the effects and consequences of a tank failure
which is not contained by a bund.
Environmental effects:





Contamination of the surrounding ground area
Contamination of water courses should the spill reach public sewers
and drains
Impacts on wild life and aquatic life
Evaporating fuel from the spill having an effect on the ozone layer

Consequences and effects:






Fire. (Impingement on other plant and equipment)
Explosion (BLEVE)
Uncontrolled release of a substance which may be toxic
Health risks to personnel on site
Contamination with other products

Because bunds are meant to contain any amount of spillage and stop it
escaping or seeping into the ground, they need to be built on an impervious
base. The bund itself also has to be impervious.
As we’ve mentioned, the whole idea of a bund is to contain any amount of
spillage. Consequently, it must be designed to contain all of the contents of
the full tank(s) it surrounds plus 10% (i.e. 110% of the maximum volume of
the tank).
The bund itself must be complete, that is to say it must not be breached. Any
pipelines must go over the bund rather than through it.
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Access to the tanks inside the bund must again be over the bund rather than
through a gate.

the tank grouping will not conflict with one another and, preferably, are the
same.
When considering compatibility, different grades of the same product may be
acceptable (e.g. fuel oils vary as do gasoils and kerosenes).
There should also be some sort of High Level Alarm warning system on the
bund linked to the central control room to warn the control room operators
of any leaks.
The bund wall should also be substantial enough to maintain its integrity
during fire conditions.

Filling of tanks, overfilling/alarms/tanker connections
Transfer of Product product from one location to another comes with its own
inherent hazards. Any transfer operation has the potential of leakage or
overfill, and measures must be taken to minimise such risks. We are going
to look at transfers involving storage facilities.
Arrangements must be in place to deal with any spillage which is contained
within the bund including any residue. Similarly, arrangements must be in
place to remove rainwater which might accumulate within the bund.
Situations have occurred in the past where rainwater has been allowed to
build up within the bund and this has coincided with a low volume of product
within the tank. The result was that the tank actually floated up from its
anchorage points.
Tanks can be individually bunded, or be bunded as a group. However, where
tanks are bunded as a group, it is important to ensure that products within

Transfers can be from a marine tanker to a storage facility, or vice versa.
They can also be from road or rail tankers to a storage facility, or vice versa.

Transfer of Material Between Marine Vessels and Tanks. The filling of tanks
must be monitored, and in the case of filling from or to marine tankers,
procedures are followed which minimise the risks associated with such
hazards. These include:


secure connections of pipes and hoses used in the transfer operation
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drip trays beneath all connections and close monitoring of
connections
control room monitoring of flow rates and quantities. This includes
alarm systems to indicate when tanks are nearing their filling point.
There are also sensors indicating the trim of the marine vessel so
that adjustments can be made to the ballast of the vessel
adequate venting arrangements in place to ensure vapour is
dispersed properly and safely. This will include monitoring wind
direction and strength. Low wind speed can be an added hazard as
the dispersion of vapour in these conditions is minimal and it can
build up in dangerous quantities without being apparent. If there is
an ignition source nearby, the results can be catastrophic
venting extends to both the recipient tank as well as the donor tank.
Although we have just mentioned venting arrangements to the
recipient tank, similar arrangements need to be in place for the donor
tank as air, or more likely inert gas, will have to replace the volume
of product transferred
fire control measures such as fire fighting equipment should be
made ready before transfer commences
bonding of the vessel to the terminal to eliminate static charge
sparking
fire wires deployed on the vessel to give tugs a means of moving the
vessel away from the terminal quickly in an emergency

Picture 62: Tanker loading at jetty

Picture 63: Oil loading arms
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close monitoring of flow rates and quantities. This includes alarm
systems to indicate when tanks are nearing their filling point
adequate venting arrangements in place to ensure vapour is
dispersed properly and safely. This will include monitoring wind
direction and strength. Low wind speed can be an added hazard as
the dispersion of vapour in these conditions is minimal and it can
build up in dangerous quantities without being apparent. If there is
an ignition source nearby, the results can be catastrophic
venting extends to both the recipient tank as well as the donor tank.
Although we have just mentioned venting arrangements to the
recipient tank, similar arrangements need to be in place for the donor
tank as air, or more likely inert gas, will have to replace the volume
of product transferred
fire control measures such as fire fighting equipment should be
made ready before transfer commences
bonding of the tanker to earth in order to eliminate static charge
sparking
emergency escape routes noted before transfer commences

Picture 64: Unloading oil from barge. ©f Rix Oil, Hull.

Transfer of Material Between Road/Rail Tankers and Tanks. As with marine
vessels, similar arrangements should be followed in order to effect a safe
transfer between road/rail tankers and tanks. These include:



secure connections of pipes and hoses used in the transfer operation
drip trays beneath all connections and close monitoring of
connections
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Picture 65: Bottom Loading of Road
TankerTypical loading arm used for top filling
of road tankers. ©Loadtec Engineered
Systems Ltd

Picture 67: Top loading of road tanker with compliant fall prevention measures
in place. ©Loadtec Engineered Systems Ltd

Pressurised / refrigerated vessels for LPG/LNG/CO2

Picture 66: Road tanker bottom
filling
connectors.
©Loadtec
Engineered Systems Ltd

Liquid Petroleum Gas (LPG), Liquid Natural Gas (LNG), and Carbon Dioxide
(CO2) all require specialised pressurised / refrigerated / insulated storage
facilities in order to keep the product contained and safe.
We shall now look in more detail as to what these special measures are and
how they are applied.

LNG Storage. Liquefied Natural Gas (LNG), requires to be stored in
specialised types of storage tanks. The common characteristic of LNG
storage tanks is their ability to store LNG at very low temperature (-162°C).
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In order to do this
effectively the storage
tanks have double
skins, with the inner
skin containing the
LNG and the outer skin
containing insulation
materials.
The most common tank
type is the full
containment tank. Tanks are roughly 55 metres high and 75 metres in
diameter (250,000 m³).
With LNG storage tanks,
if LNG vapours are not
released, the pressure
and temperature within
the tank will continue to
rise.
LNG is a cryogen, and is
kept in its liquid state by
maintaining very low
temperatures.
The
temperature within the
tank
will
remain
constant if the pressure
is kept constant by
allowing the boil off gas

to escape from the tank. This is known as auto-refrigeration.

LPG Storage. Liquid Petroleum Gas (LPG) must be stored in special pressure
vessels in order to keep it in its liquid form. This is because at ambient
pressure and temperature it turns to gas.
If the containers are cylindrical and horizontal, they are referred to as ‘cigars’
or ‘bullets’, whereas circular ones are known as ‘spheres’.
LPG containers that are subjected to fire of sufficient duration and intensity
can undergo a boiling liquid expanding vapour explosion (BLEVE).
Due to the destructive nature of LPG explosions, LPG is classified as a
dangerous good.
The measures employed to overcome such events include adding design
features which provide a fire-resistance rating.

Loss of containment is the one single event which has the greatest
potential for catastrophic consequences, including loss of life and plant.
In one sense, the number of incidents is quite startling. However, because
of the numbers involved, it is possible to glean a picture of where the most
likely incidents are likely to occur. Furthermore, lessons learned from such
incidents can be invaluable in putting in place measures and controls which
have the greatest effect on reducing the potential for such incidents.
We shall now look at the findings of a report produced by the HSE on reported
Loss of Containment Incidents during the period covering 2004/05.
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It is possible to categorise 69% of incidents as either being as the result of
an incorrect action by an operator (37%), or equipment / plant failure (32%).

The remaining 42% of incidents were spread across the other cause
categories.

The remaining 31% of incidents were spread across the other primary cause
categories.

Further analysis of equipment failure revealed underlying causes as:

Operator Error. It is possible to categorise 78% of incidents involving
operator error as follows:





34% were attributable to inadequate operating procedures
18% were attributable to inadequate plant design
14% were attributable to inadequate supervision
12% were attributable to management of change







Furthermore, the figures confirmed the following aspects:



The remaining 22% of incidents were spread across the other cause
categories.
The main causes given under operator error were:






human error
impact / dropped object
procedural violation
inadequate isolation
incorrect installation

Equipment Failure. Of those incidents attributable to equipment failure, 58%
were as follows:



30% were attributable to inadequate maintenance
28% were attributable to inadequate design

corrosion
defective equipment
overpressure
stress / fatigue / vibration
unstable equipment

56% of incidents occurred during normal operating mode. It had
always been presumed that the majority of incidents occurred
outside of normal operations. These figures show the opposite.
Where problems were highlighted regarding parts of plant or
equipment, the results were spread across all the categories with the
highest results being against:
o
flexible hoses – 18%
o
storage vessels – 14%
o
pipework – 12%

When it came to costs of incidents, the average figures for individual
incidents was as follows:




damage to property and plant in the establishment - £252,545
business interruption - £645,280
clean up costs - £259,109

Total cost per incident £1.15 million
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As we have seen from the findings of the report, controlling loss of
containment is about implementing the basic control measures and taking
sensible precautions.



Loss of containment can come about due to failure of the following:




pipework / hoses
tanks and vessels
valves

As we have seen, 56% of incidents involve the first two pieces of equipment
alone.
The failure of these pieces of equipment can come about because of:




Failure Mode: In order to avoid failure mode, it is essential a
programme of Planned Preventative Maintenance is established.
Over and above this there should also be a programme of surveying
including Non Destructive Testing (NDT) on critical plant. Finally,
testing should also be conducted on critical plant including closure
speeds on Emergency Shutdown Valves (ESDV).
Accidental Acts: In order to avoid accidental acts causing failure, it is
essential measures are taken and procedures put in place which
address this issue directly. These include ensuring the Safety
Management System is adequate, appropriate and up to date (i.e.
has been reviewed recently and takes into account any changes in
management or procedures). Access to plant and specific areas is
restricted to those persons who need to be there. This may include
permit-to-work systems in certain areas. Ensuring personnel are fully
trained and competent at their jobs. This should include refresher
training. Having surveillance equipment and procedures in place
including CCTV and monitoring.

Deliberate Acts: In order to avoid deliberate acts causing failure, it is
essential that measures are taken and procedures put in place which
address this issue directly.
•
Having surveillance equipment and procedures
in place including CCTV and monitoring and
regular patrols undertaken by security staff.
•
Access to plant and specific areas is restricted
to those persons who need to be there. This
may include permit-to-work systems in certain
areas.
•
When visitors are given access to the asset, a
‘buddy
up’ system should be employed
whereby a member of the in-house staff
accompanies the visitor at all times.
As we have mentioned, loss of containment can have catastrophic
consequences and we only have to mention Piper Alpha, Buncefield
and Deepwater Horizon to paint a vivid picture of death and
destruction.

Knowing how these situations arose can help to avoid them recurring.
Consequently, we will now be covering the following issues:





Jet fires and pool fires
How hydrocarbon vapour clouds are generated and their potential
consequences
BLEVEs, CVCEs and UVCEs
Pipelines, their protection, surveying, maintenance, security against
arson and illegal tapping
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A jet or spray fire is a turbulent diffusion flame resulting from the combustion
of a fuel continuously released with some significant momentum in a
particular direction or directions. Jet fires can arise from releases of
gaseous, flashing liquid (two phase) and pure liquid inventories.
The picture on the right shows a jet fire under test conditions. ©Booth
Industries

Jet fires might develop from other events like an explosion or the burn back
of a cloud fire.

Pool Fires are a turbulent diffusion fire burning above a horizontal pool of
vaporising hydrocarbon fuel where the fuel has zero or low initial momentum.
Fires in the open will be well ventilated (fuel-controlled), but fires within
enclosures may become under-ventilated (ventilation-controlled).

Jet fires represent a significant element of the risk associated with major
accidents on offshore installations. The high heat fluxes to impinged or
engulfed objects can lead to structural failure or vessel/pipework failure and
possible further escalation.

Pool fires may be static (e.g. where the pool is contained) or 'running' fires.
Pool fires represent a significant element of the risk associated with major
accidents on offshore installations, particularly for Northern North Sea (NNS)
installations that may have large liquid hydrocarbon inventories.

Furthermore, the rapid development of a jet fire has important consequences
for control and isolation strategies.
The properties of jet fires depend on the fuel composition, release conditions,
release rate, release geometry, direction and ambient wind conditions.
Low velocity two-phase releases of condensate material can produce lazy,
wind affected buoyant, sooty and highly radiative flames similar to pool fires.

The picture on the right shows a fire
emanating from a leaking pipe
flange. The fuel gushing out from
the leak is clearly causing a jet fire,
but you can also see pools of fuel

Sonic releases of natural gas can produce relatively high velocity fires that
are much less buoyant, less sooty and hence less radiative.
Jet fires have ‘zero’ inertia – they reach full intensity almost instantaneously.
In principle they can also be turned off very quickly and this has important
consequence for control and isolation strategies. In this sense, the initial
release rate is only one parameter – the change in release rate and associated
fire size and the total duration are equally important considerations.
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at the left, the right and to the rear, all of which are creating pool fires.

A key feature of these fires is that there is a degree of feedback between the
fire and the fuel in that, to a greater or lesser extent, heat transfer back from
the fire to the pool influences, or even controls, the rate of evaporation and
hence the fire size and other characteristics.
The fuel pool is not necessarily static - it may be spreading or contracting.
Additional fuel could be coming from a leak. Depletion of the local fuel supply
can occur via drainage or overflow to other areas – perhaps giving rise to
running liquid fires. The fire has ‘inertia’ in that it takes a short time to
develop and cannot be quickly eliminated by isolating the fuel supply.

Running liquid fires are broadly similar to pool fires in that they rely on
thermal feedback from the flame for their fuel vapour supply, but the liquid
fuel can be on surfaces of any orientation and in motion.
The hazardous characteristics of pool fires and running liquid fires that
determine their potential for harm are:





pool spread
ignition and spread of flame
flame extent and geometry
external thermal radiation field

How
Hydrocarbon
Vapour Clouds are
Generated and Their
Potential Consequences
Accidental releases of
flammable liquids or
gases can result in the
formation of a cloud of
flammable vapour that is
often dense relative to
the ambient conditions.
This means it will stay at
a low altitude as
opposed to rising and dispersing in the upper atmosphere.
If ignition sources lie in the path of the vapour cloud, a fire may occur with a
region of combustion propagating through the cloud.
The characteristics of the resulting fire depend on the release conditions and
various scenarios may result, including flash fires, fireballs, pool or jet fires
or even vapour cloud explosions if the release is into congested areas.
Under certain conditions, the deflagration process (subsonic spread of the
flame front) may move to a detonation, with the subsequent supersonic
propagation resulting in a significantly more energetic explosion. This is a
key hazard within the oil and gas industry.
If the vapour cloud formed from the release is not within the flammability
limits, or if a source of ignition is lacking, the gas cloud may be diluted and
disperse.
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BLEVEs, CVCEs and UVCEs
The acronyms listed below are all types of explosion related to vapour clouds.
The meaning of each is given below:
BLEVE Boiling Liquid Expanding Vapour Explosion
A vessel which is partly filled with liquid will have a space above it filled with
vapour. If the vessel is ruptured, the vapour will leak and this has the effect
of lowering the pressure inside the vessel.
This sudden drop in pressure inside the vessel causes violent boiling of the
liquid, which rapidly liberates more large amounts of vapour. The pressure
of this vapour can be extremely high, causing a significant wave of
overpressure (an explosion) which may completely destroy the storage
vessel and project fragments over the surrounding area.

If the tank is being heated in an area where there is no liquid, it may rupture
faster without the liquid to absorb the heat. Gas containers are usually
equipped with relief valves that vent off excess pressure, but the tank can
still fail if the pressure is not released quickly enough.
If the substance involved is flammable, it is likely that the resulting cloud of
the substance will ignite after the BLEVE has occurred, forming a fireball and
possibly a fuel-air explosion, also termed a vapour cloud explosion (VCE).

Confined Vapour Cloud Explosion (CVCE) is the type of explosion which
typically occurs following a leak of vapour inside a building.
For a totally confined enclosure, the overpressure generated in a
stoichiometric hydrocarbon-air mixture explosion is about 8 bar (120 PSI).
In practice, most enclosures other than specially designed pressure vessels
cannot resist this overpressure and the maximum pressure is reduced by
venting which may be deliberate (in the case of explosion relief panels) or
unintentional (in the case of windows and doors in a room experiencing an
explosion).

Unconfined Vapour Cloud Explosions (UVCE) are explosions which do not
involve confining geometry and these typically occur in industrial process
plants.
BLEVEs can be caused by an external fire near the storage vessel causing
heating of the contents and pressure build-up. Whilst tanks are often
designed to withstand substantial pressure, a constant source of heat can
cause the metal to weaken and eventually fail.

High overpressures can be generated in this type of explosion, even though
there is a much greater amount of venting area available than is typical for
vented confined explosions.
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The generation of these high overpressures is possible when the vapour
cloud is ignited in the vicinity of plant structures with two key geometric
features
1.
2.

can potentially be generated which are of the order of the speed of
sound

Dense distribution of obstacles in the path of the flame-front
A configuration of parallel planes (such as compartment
boundary wall or pipe-rack layouts) which provide a degree of
confinement for the explosion.

The dense distribution of obstacles increases the rate of volume production
of burnt gas by increasing the flame speed due to turbulence generated by
these obstacles. The configuration of parallel planes restricts the expansion
of the burnt gas so that the flame-front interacts with the structure generating
the turbulence.
The overall process can be summarised as follows:
I.
II.
III.
IV.

V.
VI.

initial volume expansion of burnt gas occurs
the volume expansion produces flow of un-burnt gas ahead of the
flame-front
the flow ahead of the flame generates turbulence when obstacles are
encountered
this turbulence near to the obstacles increases the flame area and
burning velocity of the gas mixture at the flame-front, increasing the
flame speed as the flame passes through the obstacles
the increased flame speed causes increased volume expansion and
flow-rate of gas ahead of the flame
a positive feedback mechanism is established whereby combustiondriven flow increases turbulence which increases the rate of
combustion, involving steps (i) to (v). In this manner flame speeds

Picture 68: An example of an Unconfined Vapour Cloud Explosion was the
Flixborough disaster.

Pipelines, Their Protection, Surveying, Maintenance, Security Against Arson
and Illegal Tapping.
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Pipelines, both land-based and beneath the sea, carry large amounts of
product and are vulnerable to loss of integrity, whether that be from corrosion
or damage (deliberate or accidental).
A full surveillance and maintenance programme should be implemented to
foresee any loss of integrity from corrosion.
Accidental damage can come from trailing anchors under the sea and trawling
activities.
Deliberate damage can come from arson or terrorist attacks or from illegal
tapping.
Security devices are available which can monitor pipelines that are landbased or sub-aqua based. These work on fibre optics and can monitor both
pipeline security and leak detection.
On land-based systems, they can monitor both underground and overground pipelines. As well as leaks, they will detect any activity being
undertaken on the pipeline and relay its location.
Sub-aqua systems will detect leaks and even diver activity within the vicinity
of the pipeline.

Decommissioning is the process which the operator of an offshore oil or

1.

2.
3.
4.
5.

Options are developed, assessed and selected and put through
a detailed planning process that includes engineering and safety
preparation
The operator has to stop the production of oil or gas, plug the
wells deep below the surface and make them safe
All or part of the installation usually has to be removed from the
site
Those parts that are removed have to be disposed of or recycled
Seabed surveys are carried out, as well as ongoing monitoring if
any part of the platform / facility remains in place

In summary, decommissioning is the process of deciding how best to shut
down operations at the end of an installation’s life, closing the wells, cleaning
up, making the installation safe, removing some or all of the facilities and
reusing or disposing of them as appropriate.
There are strict international, regional and national guidelines and regulations
governing the decommissioning process. Most installations will eventually
be reused, recycled or scrapped onshore. Each oil and gas installation is
unique, designed and built for a particular location, water depth and
environmental conditions, and subject to the technology available at the time
of design, construction and installation.

gas installation and pipeline goes through in order to plan, gain approval for
and implement the removal, disposal or re-use of an offshore installation
when it is no longer needed for its current purpose.

The remoteness from land combined with deep water and a harsh
environment makes some of the North Sea and North East Atlantic offshore
installations among the largest and heaviest anywhere in the world.

Decommissioning has five distinct stages:

Reaching a decision on the best decommissioning process for each
installation and pipeline is a complex, rigorous process demanding the
highest degree of responsibility and care in order to balance the protection
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of the environment and other users of the sea with health, safety,
technological and economic considerations during decommissioning
activities.
The key to safe decommissioning, dismantling and disposal of offshore
installations and pipelines lies in proper assessment of the risks, and by
observing safe systems of work. Many hazards and appropriate risk control
measures associated with the decommissioning, dismantling and disposal of
offshore installations are similar to those arising from construction or
maintenance operations carried out both on and off shore.
Until the end of the 1990’s it was expected that many large steel structures
would be disposed of in-situ by toppling them over. This was achieved using
remotely controlled cutting techniques to produce a toppling mechanism at
relatively low risk to personnel.
However, the announcement in 1998 that the UK would comply with the
OSPAR convention meant that from that date large steel structures would not
be toppled in place and all but the base section with pile bottles (or ‘footings’)
must be removed.

maintenance operations are being conducted on deck but other work is also
scheduled to be carried out above the maintenance crew.
Compliance with procedures and good communications, including handover
procedures should be adhered to as standard.
Permit-to-work systems should take into account any conflict of
simultaneous operations. They provide, amongst many other things, for the
control of work activities that may interact or affect one another. They also
provide a management facility where two or more individuals or groups need
to co-ordinate activities to complete the job safely.
In the permit-to-work system in place at the time of the Piper Alpha disaster,
there was no cross-referencing when the work carried out under one permit
affected the work under another. Reliance was placed on the memory of the
designated authority.
This has since changed so that permits-to-work do, as a matter of course,
take into account other activities which may be affected.

Inevitably, this has resulted in decommissioning personnel being in much
closer proximity to the most critical decommissioning operations, and
therefore safety of personnel during these operations has rightly taken a
much higher priority in the risk assessment process.

Managing simultaneous operations involves ensuring there is no conflict
involved in operations being conducted at the same time, or at differing times
but when they might overlap. An example of conflict might be where
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17 Fire protection and emergency response
17.1

Distress signals: sart, pyro and audio

SART. The Search and Rescue Transmitter SART is a transmitter which can
be used to take with you in the lifeboat or life raft. It can also be possible that
the life boat is equipped with a SART. This is by the way not a requirement.
The SART a passive beacon until interrogated by radar frequency. It will then
automatically transmit series of pulses, which are displayed on the radar
screen of passing aircraft or vessels. The pulses are very obvious and
therefore easy to recognise by the radar operator. Once recognised the
navigator can plot the emergency position, the system is only for short range.

PYROTECHNICAL DISTRESS SIGNALS. Pyrotechnics are part of the
signalling equipment found in the inventory of lifeboats, life rafts, ships,
aeroplanes and helicopters. They may play a vital part in locating persons in
distress. Warning: All pyrotechnics should be handled with care. They can be

dangerous when safety is disregarded. Since there are many different types
of pyrotechnics and various manufactures, always make sure to read the
operating instructions first. In order to ensure a safe way of activating the
signal, even by people who do not know how to read the instructions are also
depicted in so-called pictograms. Never activate pyrotechnics facing the
wind!

ROCKET/PARACHUTE FLARE. A flare is a good pyrotechnics to attract
attention over great distance. Useable during day or night, not with fog and
low clouds. The visibility in clear weather is ranging from 30 to 40 sea miles.
When a parachute flare is activated, a rocket is fired to a height of
approximately 300 meters. When the flare is ignited a bright light burns for
about 1 minute, the parachute keeps the flare in the air as long as possible.
During the ascent of the rocket, the wind influences the tail in such a manner
that the rocket turns into the wind. The flare will drift over your position when
hanging on the parachute, giving an indication of your location. Never use
flares when helicopters are nearby! They may damage the aircraft and
interfere with your own rescue!
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SMOKE SIGNALS. The use of the smoke signal is to pinpoint your position
and to indicate the wind direction. Effective only in daytime, not with foggy
weather. The visibility depends on the wind force. After the smoke signal is
activated it must be thrown in the water. The signal will get very hot so don’t
hold it. The signal produces an orange coloured smoke for approximately 3
to 5 minutes. Make sure that the wind blows the smoke away from you, since
the chemicals may suffocate you.

HAND FLARES are used to pinpoint your position. Effective both day and
night, not with foggy weather. The visibility is around 6 sea miles in clear
weather. Never look into the flare. The light may damage your eyes. These
flares provide their own oxygen when burning which means that splashing
waves will not extinguish the flare. They will continue burning even when held
under water. These hand-held flares burn for about 1 minute.

VISUAL AND AUDIBLE DISTRESS SIGNALS
Signal mirror or heliograph. It is possible to attract attention over long
distances, up to 20 miles by reflecting the sun rays to a ship, aeroplane or
coastline. The limitations are that the sun must be shining and it doesn’t work
360 degrees around.

Signalling torch. (Flash light). Very valuable source of light inside your life
raft/life boat. It can also be used to attract attention at close range for instance
to contact other life rafts or lifeboats. Morse code can also be sent. The torch
is waterproof and spare batteries are provided as well.
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Whistle. In the inventory we also find a whistle, just like the ones we have
on our life jackets or survival suits. Not very effective, since the sound of
waves and wind will in most cases overrule the whistle.

17.2

Emergency situations

An emergency situation is a situation in which circumstances pose a direct
threat to the health and/or safety of a human being. An emergency situation
is caused by:

Radar reflector. This will provide in a better reflection on the radar screen of
a searching vessel, airplane or helicopter. It is important that the radar
reflector is installed in a correct way. (Not to be used together with SART)





fire or explosion;
uncontrolled leakage of liquids, gasses, biological agents or
radioactivity;
impending disasters, such as extreme weather conditions, natural
catastrophes, social upheaval, (threat of) terrorist attack and damage
to the infrastructure, for example inaccessible roads

When dealing with an emergency situation, one must go through three
stages:
1.
2.
3.
1)

the initial reporting of the emergency situation;
acting upon the situation and carrying out measures;
termination of an emergency situation.
INITIAL REPORTING OF AN EMERGENCY SITUATION

The initial report of an emergency situation should give information about
how the situation should be described and which data should be
communicated.
2)
ACTING UPON AN EMERGENCY SITUATION AND CARRYING OUT
CORRESPONDING MEASURES
Depending on the extent and severity of the emergency situation, a number
of actions should be carried out:
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3)

evacuation
intervention {extinguishing fires, securing the area and evacuation)
rescue operations
emergency assistance.

If you hear an evacuation signal (alarm), you must do the following:
1.
2.
3.

TERMINATION

During this phase, the emergency situation ends. It must be made clear who
is responsible for the announcement of the end of an emergency situation
and how this announcement is made.
Practice drills and training sessions should be organized so staff members
(on-site personnel, temporary workers and contracted workers) will know
what to do in emergency situations .This also allows a company to test their
emergency response plan.

ALARM AND EVACUATION ACTION
PLAN. An emergency situation might
mean the premises need to be
evacuated.
During
evacuation
(clearing). everyone must be clear
about the instructions given and know
how to behave when an alarm goes
off. Make sure staff know where the
assembly points are and which
provisions
(emergency
exits,
stairwells and evacuation routes) are
available.

4.

5.

Immediately stop doing the task you are busy with.
Stop all external communication (telephone conversations).
Follow the intervention team member's instructions (emergency
assistance team).
Using the evacuation route map, make your way to the assembly
point (do not use lifts, travel in the same direction as the wind,
and move in the opposite direction of the source of the
emergency).
Report in upon arrival at the assembly point.

Always consider your personal safety first!

EMERGENCY ASSISTANCE. Every business must have its own emergency
assistance team (BHV). Emergency team members are fully trained and must
be supplied with the required first aid equipment. BHV tasks are:




the administering of first aid;
combatting an incipient fire;
the evacuation of everyone present on company premises during
emergency situations.

Legal guidelines state that evacuation practice drills must be carried out at
least once a year. Every staff member is required to attend, even temporary
staff and visitors. Emergency team members organize these practice drills.
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(INTERNAL) COMPANY EMERGENCY RESPONSE PLAN. Every business
must have a company emergency response plan, so that everyone knows
what they should be doing in an emergency situation.

Emergency Plan

A company emergency response plan is an internal document listing the
company's prepared measures and equipment for emergency situations. The
purpose of an (internal) company emergency response plan is to limit the
negative effects of a possible emergency situation.

As part of their responsibilities, plant managers and their employees will be
expected to do everything they can to avoid emergency situations occurring
on their site, including fire, explosion and uncontrolled release of hazardous
substances.

At introduction, a company must give the following information to all staff
members (including temporary workers such as those employed through
agencies or via a contractor):

However, even in the best circumstances, emergencies are still possible and
can occur at any time on any type of plant.









a floor plan of the company premises (with evacuation route,
evacuation assembly points, sites where first aid equipment is kept
and the location of available intervention equipment);
which warning signals are used (which alarm for which emergency);
instructions and information concerning evacuation practice drills;
how accidents and emergency situations should be reported and
how these reports can be cancelled;
how to notify internal/ extern al emergency services;
that the cause of an emergency situation should, if at all possible, be
removed.

17.3

Emergency response

Because emergency situations are always possible, there should always be
the necessary resources in place to deal with them. These will include





Designated workspaces having the correct emergency equipment.
Having adequately trained and competent people in place in order to
organise and manage any emergency situation so as to reduce
damage to facilities and/or harm to employees and the public.
Robust emergency response procedures in place which cover all
eventualities.

Offshore, the problem is compounded because of the lack of readily available
emergency services to assist in dealing with any major incident.
Operators of top-tier COMAH sites are required to:

A floor plan of the company premises, warning signals and evacuation
practice drill information are all included within an evacuation plan. The
evacuation plan is part of the company emergency response plan.




notify basic details to the ‘Competent Authority’ under the COMAH
regulations
take all measures necessary to prevent major accidents. However,
should they occur, they should have in place measures to limit their
consequences to people and the environment
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In addition, they also have to:





prepare and update a safety report
prepare and test an on-site emergency plan
supply information to local authorities for off-site planning purposes
provide certain information to the public about their activities

We are now going to look at the on-site emergency plan which, to be
effective, must be based on a full appreciation of the potential for major
incidents at that particular site or installation.

On-Site Emergency Plan. Under the COMAH (onshore) and Safety Case/
PFEER (Offshore) regulations, it is a requirement for the operators of a
top tier COMAH site, and for the duty holder of an offshore installation,
to carry out an assessment to do the following:








Identify all the major hazards associated with their operations
Identify various events which could give rise to the need for
evacuation escape and rescue to avoid or minimise a major accident
Produce a well-defined plan which identifies the organisation and
arrangements for the management of an emergency
Outline the formal command structure
Demonstrate that the people in command are competent (competent
being defined as having sufficient training and experience and any
other relevant qualities)
Demonstrate that there are enough people to respond to any
emergency and operate all the equipment










Show that the procedures, by way of emergency response to be
followed in different circumstances, are tested and practiced as often
as may be appropriate
Show that the guidance within the plan is very specific. This
requirement offshore is for one person, the Offshore Installation
Manager (OIM), to take overall charge in an emergency, and onshore
the named competent person until such times as the emergency
services take over command of the emergency
Show that for onshore sites, there are plans for both onsite and
offsite should the emergency not be contained within the site and
affect the general public
Include measures for site clean-up remediation following an incident
For onshore sites, to prepare a MAPP (Major Accident Prevention
Policy). This policy is designed to guarantee a high level of
protection for persons and the environment by appropriate means,
structure and management system (SMS)

Prior to the explosion at Buncefield, the possibility of a massive Vapour Cloud
Explosion (VCE) at a tank farm was not considered a credible or likely
scenario. Because of this, the consequential escalation pattern of the
explosion was also never thought through.
What actually happened was that the massive VCE consumed and affected
multiple storage tanks in the vicinity of the explosion.
Yet at Buncefield both of these types of events did happen and the lack of
foreseeing such an event reflected in the severity of the explosion and
consequential damage thereafter.
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The key to developing both effective major hazard controls and effective
emergency arrangements is for the operator’s assessment of any major
hazard potential of a site to be thorough and comprehensive.
Getting this bit right will result in documents, such as the COMAH safety
report and emergency planning arrangements, being comprehensive and
relevant.
Operators should therefore take an integrated approach to assessing
preventive and responsive needs and actions.
The same applies to offshore installations where there is an even greater
need for adequate training and competency arrangements for the people
managing major emergencies. Emergency response procedures need to be
robust, well-practiced and easily understood.
The role of personnel within the emergency command centre when dealing
with, and making decisions during, an emergency is crucial. It is essential,
therefore, that these personnel are adequately trained including having
undergone practice drills covering all conceivable scenarios.

Learning From the Past. Lord Cullen, during his investigation of the
Piper Alpha disaster, realised that during any offshore emergency, the first
10 minutes of any incident is the most critical.
This is because decisions made, or not made, in this period can have a
fundamental effect on the final outcome.
Furthermore, there are two key roles that are critical in the decision making
process. They are the roles of the Offshore Installation Manager (OIM) and
the Control Room Operator (CRO).

One of Lord Cullen’s 106 recommendations following his inquiry into the
Piper Alpha disaster was that people who perform these roles should be given
additional training in order to raise their competency levels to a point where
they can effectively respond to and manage major emergencies offshore.
Assessment standards were set up to test the competency of the Offshore
Installation manager and the Control room operators offshore in dealing with
Management Of Major Emergencies (MOME).
The main features of a good emergency response system are as follows:













It should identify which emergencies are most likely to occur
It should identify those emergencies which are less likely to occur
but if they did, could cause a lot of damage or loss of life
It should establish and set up an adequate warning system (alarms,
PA, flashing lights) to let everyone know when there is a problem
It should ensure alarms, where positioned, are loud enough, bright
enough and clear enough so as to be noticed in any conditions or
wherever anyone is on site or installation.
It should ensure alarm responses applied to specific emergencies
comply with established standards applied throughout the industry
It should ensure remote shutdown facilities are installed so that noone has to go into a danger area to isolate equipment
It should provide for back-up arrangements in case emergency
equipment is damaged or fails
It should ensure enough specific equipment is provided for the types
of emergency that have been planned for (protective clothes, firefighting equipment, radios, etc.)
It should establish clear plans for each type of emergency
(Emergency Response Procedure (ERP) document)
It should establish well-written procedures
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It should provide for testing of the procedures and monitoring of
performance in exercises and drills
It should ensure equipment and/or procedures are changed as
necessary following lessons learned from exercises and drills
It should provide clear instructions concerning roles and
responsibilities during an emergency
It should set out contingency plans in case someone in the
emergency team is missing (i.e. appoint deputies)

Preparing for Emergencies. As we mentioned earlier, when planning
for emergencies it is essential to assess a site’s hazards and risks to find out
what are the most likely and most damaging emergencies that could arise.
This will then show how most emergencies would start and evolve, and how
best to detect them.
It will then be possible to build a response plan that matches the emergency
that is likely to evolve from each of the hazards or scenarios identified.
Part of that preparation will be to make a decision regarding what information
everyone will need in order to handle these emergencies.








Once all that has been completed it will then be necessary to set out
what resources will be needed. These might include:
detectors and alarms (Fire and Gas systems)
an emergency command and control (ECC) centre
access and escape routes
fire-fighting and first aid equipment
power supplies, including back-up supplies
communication equipment (phones and radios)







remote controls to shut down or isolate plant including clear
procedures and checklists (Safety Instrumented System (SIS),
Emergency Shutdown System (ESS))
protective clothing and special equipment (e.g. breathing apparatus,
cutting or lifting gear)
a competent, well organised emergency team with clear
responsibilities assigned to all
help from off-site emergency services (onshore) (e.g. fire brigade,
ambulance and police)

It is essential the plan works under all foreseeable conditions (e.g. day or
night, in all weathers, with personnel off sick or on leave, with contractors or
visitors on site, with emergency team members missing or busy).
Emergency plans must be exercised under realistic conditions as often as is
needed to maintain competence.
Records must be kept of what happened in these exercises. The information
or analysis evolving from these records should be used to improve any
aspect of the emergency response found to be less than satisfactory.
Different forms of exercise should be deployed, from ‘table top’ exercises to
full muster drills.

Actions during an emergency. If we now look at what actually happens
during the course of an emergency, we can understand what is required of
everyone and when these things should happen.
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We will first look at the start of an emergency. The Start – A sensor is
triggered which then activates an alarm on the control panel in the control
room.
The alarm, which can be manually operated or automatic, alerts the control
room operator to the fact that there is a problem. From this point, the control
room operator might raise the main alarm to alert everyone on site.
Automatic shutdown equipment may also be activated, shutting down plant
and equipment.
The emergency team assembles and all other personnel on site go to their
muster stations. A roll call establishes who is present and if anyone is
unaccounted for.
Whilst this is going on the emergency team are gathering information to
decide the following:










what triggered the alarm (a fire, leak, release of gas)
where the problem is
possible hazards (smoke, flames, chemicals, unsafe structures)
what to do next to deal with the problem (stop the leak, put out the
fire) and to deal with its effects, or in the case of an offshore
installation, determine if the asset should be abandoned
what plant and process might need to be shut down and isolated.
This could well have already happened automatically by the
Emergency Shutdown System (ESD) being activated
rescue and treat casualties; clean up; save property
medivac injured offshore personnel

If the emergency continues the emergency team should:









keep everyone informed at muster about the situation
liaise with outside help. This may involve the emergency services
setting up command and taking over the situation at an onshore
incident
Consider if external agencies should be requested to assist (fire
service, ambulance, support vessel, helicopter etc.)
consider evacuating the site or, in the case of an offshore installation,
abandonment
manage the effects of stress on others (mainly to avoid errors)
gather any information which may be relevant and currently available,
if it is safe to do so

When the emergency ends the emergency team should:





satisfy themselves the emergency is over and stand down
find out if it’s possible to restore operations at the site/installation
set out to investigate the incident
repair damage, etc.

Actions After an Emergency. After an emergency, site management
should learn as much as possible from the emergency about plant safety and
emergency response. That is to say which decisions and actions were
successful and which were not. This should lead to deciding what changes
are necessary to:





the overall approach to emergencies
facilities and equipment
procedures
emergency team structure
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competence
whether the safety culture supported the execution of the plan

Management should also pass on information to other companies so the
industry in general can learn from those experiences.





state the benefits the organisation will gain by accomplishing the plan
state the scope of the plan including to whom it applies and the
overall impact of accomplishing the plan
list the plan components including statement of policy and its legal
authority

This may also be done by the enforcing authorities in the form of safety alerts.
Responsibilities and Authority – this should:

Contents of an Emergency Plan. Now we understand why an
emergency plan is needed and what purpose it serves, it is easier to
understand what information is needed in an emergency plan
An emergency plan should contain information on the following aspects:











Policy Statement
Responsibilities and Authority
Task Organisation
Information Distribution Procedures
Preparedness Checklist
Response Checklist
Recovery Checklist
Training Programmes
Testing Procedures
Communications Directory






state the position of person(s) with overall authority
list responsibilities of all essential positions and any deputisations
that may apply
state the position of person responsible for distributing the plan
describe overall responsibilities of employees

Task Organisation – this should:






outline the chief co-ordinator’s duties and responsibilities
outline the response team’s duties and responsibilities
outline the recovery team’s duties and responsibilities
outline the damage assessment team’s duties and responsibilities
designate other assigned teams or key positions

Information Distribution Procedures – this should:
Policy Statement – this should:


state the purpose of the plan including its goals and objectives and
the means to reach those goals and objectives



establish formal verbal communication linkages, both primary and
secondary
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establish formal written communication linkages, both primary and
secondary
develop and list communication alternatives
develop courier policy, procedures and contingencies





develop schedules and plans for conducting tabletop exercises
develop schedules and plans for conducting functional exercises
develop schedules and plans for conducting full scale exercises

Communications Directory – this should cover:
Preparedness/ Response and Recovery Checklists – these should:





develop preparedness steps for each emergency scenario based on
the risk assessment
categorise checklists based on the three types of emergencies i.e.
technological, natural and civil
segregate the four phases of emergency management
integrate efforts and results with the other phases

Training Programmes – this should:





establish goals and objectives for training all employees
develop specific training programmes for emergency responders
develop specific training programmes for specialised teams
develop a plan for training personnel outside the organisation who
have a role

Testing Procedures – this should:


establish goals and objectives for conducting exercises based on
emergency scenarios

















employees work and home telephone numbers
employees addresses (emergency personnel)
listing of emergency call hierarchy
inventory of vital records
inventory of computer and related supplies
listing of municipal agencies and contacts
maps of area
listing of pertinent customers
facility telephone numbers and addresses
telephone and fax numbers and addresses of vendors and
contractors
inventory of essential equipment
inventory of communications equipment
listing of local utility companies
listing of hospitals and care facilities
listing of television, radio and newspaper telephone numbers and
addresses

In an offshore incident, most of the things listed under ‘communications
directory’ would be taken care of by the onshore safety management team,
who the OIM would be in close liaison with throughout the emergency
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Fire and Explosion Strategy. We’re now going to look at how the
emergency plan addresses and incorporates a fire and explosion strategy.



The enquiry which followed the Piper Alpha disaster brought about several
fire and explosion strategies detailing specific risk based fire protection
features. These were:











accommodation and control rooms should be distanced and
segregated from the production process wherever possible
segregation of control rooms and Emergency Command and Control
centres using blast and fire walls
the fitting of Subsea Isolation Valves (SSIV) in sea lines and wells
the fitting of a High Integrity Pipeline Protection Systems (HIPPS)
valve system
external fire protection fitted to accommodation and Temporary
Refuge (TR)
air tight Temporary Refuge (TR) always under positive atmospheric
pressure
separate Emergency Command and Control (ECC) centre in the
Temporary Refuge (TR) when the control room is not situated within
in the TR

Other offshore recommendations that came from the Piper Alpha enquiry
were:


(97) the operators formal command organisation, which is to
function in the event of an emergency, should form part of the
installations Safety Management System (SMS)



(98) the operators criteria for selection of Offshore Installation
Managers (OIMs), and in particular their command ability, should
form part of the Safety Management System (SMS)
(99) there should be a system of emergency exercises which
provides OIMs with practice in decision–making in emergency
situations, including decisions on evacuation
(100) the operator’s system for emergency drills and exercises
should form part of its SMS (Safety Management System)
(105/106) that all personnel carry out minimum requirements in
emergency control before going offshore and that a central register
is kept for trained personnel. This is now known as Basic Offshore
Safety Induction and Emergency Training (BOSIET)

Over and above the recommendations forthcoming from the Piper Alpha
enquiry, the following are also sensible measures to be taken on an offshore
installation to reduce the risks and/or consequences of a fire or explosion.








Occupied buildings require an assessment of the hazards and risks
they might be vulnerable to in the event of a major incident. This
should include temporary and secondary refuges
Protected emergency escape routes
Reduce the amount of over rides and inhibits built into the
Emergency Shutdown (ESD) system & Fire and Gas (F&G) systems
Have failsafe and fireproof ball valves within the Emergency
Shutdown (ESD) system (Tandem seal) in the event of a fire
Enclose Emergency Shutdown Valves (ESDVs) with fireproofing
Deluge operating skids should be situated outside the area they are
protecting
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Have automatic door closures fitted in accommodation areas to
prevent the spread of smoke and fire
Install Very Early Smoke Detection Apparatus (VESDA) in all
enclosures that contain rotating equipment and electric drives
During design stage, minimise the amount of flanged pipework to
reduce leak possibilities
Improve the mechanical and natural ventilation to allow production
area atmosphere changes. This might mean the reduction of
enclosed areas (wind walls) or reducing the amount of equipment in
certain areas. This would assist in dispersing any gas leaks before
they are allowed to accumulate
During the design stage, minimise the inventory
Reduce the number of hazardous substances stored on the
installation
Have internal access to the helideck from the Temporary Refuge (TR)

Alarms – importance of response. When an emergency arises at an onshore site, there is a requirement to warn everybody on the site, as well as
the general public in the vicinity, of that emergency.
This is done by activating a warning siren which is loud enough for everybody
on site and in the surrounding area to hear the siren and be aware of the
pending emergency. Furthermore, for reasons of clarity, the siren will be of
one type only for all incidents so that there can be no misunderstanding of
why the siren is broadcasting.

In areas on site that are particularly noisy, or are inside machinery spaces
and buildings, the alarm will be backed up by flashing beacons warning
personnel, who might not have heard the alarm, that an emergency is
pending.
The main site alarm will probably be linked automatically to the control
centres of the emergency services.
All site personnel must undergo training in the procedures to take when a
site alarm is activated. This will include practising evacuation drills and how
to leave the site in a controlled manner include giving the correct notification
when leaving the site (e.g. swipe card, squawk talk back, etc.) to the people
controlling the emergency. This is imperative in helping the emergency
command and control operation to manage the situation effectively by
knowing where everyone is and if any personnel cannot be accounted for.
Offshore, the alarm situation differs somewhat. Siren alarms are still used
offshore but there is harmonisation between all installations to ensure the
same sound is emitted on every single installation.
This is because
personnel work on many different installations during their career and it is
imperative they hear the same warning siren sound regardless of which
installation they are working on.
There are two types of alarm on an offshore installation. The first of these
being the General Platform Alarm (GPA), which is the general alarm calling
all Personnel On Board (POB) to go their allocated muster points.
This type of alarm is an intermittent signal of a constant frequency. These
alarms are now standardised throughout platforms operating within UKOOA
in accordance with the Prevention of Fire, Explosion and Emergency
Response Regulations PFEER, but may differ internationally.
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The second type of alarm used on offshore installations is the Prepare to
Abandon Platform Alarm (PAPA). This is sounded to inform personnel of the
imminent evacuation of the installation. This type of alarm is a continuous
signal of variable frequency.
It is usual for both types of alarm to be backed up with a public address
announcement from the control room informing all personnel of the pending
emergency.

Main Site Alarms. For giving warning of an emergency, by audible and,
where necessary, visual alarm systems, to all persons on the installation; and


For the purpose of emergency response, for communication
between:
o persons on the installation
o the installation and persons not on it and engaged in
activities in connection with it (MODU, SBV, Diving
operations, supply vessels, aircraft, etc.)
o the installation and persons beyond it

Also to ensure that, so far as reasonably practicable, the arrangements are
capable of remaining effective in an emergency (backup).


An illuminated sign or flashing light is provided and is:
o a red flashing sign in the case of warning of toxic gas
o a yellow (amber) flashing sign in all other cases

Regulations require there to be alarm harmonisation throughout the UK
offshore operations.
As with onshore sites, responses to the alarms must be practised and drilled.

Medical emergency planning, tiered response, medical
evacuation procedures and back up resources
Medical Response – On-Shore. The way medical emergencies are dealt
with differs greatly between on-shore and offshore locations.
Onshore, during an emergency involving casualties, the emergency control
and command team will be able to call upon the services of the local
ambulance service. They will take command and triage casualties (casualty
management) and deal with them accordingly. Prior to the ambulance
arriving, local first aiders will be expected to manage the situation.
Emergency medical response to any emergency situation is critical in that
anything less than good can cost lives.
On-shore, emergency services should practice with other outside agencies
the response to multiple casualty handling.

Medical Response – Off-Shore. Offshore, the situation differs because of the
lack of support from external emergency services. Consequently, in the first
instance casualties will have to be dealt with by the platform medic who is
trained in triage (casualty management). He will also have a number of first
aid trained personnel to assist him and the use of a fully equipped medical
suite.
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The medic also has the ability to make a telephone call to an on-shore doctor
for advice. Centres such as the North Sea Medical Centre NSMC can also be
contacted for assistance by telephone or video link.
Usually, there is also a person with Advanced Medical Aid (AMA) training on
the platform’s standby vessel.
Search and Rescue helicopters (SAR) are also available in an emergency to
medivac (medical evacuation) injured personnel off the installation. This type
of helicopter carries a paramedic on board who is available for medical advice
and is trained in triage (casualty management), where multiple casualties will
need to be prioritised.
In any emergency offshore, where casualties are involved, the Emergency
Command and Control (ECC), would always contact the coastguard and
scramble an SAR to assist in casualty management.

Triage is a process of prioritising patients based on the severity of their

Picture 69: Triage Flow Chart

condition. This rations patient treatment efficiently when resources are
insufficient for all to be treated immediately.
The following charts show the initial triage process and the triage flow chart.
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Telephone Triage is another way of prioritising patients based on the
severity of their condition, but in the form of a set of questions asked over
the telephone. It is meant to provide another means of assisting the platform
medic with external help.

of the answers, the triage staff onshore can prioritise and place patients in
their appropriate category of treatment.

As in other forms of triage, the primary tool is the triage checklist. For
telephone triage, the checklist takes the form of a list of questions the medical
staff onshore will ask the platform medic. An accompanying list of answers
assigns a score for each. By asking the questions and recording the scores
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18 Logistics and transport operations
18.1

Marine transport

Hazards of vessels and working over water
Shipping plays a major role in the transportation of unrefined and refined
hydrocarbons around the world on behalf of the international oil and gas
industry sector. The industry also relies upon shipping to provide it with all
the necessary support functions associated with its offshore activities.
Consequently, there are many risks and hazards that are associated with
these marine activities.
Vessels not connected to the oil and gas industry always present a serious
risk to offshore assets through potential collision and/or snagging of
wellheads and associated sub-sea pipelines when dropping anchors or when
they lose steerage because of loss of main propulsion.
Many offshore installations are situated in, or very close to, major shipping
lanes which compounds the issue of errant vessels and the problems of them
straying within the exclusion zone.
The following photographs show the kind of damage that can be inflicted
where ship and asset collide.

Picture 70: © United States Department of the Interior
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Exclusion Zone. The main control for this particular hazard is the creation of
an exclusion zone around the asset. This is patrolled by the platform’s
Emergency Response and Rescue Vessel (ERRV) or by Stand By Vessels
(SBV). These vessels always have close communications with the platform’s
Central Control Room (CCR).
Any vessel wishing to enter this exclusion zone, which extends to 500 metres
around the asset, must seek permission from the Central Control Room and
the Stand by Vessel before entering the zone. Any vessel which tries to enter
the zone without prior authorisation will be warned off by the Stand By Vessel.
Types of vessels usually allowed within the 500 metre zone would be Supply
Vessels, Dive Support Vessels (DSVs) Mobile Offshore Drilling Units
(MODUs), Floating Trinity House Survey Vessels, and coastguard vessels.

Vessel Hazards. Other hazards associated with vessels include:







breakdown, loss of power or loss of steering – leading to drifting,
collision, running aground, etc.
anchoring over pipelines, wells and submerged cables – leading to
damage or rupture of pipelines, wells or cables
explosion during loading/unloading (e.g. Liquid Natural Gas (LNG)
pollution – spillage, leakage, etc.
striking installation (e.g. Platform Supply Vessel in adverse weather)
Man overboard (MOB)

Hazards to personnel who might fall into water include:


drowning





hypothermia
being struck by vessel or debris
becoming entrapped by debris (mainly in lakes and rivers)

Types of Vessels and Activities Associated with the Oil and Gas Industry
We are now going to look at the different activities associated with the oil and
gas industry and the different vessels used to undertake those activities.

Before Production Starts
When an oil and gas company wishes to carry out exploration for
hydrocarbons undersea, it will seek permission from the government whose
territorial waters they wish to explore. Many governments administer this
through a licence system where the rights to explore a particular section of
water is purchased (known as a block).
At this point the company will not know whether there are any hydrocarbon
reserves in the substrate below the seabed or not. In order to remedy this,
the company will commission a geological survey to determine whether or
not the substrate is liable to contain oil or gas.
This can be conducted by commissioning a satellite survey or a seismic
survey (or both). A seismic survey will be carried out by a seismic survey
vessel.
A marine seismic survey is carried out using a seismic survey vessel which
tows seismic streamers behind it, each about 4 kilometres long (2½ miles).
These streamers, which contain hydrophones (very sensitive microphones)
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and associated electronic equipment distributed along its length, are towed
at about 5 knots behind the seismic survey vessel.
Seismic signals are projected down to the seabed, typically by using air guns.
Acoustic signals produced by the seismic sources are directed down through
the water into the earth beneath where they are reflected from the various
strata.
The reflected signals are then received by the hydrophones in the streamers,
and transmitted to the seismic survey vessel where computers can draw 3D
pictures of the earth’s strata. From these pictures it can be determined
whether hydrocarbon reserves might be present or not.

The seismic survey vessel follows a grid like pattern to cover the whole area
within the block requiring surveying. By the very fact that it has to travel at
a slow speed and that its ability to manoeuvre is greatly limited, means there
is risk of damage to the streamers from other vessels.
Shipping within the area is usually pre-warned of surveys taking place. This
is done by issuing information in advance as well as keeping a good watch
on marine traffic in the area.
As and when required, the survey vessel will give regular updates to warn
vessels away. Any messages they do transmit are given with the prefix
“Securite” which means that the message that follows is important safety
information. This is well understood by professional mariners.
Other hazards associated with survey vessels involve those working on the
decks of seismic survey vessels who are at considerable risk as they have to
control the streaming of the arrays and the acoustic sources.
If the result of the survey confirms that the substrate is of a type likely to
contain hydrocarbons, then an exploratory well will be drilled using a Mobile
Offshore Drilling Unit (MODU).
There are, essentially, three types of MODUs. These are:




jack up rigs
semi-submersible rigs
drill ships

Picture 71: Seismic survey vessel with seismic streamers in tow. ©United States
Environmental Protection Agency.
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The semi-submersible rig is towed to its designated location and when in
position anchors will be laid out with the assistance of an anchor handling
vessel. These then hold the rig on station using motion compensation
winches.
Some rigs are dynamically positioned using computer interfaced GPS
systems that control a range of thrusters and winches. Once located, the
pontoons are ballasted down to provide stability.
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Semi-submersibles are prone to movement in a seaway like any other floating
structure. This means that drilling operations may be susceptible to bad
weather which may force drilling operations to be suspended.

Anchor Handling Vessels
When the anchor is released from the deck it takes with it wire and chains
that will be moving at speed. It is essential that at this stage all personnel
are clear.
Winches on the semi-submersible are used to put weight on the anchor
cables once deployed.
Competent and skilled crew, working on well-maintained vessels, are an
essential requirement for the safe application of these operations. Operating
within good safe systems of work may well restrict work to specific weather
windows. Operators will also be required to use appropriate personal
protective equipment (PPE) including lifejackets and safety harnesses, etc.

Drill Ship
In water which is very deep (unlimited depth), drill ships are used. These are
dynamically positioned and very dependent upon appropriate weather
conditions.
The drillship uses DP (Dynamic Positioning) to maintain itself on station using
a series of Azimuth thrusters around the vessel to control its position.
Dynamic Positioning systems often use satellites to control the position of
the vessel.

Pictures 72: Anchor Handling Vessel and Sea Anchors used on Semi-Submersible
Rigs
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Commissioning
If the decision to build a fixed platform is taken, then this will be of a modular
construction and will be undertaken onshore. The various modules are then
transported by barge to the required location.
These will generally consist of the legs upon which the modules will sit
(known as a jacket). The modules comprising of the accommodation module,
the production module etc. are then fixed to the jacket. In effect it is a giant
three dimensional jigsaw.

Picture 73: ©Maritime and Coastguard Agency. The drillship uses Dynamic
Positioning (DP) to maintain itself on station using a series of Azimuth thrusters
around the vessel to control its position. DP systems often use satellites to control
the position of the vessel.

Test Well
Whichever Mobile Offshore Drilling Unit (MODU) is used, the first operation
is to drill a test well to determine how much hydrocarbon reserve is down
there. This is done by carrying out a series of tests which might include
temperature, pressure, flow rate, water content, sand content, condensate
content, etc.
These tests are carried out on the MODU and the results will determine if a
fixed installation should be built or if a wellhead attached to a mono buoy
might be required and a Floating Production, Storage and Offloading (FPSO)
unit used to recover the hydrocarbons.
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identification and monitoring of appropriate weather windows will be
necessary in planning the operation.
Once the fixed asset has been built another offshore vessel known as a pipe
laying/cable laying vessel will be used to construct a pipeline which runs from
the platform to the beach and the terminal/refinery onshore.

All hazards associated with lifting, craning operations and the movement of
material overhead should be addressed with the appropriate controls. These
will include maintenance and testing of the lifting gear, training of personnel
and safe systems of work.
However, the marine environment will be an overriding influence causing the
barge to move during the whole operation as well as offering the potential
for difficult or even extreme weather conditions.
Careful control,

Floating assets
If the test well does not produce vast amounts of hydrocarbon reserve, but
there is still oil and gas down there, a company would consider using
alternative means of extracting the reserves without going to the expense of
building a fixed asset costing millions of pounds. These are known as
Floating Production, Storage and Offloading (FPSO) units.
A Floating Production, Storage and Offloading (FPSO) unit is a floating vessel
used by the offshore industry for the processing and storage of oil and gas.
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FPSOs are usually converted Very Large Crude Carriers (VLCCs) converted
oil tankers, or they can be vessels built specially for the application.
An FPSO vessel is designed to receive oil or gas produced from nearby
platforms or subsea template, process and store it until the oil or gas can be
transferred onto a tanker and transported to the terminal onshore with no
requirement for a fixed sealine.

Offloading Operations
Regardless of what format the hydrocarbon is in, the transfer of product from
the FPSO to a tanker is a hazardous operation. The main hazard associated
with this operation is the two vessels coming together as the tanker
manoeuvres to allow the transfer to take place.

A vessel used to store oil only is referred to as a floating storage and
offloading (FSO) vessel.
Some reserves have a low and diminishing outflow due to depletion of
pressure caused by the continuing extraction operation. However, if the
floating asset can be moved around from one well to another, then near
depleted wells can be more effectively drained. This is because if the well is
left for a while, pressure will build up again naturally so more product can
then be retrieved at a later date.
Another option is to use a technique known as ‘well enhancement’. This is
where water, chemicals and steam are pumped down the well under the
hydrocarbons in order to force them to the surface.
In recent years, the building of purpose built FPSOs specifically for Liquid
Natural Gas (methane) has become more common. This new style of FPSO
is equipped with a reliquefaction process that converts the gaseous methane
into a liquid and stores it at -165°C before it is offloaded to an LNG tanker for
transportation.

Picture 74: Yokohama Fender
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An FSPO on station with its production and service connections.

Although FPSOs are becoming more common, operational safety
performance may still be considered somewhat unproven, especially when
compared with fixed installations. Furthermore, floating installations are more
dependent on the continued operation of some of the marine control systems
during a critical situation.
There is, accordingly, a need to understand the specific aspects of
operational safety for FPSOs, in order to enable a proactive approach to
safety, particularly in the following areas:





Turret operations and flexible risers
Simultaneous marine and production activities
Vessel movement/weather exposure
Production, ballasting and offloading

FSPO Hazard Controls
Accidents are often initiated by errors induced by human and organisational
factors, technical (design) failures, or a combination of both.
FSPO Operations
Floating installations in general, and FPSO systems in particular, combine
traditional process technology with marine technology. The combination of
these two technologies can create unique scenarios which can make it
difficult to foresee all possibilities.
It is essential, therefore, that scenarios involving potential loss of operational
control are assessed as thoroughly as possible at an early stage in the design
of new facilities, in order to optimise technical and operational solutions.

Effective means to prevent or mitigate the effects of potential operational
accidents are therefore important for the offshore and marine industries at
large.
In this respect, being able to predict where accidents might happen is useful.
The issue of hazards associated with operational safety of FPSOs was
addressed in a report written by the Norwegian University of Science and
Technology (NTNU) for the HSE. It identified and ranked hazards as follows:
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Marine and hull related accidents, structural impacts











M1 Hull failure due to extreme wave load
M2 Hull failure or marine accident due to ballast failure or failure
during loading/offloading operations
M3 Leak from cargo tank caused by fatigue
M4 Accident during tank intervention
M5 Passing vessel collision with FPSO or shuttle tanker
M6 Strong collision by supply vessel with FPSO or shuttle tanker
M7 Other vessels or floating structures operating on the field
colliding with FPSO or shuttle tanker
M8 Collision during offloading
M9 Rapid change of wind direction
M10 Multiple anchor failure

Hydrocarbon systems accidents











H1 Leak that may lead to fire or explosion in process plant
H2 Leak from turret systems that may cause fire or explosion in
turret
H3 Leak or rupture of riser
H4 Impacting loads due to crane operations (swinging loads) on a
moving vessel
H5 Dropped object from retrieval of cargo pumps
H6 Severe rolling during critical operations, such as crane operations
H7 “Topside” fire threatening cargo tank
H8 Emergency flaring with approaching shuttle tanker or during offloading
H9 Unintended release of riser
H10 Work in open air spaces during winter conditions

Auxiliary systems accidents






A1 Failure of cargo tank explosion prevention function during normal
operation
A2 Fire or explosion in pump room
A3 Spill from off-loading system
A4 Engine room fire or explosion
A5 Helicopter crash

The report also covers some of the main safety protection features used on
the majority of FPSOs. These include:








The use of purpose built vessels as opposed to converted tankers.
The use of converted vessels implies that some restrictions are
imposed such as the inability to move quarters and/or other rooms
and systems within the hull.
The location of the accommodation unit (including main muster area)
has extensive influence on safety for personnel. Most of the purpose
built vessels have the personnel quarters unit (and the helideck) in
the bow, forward of the turret, implying that mustering is available
upwind of any source of hydrocarbon release.
Having thrusters for active heading control. These systems may also
be used in the case of anchor line failure, in order to compensate for
the failed line(s), and thus possibly prevent escalation into multiple
anchor line failure. There are also clear indications that active
heading control is advantageous during off-loading operations, in
order to reduce risks from these operations.
Off-loading operations should involve maintaining a distance
between the FPSO to the bow of the shuttle tanker in the range of 50
to 110 metres.
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Fire and explosion protection is associated with hydrocarbon
handling, processing, storage of crude oil in the cargo tanks as well
as off-loading. The fire and explosion protection should be in
accordance with standard practice for offshore production
installations, consisting of:
o

Gas detection

o

Fire detection

o

Emergency shutdown system

o

Use of Explosion ‘proof’ equipment

o

Active fire protection

o

Passive fire and explosion protection

All purpose built FPSOs have the process deck elevated some few
meters above the tank top, in order to provide separation between
process and storage.
Protection against tank explosion should be based on traditional
tanker practice, i.e. by means of Inert Gas purging systems.
The fire and explosion protection associated with the off-loading
systems should be integrated in the FPSO’s hydrocarbon processing
systems, and include facilities for emergency shutdown and quick
release of the off-loading hose.
There should be adequate means of emergency escape, usually by
lifeboat, but a secondary, independent means of escape may be a
regulatory requirement. An example might be an escape tunnel
which is usually fire/explosion protected (with active or passive
protection) and overpressure ventilated in order to prevent ingress
of smoke in a fire scenario.

Other means of hazard control measures include:









Having competent captain and crew
Early warning radar
The use of weather stations to predict weather conditions
Adequate Safety Management systems including inspections,
permits-to-work, risk assessments, etc.
Control of helicopter take-off and landings
Power supply systems with back up
An adverse weather policy
Adequate measures in place for dealing with spillages

Single Buoy Mooring
Throughout the world, remotely located wells are often serviced by a device
known as a Single Buoy Mooring (SBM).
The well riser is received by the SBM which has a floating hose attached to
it. When a vessel arrives on location, it secures to the buoy and attaches the
floating hose to the ship using the ship’s lifting equipment. The hose is then
secured to the ship’s manifold ready for product loading.

Picture 75: Single Buoy Mooring. ©Public Relations Department BPCL Kochi Refinery
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In order to stabilise the tanker, a support vessel is secured to the stern of
the tanker to hold the tanker off the buoy. If this was not done there would
be a tendency for the tanker to ride up on the buoy with the potential to
damage the hose with resultant spillage and pollution.

members have been known to be struck, sometimes crushed by loads and,
unfortunately, injuries are sometimes fatal.

Support Vessels
As already mentioned, there is a wide range of support vessels associated
with oil and gas offshore activities and we have already mentioned
emergency response and rescue vessels, anchor handling vessels, pipe
laying vessels and dive support vessels. However, the most common type of
support vessel is the platform supply vessel (PSV).
As its name suggests, it supplies the offshore platform with all the goods,
items, materials, spare parts, repaired parts, etc. it needs and brings back
waste and items that may need to be repaired.
The PSV must work in close proximity to the platform when coming alongside
to work with the platform cranes for unloading operations and therefore the
greatest hazard associated with this vessel is a collision. Other hazards,
including lifting hazards, dropped objects and shock loading from the crane
as the vessel moves up and down with the swell of the sea, are also
significant factors.
Operations on support vessels can be very dangerous for the crew,
particularly if the cargo deck is fully laden. As part of the loading and
unloading operation, the crew act as banksmen/slingers on the deck of the
ship. Because of the lack of predictable stability due to weather conditions
and the sea state, the behaviour of loads cannot be fully predicted. Crew

Summary
The vast majority of incidents associated with marine hazards usually occur
when work activity is conducted outside a safe operating envelope. These
include:






weather – wind, wave height, sea state, precipitation, temperature
movement of the ship associated with wind, wave heights, sea state,
etc.
operating times – day or night, length of operation, crew fatigue
inappropriate vessels – poorly managed, maintained, supplied,
unsuitable for task
inappropriate crew – inexperienced, poorly trained, de-motivated,
language difficulties, too small in number leading to extended
working hours leading to fatigue etc.
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Loading and unloading of vessels at maritime terminals

Ballast Voyage Inerting

Loading and Unloading of Tankers

During the ballast voyage, prior to loading oil, the vessel’s cargo tanks are
inerted. That is to say, the atmosphere in the tanks is filled with an inert gas.

The diagram below shows an example of the typical operation cycle of a
tanker when it is transporting oil. We will look at the marine transportation
of LPG separately.
Although oil tankers vary considerably in size, their cargo handling operations
remain very similar.
After taking a look at the operation cycle diagram we will look at each
operation individually and discuss the hazards associated with it.

Ballast
voyage
inerting
Loading

Gas freeing
operation

Crude oil in itself is very difficult to ignite. However, its hydrocarbon vapours
are highly flammable when mixed with air in certain concentrations. The
purpose of inerting is to create an atmosphere in the cargo tanks in which
hydrocarbon oil vapour cannot burn.
Inert gas is produced from the vessel’s flue gases or from a purpose built
inert gas generator (IGG). Inert gas systems deliver air with an oxygen
concentration of less than 5% by volume. Unfortunately, although they
reduce one hazard, (explosion and/or fire), they introduce another,
(asphyxiation).
Inert gas is an asphyxiant. Leaks of inert gas from pipework within cargo
handling rooms and pump rooms could be fatal to personnel working in these
areas.

operation

Tank
cleaning
operation

Laden
voyage
Discharge
operation
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Once the vessel is alongside the terminal and safely moored, the vessel will
rig ‘fire wires’ fore and aft on the outboard side. The purpose of these wires
is to give tugs an immediate hook-up should there be a need to remove the
vessel from the terminal in an emergency such as a fire.

Loading Operation
When a vessel arrives at a port it will be navigated to its berth, usually by a
pilot who may also be a berthing master/marine co-ordinator. However, in
some ports the masters of smaller vessels which visit the port on a regular
basis will be permitted to proceed without a pilot. This is after they have
undergone an assessment by the port pilot authority which confirms their
competence.
The manoeuvre may require tugs but many ships also have bow thrusters to
assist with final positioning.

Picture 76: Fire Wire to be used in an emergency to tow the vessel away from its
mooring. ©AMSCA Inc

Loading Operation
Prior to loading the tanker, a loading plan is created which specifies:





how much cargo is to be loaded
the de-ballasting plan
names of key personnel involved
emergency shutdown, spill procedures and watch arrangements
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If a vessel arrives for loading, it will usually be carrying water ballast in wing
tanks and double bottom tanks in order to improve its stability and
manoeuvrability.
Next, fire fighting equipment, will be put in place and made ready. This will
include hoses, extinguishers and foam monitors.
Scuppers (openings which allow water to drain away on the ship’s deck) will
be plugged to prevent any accidental spillage of cargo running over the side.
A bonding wire will be rigged between the ship and the shore. This ensures
that there is no potential for an electrical discharge (spark) between the
vessel and the terminal that could cause a fire.
Once the bonding wire is connected, and the ship’s officers, the marine coordinator and the terminal agree it is safe and appropriate to proceed, the
loading arms will be connected between the vessel and the terminal.
An emergency shutdown device (usually an ESD button or Pressure switch)
is erected at a convenient location. This is usually located at the manifold to
allow for an emergency shutdown should something go wrong.
Loading will commence once agreed by the terminal and the vessel. The
maximum loading rate and back pressure will be set, and good
communications will be maintained between the terminal and the ship.

Picture 77: Ballast will be discharged during loading to compensate for the oil filling
the tanks. ©Ian Manion

The manifold areas onshore and onboard will be manned at all times during
loading operations. The progress will be monitored continuously using a load
computer and remote readouts in the cargo control room as seen in this
photograph, and automatic readouts on deck. This also indicates the
stresses being put on the vessel’s hull during loading (known as hogging and
sagging).
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Topping off a cargo tank is a critical part of the loading procedure and must
be done very slowly with crew in attendance to stop cargo operations once
the tank is full.
It’s worth noting that the density of the oil (its specific gravity SG) has a direct
effect on how much (volume) can be carried by the tanker.
Laden Voyage
Once loaded, the vessel can begin its journey. This is known as the laden
voyage. During the laden voyage, there is little to do but ensure the vapour
space above the crude oil cargo remains in an inert state. This is done using
the on-board inert gas system.
If the cargo is of the heated type, a close watch must be kept on the
temperature of the cargo.
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Daily checks are made of the quantity of cargo in each tank and these figures
are logged.

Once the vessel is alongside the terminal and safely moored, the vessel will
rig ‘fire wires’ fore and aft on the outboard side.

The day to day hazards associated with the transportation of oil in a tanker
apply.

Scuppers, if not already plugged, will be plugged to prevent any accidental
spillage of product running over-side.
Cargo surveyors will board the vessel to check the quality and quantity of the
product.
Whilst this is happening, fire fighting equipment, such as hoses, fire
extinguishers and foam monitors will be put in place and made ready.
Prior to connecting the loading arms (often referred to as Chiksans), a
bonding wire will be rigged between the ship and the shore. This ensures
that there is no potential for an electrical discharge (spark) between the
vessel and the terminal that could cause a fire.
Once the bonding wire is connected and the ship’s officers, the marine
coordinator and the terminal agree it is safe and appropriate to proceed, the
loading arms will be connected between the vessel and the terminal.
The ship will use its own pumps to discharge at an agreed flow rate and back
pressure.

Unloading

The ship is ballasted as discharge continues and inert gas is pumped into
tanks being discharged. A vapour return line keeps a positive pressure in the
cargo tanks as cargo is pumped out.

When unloading (discharging) a vessel, the procedure is similar to that of
loading but with a few key differences.

There will be close liaison between the vessel and the terminal during transfer
with a constant watch being kept on both the vessel and the terminal.

A transfer plan is created in the same way as the loading plan.

There will be an Emergency Shutdown facility available on both the vessel
and the jetty at all times.
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On completion of unloading, the quantity delivered will be checked and the
loading arms are blown clear of cargo and disconnected.
The ship’s tanks will be checked to ensure they are empty.
Once everything is agreed to be in order, the documentation will be
completed.

The oil residue washed from the walls of the tank can be pumped to a tank
and allowed to settle out, or it may be pumped directly overboard. Most tank
washing is carried out during the ballast voyage in deep water, as discharging
slops within port limits is not allowed.
The washing is carried out whilst the tank is in an inert state.

Tank Cleaning Operations
Upon completion of discharge there may be a need to clean the cargo tanks
(tank wash). This might be because of a change of cargo or a gas freeing
exercise for maintenance or dry dock. This is carried out using fixed or
portable tank washing machines where high pressure hot water is pumped
to the nozzles on the machine head. This action rotates the head and the
wall of the tank is washed
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Gas freeing operations

Marine Transportation of LPG

When the tank cleaning operation is completed, the tanks can be freed of
inert gas if required. This is to allow maintenance crews to enter the tanks
to undertake maintenance work or because the ship is due to go into dry
dock.

We will now look at the marine transportation of LPG. The following page
shows an example of the typical operation cycle of a tanker when it is
transporting LPG.

This operation involves displacing the inert atmosphere inside the tank with
fresh air. Using the inert gas system, the force draft fan blows fresh air into
the tanks until 21% oxygen is recorded at the top of the tank.
Once the tanks are gas free, additional cleaning may take place if required.
However, vessel entry must be carried out using vessel entry procedures
which may involve breathing apparatus or respirator entry until the tank is
confirmed as gas free.

Although the cycle may become somewhat more complicated for multi
purpose or semi refrigerated type carriers due to the different cargoes that
may be loaded, the basic cycle is the same.
After taking a look at the operation cycle diagram we will look at each
operation individually and discuss the hazards associated with it.
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Warming
up, stripping
and gas
freeing
operation

Cargo tank
drying
operation

conducting a drying process using warm air from the inert gas generator
(IGG).
Cargo tank
inerting
operation

Purging
using LPG
vapour

Cargo
unloading
operation

Laden voyage
cargo control
Cargo
loading
operation

There are no significant hazards associated with the drying process other
than the operation of the inert gas generator and its associated equipment
that produces the warm air.
However, another means of dispersing hydrates is to use methanol. This is
a toxic, hazardous substance which can be absorbed into the body through
the skin.

Cargo
tank
cooling
down
operation

Cargo Tank Drying Operation
Any moisture remaining in a cargo tank when LPG is loaded will cause
problems by creating hydrates (ice). Hydrates create blockages within
pipework, spray nozzles, valves and other cargo handling equipment.
In order to prevent the formation of hydrates and to maintain the quality of
product, moisture in all cargo tanks and associated pipework is purged by
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Cargo Tank Inerting Operation
Prior to the introduction of LPG into the tank, and just like the oil loading
operation, it is necessary to produce an inert atmosphere within the tank.
Inert gas provides a non-explosive atmosphere within the tank in order to
reduce the Lower Explosive Limit (LEL) to a non-flammable level.
Inert gas is an asphyxiate and any leaks within cargo handling spaces, or
compressor rooms, are extremely hazardous as they cannot be detected
using normal gas sampling methods. Suitable precautions must be taken
when entering enclosed rooms whilst the inerting operation is on-going.
The operation of inerting has to be undertaken at an appropriate pace. This
is because if the process of inerting the tanks is undertaken too quickly, the
interface between the air and the inerting gas may possibly be compromised
and the Lower Explosive Limit may suffer as a consequence.

Purging Using LPG Vapour
Once the inerting process is complete, the cargo tanks are purged using LPG
vapour. During this operation checks are made at all flanged joints for
possible leaks. Gas detection is also put into operation which checks the
atmosphere around tank tops and associated equipment.
The LPG vapour purges the inert atmosphere through the vent system to
atmosphere.
This is one of two occasions when LPG vapour might come into contact with
air. Consequently, and in order to control this hazard, particular attention
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must be paid to the final stages of the purge operation so as not to allow LPG
vapour to be vented excessively.
Upon completion of this purge, the atmosphere within the tank sits within the
Upper Explosive Limit (UEL). Consequently, it will not sustain an explosion
as the atmosphere is too rich (no air).

Cargo Tank Cooling Down Operation
It is essential that steelwork within the tank is cooled down in a controlled
manner using LPG liquid. There are several reasons for this:





Avoidance of thermal shock to the steel (premature cracking)
Reduction of boil off gases during loading operations
Reduction of load on the LPG re-liquefaction plant upon completion
of loading
To quickly bring the cargo’s atmospheric temperature and pressure
under control upon completion of loading operations
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Loading LPG Liquid From Shore
Prior to receiving cargo, the following operations are undertaken:








Loading arms are connected and checked for tightness
All ship’s valves are set to the correct position
Liquid cargo lines are cooled down, reducing the chances of leaks
All manifold joints are checked for tightness
Bonding between ship and shore is set up (static release)
Communications are proved
Emergency Shutdown (ESD) system is checked and made ready

Should liquid LPG come into contact with skin, this would cause a cold burn
or possible frostbite. Consequently, it is essential the correct PPE is worn
when checking the systems for leaks.
At the beginning of the loading operation, large amounts of vapour boil off.
This is because the empty cargo tanks are unable to retain the high pressure
needed to sustain a liquid state in the product. Furthermore, the vessel’s reliquefaction plant will be unable to cope with this initial high volume of vapour.
Consequently, in the initial stages of loading, a vapour return line is
connected to the shore in order to handle this vapour. This will eventually
be superseded by the ship’s re-liquefaction plant as the loading progresses.
One further consideration is to monitor the trim of the vessel. De-ballasting
in a controlled manner is essential as a list of 2° - 3° can quickly be
experienced during loading operations.

Laden Voyage Cargo Control
Most of the laden voyage involves using the vessel’s cargo handling
equipment to maintain the cargo at atmospheric pressure and temperature
inside the cargo tanks. Hazards associated with the laden voyage include:




increased pressure within the vapour space could cause tank relief
valves to lift, venting LPG vapour to atmosphere
too much re-liquefaction could cause a vacuum to be pulled on the
cargo tanks drawing air into the tank via the vacuum release system
machinery spaces become hazardous spaces if leaks occur whilst
running equipment, as these areas are totally enclosed
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non-condensable gases are always present in loaded cargoes of
LPG. These gases usually end up in the LPG condenser and,
because they cannot be condensed to a liquid, cause a reduction in
vapour space and a large increase in system pressures. These gases
have to be vented from the system manually to bring the reliquefaction process back within normal operating parameters
the formation of ice on cargo tank tops and pipework can create
slipping hazards
the refrigeration side of the re-liquefaction plant should be pumped
down and the liquid Freon isolated from the system.

Cargo Unloading Operation
As with loading operations, the discharge operation uses the ship’s cargo
pumps and all connections must be checked for tightness before pumping
commences. Discharge starts slowly. Other issues to be considered include:






bonding must take place between the ship and shore to eliminate
static charge
Emergency Shutdown (ESD) systems must be checked and tested
both on the ship and at the terminal
careful consideration must be given to the vessel’s stability
vapour from the shore terminal is used to maintain cargo tanks above
atmospheric pressure as cargo is pumped out
discharging the vessel remains a closed cycle operation
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During cargo change over, the tanks have to be stripped and inerted, which
is a reversal of the purging operations.
The same hazards present themselves but now more LPG vapour is vented
during the purge. During these operations a favourable wind direction is
required and the vessel’s crew is made aware (by means of the tannoy) that
venting operations are taking place.
Once inert, if entry into the tank is required for maintenance or possibly dry
dock purposes, the tanks are purged of inert gas using fresh air.
This completes the LPG cargo handling and operations loop.

Warming Up, Stripping and Gas Freeing Operation
If the same product is to be loaded on the next voyage, the vessel maintains
the temperature of the tanks using the LPG liquid held back for cool down
purposes. The tank’s spray rails are used for this purpose using the vessel’s
re-liquefaction plant to maintain tank pressure. The hazards remain the same
for cool down operations.
If cargo is to be changed to another product i.e. from propane to ammonia,
then additional cargo will be required to be loaded into the ship’s deck
pressure vessels (DPVs). This cargo will be used for purge and cool-down
operations.
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Control of marine operations, certification of vessels,
inspection and approvals
Certification of Vessels
All vessels are required to be registered in what is termed a ‘home port’. This
home port can be in any country that maintains a register of vessels.
The registering of a vessel in a particular ‘home port’ does not mean that the
vessel will ever go there and, indeed, may not be able to do so for practical
reasons (e.g. too big).
The term ‘home port’ therefore refers to the registration of the vessel’s
paperwork rather than the physical presence of a vessel in a port.
The International Maritime Organisation (IMO) develops international
conventions that set out the minimum acceptable standards for the maritime
industry. This includes the construction of ships, the safety equipment they
must carry and the training and certification of crews (amongst many other
standards).
During the registration process, which may be when a ship is being built or
being transferred from one flag state to another, the ship is inspected by the
flag state inspection officers and, as long as it meets the standard, will be
issued with a certificate.
As a separate certificate is issued for each standard, this means that the ship
will end up with a substantial file of certificates. These are renewable at
various intervals. Some are renewable annually and some are renewable
every 5 years with an intermediate survey every 2½ years.

involved where the ship may happen to be when the survey due date
approaches.
On occasions, fraudulent practice has occurred where certificates have been
issued to ships that do not meet the international minimum standards
resulting in unseaworthy ships going to sea. As a means to counter this
practice, the IMO agreed to develop a means of control called ‘Port State
Control’.
Port State Control is where a vessel can be inspected by flag state inspectors
in any port that it visits in order to ensure that it meets international minimum
standards and if it does not, then it may be detained.
Oil and gas companies are very aware of the potential negative impact of
marine accidents on their own reputation as well as the considerable financial
implications. Consequently, they do all they can to ensure that those marine
assets they have on charter to carry their products, or to drill their wells are,
as far as possible, of a better than minimum standard.
This means that tankers are regularly visited by oil and gas inspectors to
determine whether or not they will accept the ship on to their list of approved
vessels. This does not guarantee that the ship will be chartered, it only
approves the ship for charter.
It is not a fool proof system as there are a huge number of variables
associated with marine transport including the condition of the machinery,
the competency of the individual crew members currently on board and the
interface with local assets.

The intermediate survey may take place within 3 months of the due date and
renewing surveys have similar arrangements. This is to allow for difficulties
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Roles and responsibilities of marine co-ordinators,
masters and crew. Roles and Responsibilities of Masters and Crew
On any seagoing vessel, the master is the person responsible for the safety
of the vessel and all those aboard her at all times, except in dry dock. The
master has the absolute right (and duty) to make the final decision on matters
affecting the ship and those aboard.
When the vessel is in dry dock, it becomes the responsibility of the shipyard,
although there needs to be a strict handover and hand-back procedure laid
down.
The number and make-up of the crew will vary from ship to ship depending
upon a huge variety of factors such as size of ship, the nature of the cargo
(and nature of the operation), the intended trade, the nationality of the crew
and the requirements of the owner.
All ships have a minimum safe manning certificate that lays down the
minimum crew, but this is based purely on getting a ship from port A to port
B and doesn’t take into account factors such as maintenance, working cargo,
etc.

Responsibility

Reports to

Master
Chief Officer
/ Mate
Second Mate

Overall command.
Maintenance of deck. Cargo
ops. Bridge watch at sea.

Head office
Master

Navigator. Deck watch in port.
Bridge watch at sea.

Master. Cooperates
with Mate

Boson / CPO
Able Bodied
Seaman
/
SG1
Deckhand
Chief
Engineer
Second
Engineer
Third
Engineer

Maintains LSA and FFE. Deck
watch in port. Bridge watch at
sea.
Deck crew supervisor.
Skilled deck worker. Rigger.
Helmsman.

Master. Cooperates
with Mate

1

Mate
Boson

1
4

Deck worker in training
Overall technical maintenance of
vessel.

Boson
Master

2
1

Engine room maintenance.

Chief Engineer

1

Power generators.

Chief Engineer.
Cooperates with
Second Engineer
Chief Engineer.
Cooperates with
Second Engineer
Second Engineer

1

Mate and
Engineer
Fitter

1

Fourth
Engineer

Anything to do with fuel.

Fitter

Technical maintenance
supervisor
Technical deck maintenance

Pumpman
Motorman

However, a typical sea going tanker’s crew list is set out below.
Rank

Third Mate

N. on
board
1
1

Chief
Steward
Cook
Stewards

1

Cargo
Engineer

General
engine
room
maintenance
In charge of catering and
housekeeping
Housekeeping and waiting on
tables
On LNG carriers, refrigeration
etc. for cargo

Chief

1

1

3

Master

1

Chief Steward
Chief Steward

2
2

Chief Engineer

1
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This structure is religiously maintained and is internationally known. This is
very useful when crew members change vessel because the incoming crew
members will know their jobs straight away. They will also know, in the
hierarchical structure, who they report to, their hours of work, etc. It only
remains for them to be given ship specific safety induction training, etc.
Roles and Responsibilities of Marine Co-ordinator
Depending on where the Marine Co-ordinator is sited will determine the
duties he has to perform. He may be situated on an FPSO/FSU or at a
terminal.
If the Marine Co-ordinator is on-board an FPSO or FSU, he might carry out
the day to day running on this type of vessel much like that of a fixed asset,
especially if the FPSO or FSU is continuously situated on one wellhead.
The FPSO will have some sort of process capability and have no motive
power. In this case, the marine co-ordinator will lead cargo transfer
operations. These will include:





the mooring of the export tanker
connecting and disconnecting of cargo hoses
unmooring
co-ordinating the use of the support vessel

As well as these duties he will also generally carry out any other non-process
related activities.

This is not just for language issues, often there are cultural and legal
differences that arise and must be taken into consideration.
It is in the role of go-between / intermediary that the marine co-ordinator now
acts.
He will work with the crew of the ship (through the master) to ensure that
the transfer of cargo and all other operations are carried out in a safe and
efficient manner. In some ports he will also act as a pilot for the vessel.
The Marine Co-ordinator does not usually have any dealings with the
operation of the vessel’s load/unload systems and will not get involved with
the operation of the vessel at any time as he is not regarded as competent
to do so as his familiarity with the vessel will be limited.
In summary, the Marine co-ordinator, in either of the situations just
described, is responsible for:





on board liaison between the ship’s crew and the asset.
planning, directing and co-ordinating the safe and efficient receipt,
loading and despatch of deep sea oil tankers & LPG tankers from the
terminal.
the safety of personnel & facilities and for the timely and correct
application of the emergency measures according to the defined
contingency plans should things go wrong.

The second role is at a terminal. When export tankers arrive there may be a
language barrier and these situations often benefit from having a go-between
or intermediary.
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Personnel transfers and boarding arrangements
There are three prime methods of boarding vessels specific to the offshore
oil and gas industry.




Gangway
Accommodation ladder
Pilot ladder

We will now have a look at each of these boarding arrangements in a little
more detail.

and, on tankers, it is usually the position for the Emergency Shutdown (ESD)
Facility.
The gangway will always be manned and the watchman is in radio contact
with the officer of the watch. The watchman will keep a Personnel On Board
(POB) list should emergency procedures need to be put into action.
Security procedures are in place (identification checks carried out, relevant
paperwork stating business aboard will be checked, etc.).
At the shore side of the gangway there will also be a fire plan so that in case
of emergency, shore responders can access a plan of the ship.

Picture 79:
Accommodation ladder
boarding. © United States
Navy’s Military Sealift
Command

Accommodation Ladder
Boarding
Picture 78: Gangway boarding. ©Clow Group Ltd

Gangway Boarding
Gangway boarding is the simplest method of boarding a vessel. The gangway
should be equipped with handrails, non-slip treads, a suspended cargo net,

An
accommodation
ladder is a robust form of
gangway, permanently
connected to a platform
on the ship’s side.
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The height of the lower end is adjustable using a powered davit system as
the draft of the vessel changes. Accommodation ladders can be used
alongside a quay (a safety net should be rigged), at anchor, or at sea and in
conjunction with a pilot ladder. Like the gangway, when in use they should
be manned at all times.

Often transfer of personnel from a smaller vessel via pilot ladder takes place
which can be a dangerous operation when trying to judge the swell of the
sea whilst stepping from the ladder onto the second vessel
There are strict rules for construction and use of these ladders. The following
leaflet has been sourced from the International Maritime Pilots’ Association.

Pilot Ladder Boarding

Picture 80: Pilot ladder boarding. ©Atlantic Pilotage

Pilot Ladder Boarding
As the name suggests, a pilot ladder is primarily used for allowing pilots to
board the ship. However, there is no reason for them not to be used for
other personnel, and from time to time they are.
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Sometimes nicknamed “Billy Pugh” after its inventor Captain Billy Pugh, this
method of transfer is not internationally acceptable, but is still used in some
parts of the world. Most famously, the device was used to pick up astronauts
out of the sea from Apollo 11 and 15 during the USA space programme.

The other type of basket is known as the “Frog”. Unlike the Billy Pugh, the
people being transferred climb inside the frog and get strapped into it. It still
requires a very experienced crane operator to ensure safe transfer from
installation to vessel

Basically, the basket is hoisted and lowered by a crane. The personnel being
hoisted stand on the basket’s outer perimeter, lean in towards the net and
hold tight before being lifted.
The main hazard with this type of transfer is of falling off, which can be
controlled by holding tight and using some means to be clipping on. If a
person does fall, then it is best to fall into the water rather than onto the deck
of the support vessel, although the falling person will have little choice in the
matter!
However, in case of someone falling into the water, people being lifted should
wear an auto-inflation lifejacket.
Height clearances at the rig or FSU should be adequate but minimal to reduce
the risk of injury from falling onto a steel deck.

Picture 81: This is the Frog Boat Transfer. ©Reflex Marine Ltd
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Diver operations



Diver Operations. The Diving at Work Regulations 1997 - Approved Code of
Practice, whilst only applicable legally in UK waters, does provide a sound
basis onto which diving operations should be undertaken.




We have, therefore, outlined the basics of the Approved Code of Practice.



Appointing the Diving Contractor. Any diving operations within the field will
be taken up by a diving contractor for each diving project. The main duties
and responsibilities are placed on the diving contractor. The diving contractor
will normally be the employer of the divers engaged in the diving project. All
operations will take place from a purpose built Dive Support Vessel (DSV).

Diving Contractor’s Responsibilities







there are sufficient personnel in the dive team to enable the diving
project to be carried out safely
the personnel are qualified and competent
supervisors are appointed in writing and the extent of their control
fully documented
a suitable mobilisation and familiarisation programme is completed
by all the members of the dive team. Other personnel involved in
the diving project, for example ship’s crew, may also need to
complete the programme
adequate arrangements exist for first aid and medical treatment
suitable and sufficient plant is provided and that it is correctly
certified and maintained
the divers are medically fit to dive
diving project records are kept containing the required details of the
diving project
there is a clear reporting and responsibility structure laid down in
writing

The diving contractor’s general responsibilities are to ensure that:







the diving project is properly and safely managed
risk assessments have been carried out
the place from which the diving is to be carried out is suitable and
safe
a suitable diving project plan is prepared which includes emergency
and contingency plans. The diving project plan should be authorised
and dated by a responsible person acting on behalf of the diving
contractor
the supervisor and dive team are fully briefed on the project and
aware of the contents of the diving project plan

Diving Project Plan
Based on the information in the risk assessment, the diving project plan must
state how those hazards identified and risks assessed will be controlled. The
diving project plan may include a diving contractor’s standard operating rules,
including generic risk assessments.
All documents should show the date upon which they were prepared. The
diving project plan should record the outcome of the planning carried out in
preparing the risk assessment including all information and instructions
which, so far as is reasonably practicable, are necessary to protect the health
312

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

and safety of all those taking part in the diving project. It should also include
procedures for conducting reviews of the site and updating the specific risk
assessments.

Diving Project – Controls
Over and above the Approved Codes of Practice, certain controls must be
applied to all diving operations. These include:




dive vessels must remain on station throughout the dive operation
other sub-sea work may need to be suspended whilst divers are at
work
all work being conducted above the divers (e.g. construction) should
be suspended during the dive operation

When a dive support vessel is working in close proximity to an installation, a
copy of the plan must be passed to the platform. The dive operations are
usually covered using the platform’s permit-to-work system, written platform
procedures and method statements, which cover the dive operations.
It is a well-documented fact that one of the root causes of the Piper Alpha
disaster was associated with divers being in the water at the time of the
incident and the platform’s fire pumps being turned off.

Picture 82: Dive Support Vessel
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19 Logistics & Transport Operation
19.1

Land Transport

Road tankers. Oil and gas have become essential elements in the global
economy. They affect, in one way or another, just about every aspect of how
we live. They fuel our transport system, provide heat and energy to our
homes and businesses and provide chemicals which produce most of the
materials in everyday use.

To this end, the UN Classification and labelling system is universally
accepted and established globally. The system shows, through coding and
symbols, what is being transported and the hazards it represents. This allows
the correct preventative actions to be chosen when necessary.
The following symbols are used to identify the product in transit and
the hazard it may present.

Consequently, oil and gas products have to be transported at various stages
of their production process. Initially, from where they are extracted from the
earth to a place where they will be refined, and then to their distribution
points.
As these products are volatile and potentially very hazardous, their movement
needs to be regulated in order to impose practices which will protect the
public from these hazards.
Transport of Hazardous Materials
The first and most essential step leading to safe carriage of hazardous
materials is to:
know their identity
know what hazard to health and the environment they present
know the most suitable means of controlling them
It is essential that this information can be identified and conveyed to
the user and the emergency services in a form that is universally recognised
and easy to understand.
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Over and above these symbols, codes are also used to identify the product
and define the type of hazard it represents, and in some cases the method
of control in the event of an incident. These are presented in a number of
ways.

In the emergency action code box we have the code 2X. This indicates that
the emergency services should use a ‘Fog or Fine Spray’ (reference 2).
Also that ‘Full Liquid Tight PPE’ should be worn by the emergency services
(reference X).

We are now going to show you two examples.
International Hazard Warning Panel. Here we are told that the product being
transported is Benzyl Bromide, a class 6 product, which is toxic. This is what
is indicated in the hazard warning symbol:
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UK Standard Hazard Warning Panel
Although we have stated this is a UK Hazard Warning Panel, a number of
other countries have also adopted this standard.
Here we see the code 3YE which indicates that the emergency services
should use foam (reference 3 in the emergency action code), they should
wear breathing apparatus (reference Y) and the substance presents a public
safety hazard (reference E).
The reference 1270 is an indication that the product being carried is
Petroleum Liquid, and the red diamond with a 3 at the bottom indicates that
it’s in Class 3, which is a Flammable Liquid.
Here we see a road tanker with the Hazard Warning Panel in situ. This panel
will
be
positioned
on
both
sides
of
the
tanker.

Warning signs are required on all vehicles carrying dangerous goods in bulk,
not just tankers. As we’ve mentioned, warning signs are used to alert
emergency services and other road users that a vehicle is carrying dangerous
goods which present a greater risk to people, property and the environment
than ordinary goods.
With regards to transporting hazardous materials, there are 9 classes of
substance classed as hazardous. These are:
1. Explosive substances
2. Flammable Gas
3. Flammable liquid
4. Flammable Solid
5. Oxidising Agents
6. Toxic substances
7. Radioactive substances
8. Corrosive substances
9. Miscellaneous substances

General Principles for Bulk Goods Warning Signs.
In general, all vehicles carrying hazardous materials in bulk (sometimes
referred to as dangerous goods) must be marked as follows:
•

at the front with the appropriate class label and subsidiary risk label
if any
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•

on each side and the rear with the appropriate Emergency
Information Panels (EIPs)

The consignor of a vehicle carrying dangerous goods must provide the driver
with details of the hazards associated with their dangerous goods loads and
instructions on emergency action to take if an accident occurs. These
instructions are in the form of an international Transport Emergency Card,
known as a ‘Tremcard’.
•

before a journey commences, the driver/haulier must provide the
instructions in writing (rather than the consignor)

•

the instructions must be in a language(s) that every member of the
vehicle’s driver/crew understand

•

one set of instructions - based on a four page model - covers all
dangerous goods rather than specific products

Traffic Routes
Employers have a duty to ensure every workplace is organised so that
pedestrians and vehicles can circulate safely.
Workplace traffic routes must also be suitable for the people and/or vehicles
using them, and pedestrian movement counts as ‘traffic’. Where vehicles
and pedestrians share a traffic route they must, as is reasonably practicable,
be safely segregated.
Every workplace traffic route must be constructed so that the driving surface
is suitable for the purpose for which it is used. The standards of workplace
outdoor traffic routes should be similar to that required for public highways.

General Principles for Safe Traffic Routes are:
•

They should be wide enough for the safe movement of the largest
vehicle permitted to use them (including visiting vehicles)

•

They should take vehicle height into account. It must be
remembered that the height of a vehicle may vary. Potentially
dangerous obstructions, such as overhead electric cables, or pipes
containing hazardous chemicals, need to be protected using goal
posts, height gauge posts or barriers

•

They should be planned to give the safest routes between calling
places. Routes should be avoided that pass close to such things as
unprotected fuel or chemical tanks or pipelines, unprotected road
edges, unfenced edges of elevated weighbridges, loading bays or
excavations, or anything that is likely to collapse or be left in a
dangerous state if hit by a vehicle

Protection of Plant and Equipment
Vehicles have the potential to cause significant damage to any object they
strike, as well as damaging the vehicle itself. When that vehicle and/or the
plant being struck contains hazardous or flammable liquids or gases, the
result can be catastrophic.
It is essential, therefore, that all measures are taken to reduce this hazard as
far as is reasonably practicable.
The following outlines control measures which can be applied to mitigate this
hazard.
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Equipment for Personal and General Protection

Regulations for Transportation of Dangerous Goods

The following equipment is required on board the transport unit for all danger
label numbers:

Moving dangerous goods by road is governed by international regulations
and is strictly policed. Most European countries are signed up to the
European Agreement concerning the International Carriage of Dangerous
Goods by Road (ADR). Each country which adheres to ADR implements
specific safety measures through its own national legislation.

•

•

•

For each vehicle
o

a wheel chock of a size suited to the maximum mass of the
vehicle and to the diameter of the wheel

o

two self-standing warning signs

o

eye rinsing liquid

For each member of the tanker crew
o

a high visibility vest/jacket

o

portable IS lighting apparatus

o

protective gloves

o

eye protection

The purpose of ADR is to ensure that dangerous goods being carried by road
are able to cross international borders freely, as long as goods, vehicles and
drivers comply with its provisions. ADR has been in force since 1968 and is
administered by the United Nations Economic Commission for Europe
(UNECE). It is updated every two years to take account of technological
advances.
The drivers of all vehicles (including those with a gross vehicle weight of 3.5
tonnes or less) carrying dangerous goods must have an ADR training
certificate.
ADR (Carriage of dangerous goods driver) requires drivers of road tankers
to hold a Vocational Training Certificate (VTC) issued by the Department of
Transport (DOT).

o

emergency escape mask (LPG, Ammonia, etc.)

This certificate states that they have attended appropriate training courses
and have passed an examination on the requirements to be met during the
carriage of dangerous goods.

o

a shovel

Driver Training for Transportation of Dangerous Goods

o

a drain seal (to block off drains in case of a spill)

o

a collecting container made of plastic

Additional equipment required for certain classes of goods
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The main objectives of the training (which will include theoretical courses,
individual practical exercises and appropriate refresher and specialist
training) are to:
•

make drivers aware of hazards arising from the carriage of
dangerous goods

•

give them basic information to minimise the likelihood of an incident
taking place

•

enable them to take necessary measures for their own safety and
that of the public and environment to limit the effects should an
incident occur

Over and above this basic policy, employers should also ensure the
competence of existing employees. Making sure that existing employees
have the skills and experience needed for safety, and that they are
maintained.
If their work changes, employers should make sure they are also competent
to undertake their new work.

Selection and Training of Drivers
This model summarises the route to driver competence

Drivers of vehicles carrying dangerous goods must, on request, produce their
VTC to the police or any goods vehicle examiner.

Selection and Training of Drivers
When recruiting or selecting drivers who will be transporting dangerous
goods, it is essential that employers comply with the following policy.
Make sure new recruits are competent. Have recruitment and placement
procedures that ensure all employees (and managers) are competent, or can
learn the necessary competencies on the job. A recruitment policy should
include checks on all references, the validity of licences and permits, and
their continuing professional development (CPD) status.
Ensure the competence of existing employees. Make sure that existing
employees have the skills and experience needed for safety, and that they
maintain them. If their work changes make sure they are competent for their
new work.
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Protection of Plant and Equipment Loading and Discharging Arrangements
Selection

Familiaris
ation
training

Competent
driver

Initial
training

Job
specific
training

To conclude, training should include a written test and completion of
supervised loading. Once completed an induction is usually valid for 3 years.
This validation must be overseen by the driver’s employer as well as the
operators of the terminal where the loading/unloading operations are taking
place.

Loading and Discharging Arrangements
The loading and unloading of a vehicle, tank or container and the way the
goods are stored, creates potential risks. For example, if flammable liquids
are loaded or unloaded in an area where there is a risk of ignition, then the
possibility of a fire or explosion will be increased.
The vehicle operator, and anyone else involved with the transportation,
loading and unloading process has a duty to ensure that the way the goods
are handled does not significantly increase the risk of an incident occurring.
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The following aspects should be implemented when the loading and
unloading of dangerous substances takes place:
•

The loading and unloading area should be located away from the
general traffic routes. It should also be on a level area.

•

There should be sufficient space for the vehicle to manoeuvre in and
out of the area to the transfer point.

•

Precautions will be required to ensure the vehicle cannot pull away
before the transfer is complete. An example might be handing in
ignition keys prior to transfer commencing and being returned upon
completion, or using a traffic light system during loading/unloading
operations.

•

Drivers must make sure that all tank openings, valves and/or caps
are closed following load/discharge before the journey is started.
This should be subject to the need to ensure that the operation of
any safety device is not compromised.

•

The tank openings should remain closed during carriage until the
vehicle is unloaded.

•

Loading and unloading points should be adequately lit when in use.
The average luminance at ground level and on stairs, access
platforms, etc. should be at least 50 lux.

•

This should be increased to 100 lux where perception of detail is
required i.e. reading level gauges.

•

No tank or a compartment should be overfilled. Most tanks are
designed to leave some room for the expansion of the liquid and it
is important not to go beyond this safe filling level.

•

Information on filling can often be found on a plate affixed to the tank
or sometimes on the vehicle’s chassis. The vehicle may be fitted
with devices that will restrict the amount of product that can be
loaded before the pumps are stopped automatically – Overfill
Protection Devices (OPD).

•

There are also standards for the loading/unloading of liquefied gases
which may be appropriate.

•

The operator of the tanker should ensure that the pressure inside the
tank never exceeds the maximum working pressure of the tank.

•

The tanks should be fitted with pressure relief valves and vacuum
breaker valves to protect the tanks from over pressure and vacuum.

•

Any external vents should be fitted with flame arrestors.

•

The vehicle engine should be turned off during loading and unloading
except where it is needed to drive a pump or some other appliance
used during the operation.

•

When dangerous goods with a flash point of 60°C or below are
carried, a good electrical connection from the vehicle chassis to earth
must be established before loading/unloading (Bonding wire).

•

The rate of filling must be limited to prevent electrical discharges
which might contain sufficient energy to ignite a flammable vapour.

•

A NO SMOKING policy must be maintained in the vicinity of the
vehicle when loading/unloading. This applies to all dangerous goods,
not just those that are toxic or flammable.
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•

For filling and transfer operations, any spillages from making and
breaking hose connections need to be contained by using suitable
drip trays and these must be drained to a safe suitable place.

•

Vapours displaced during the loading of cargo, such as petroleum,
shall be returned through a vapour-tight connection line to the
tanker.

•

The connection point for above ground storage tanks should be
situated outside the bund wall and connection points should be
situated close to the tanker stand so that only one short flexible hose
is required.

•

Any uncontrolled releases of vapour shall be recorded in the vehicle
log book and reported to the authorities.

•

The vapour return line shall be of a different fitting to the delivery
hose so there can be no misconnection.

•

The vapour return line shall be connected before the delivery hose
and must be connected to the tanker first and then to the storage
tank.

•

Connection of the vapour recovery line should automatically lock the
vehicle’s brakes to the ‘on’ position. An operator will not be able to
release the vehicle’s handbrake until the vapour recovery line is
disconnected.

•

When dealing with flammable liquids, filling and emptying
connections and openings for dipping and venting should be located
at least 4m from any source of ignition, building, opening or trench.

•

Any tank must have been thoroughly cleaned before loading can
commence, unless the substance to be loaded is identical to that
previously stored.

•

To prevent trespass or tampering, areas used for loading and
discharging tankers should either be included within the security area
of the premises, or be enclosed by a substantial fence at least 1.8m
high.

•

A competent person shall remain near the tanker to keep a constant
watch on hoses and connections during unloading.

•

There should be at least two opposing exits from the
loading/unloading area. In some cases one exit will be sufficient if
the distance from the storage area does not exceed 24m.

•

There should be a contingency plan to deal with any spillages.

•

All personnel, including visiting drivers, should be aware of the
spillage and know what they need to do in a spillage situation.

•

Exits should be clearly marked, they should open outwards and they
should not be self-locking. They should be kept locked when the
areas are unoccupied with the access keys restricted to authorised
personnel.

•

The spillage plan should include bunding where required and the
location of this bunding should form part of the spillage plan.

Overfill System (Scully)
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Most modern road tankers use a device to protect against overfills when
loading. One such device is known as a ‘Scully’ which uses a series of probes
inside the compartments of the road tanker to shut down the filling operation
when the correct amount of product has been loaded.

Vehicle Movements
Even if site traffic routes are suitable and sufficient for the safe movement of
traffic, there is a need for the movement of vehicles to be properly managed
and supervised whilst on site.
There are a range of hazards to be identified and managed that are specific
to traffic movement in the workplace. Some site locations can also be very
complex in nature with hazards such as:
•

overhead pipelines containing hazardous substances

•

a high level of activity at peak periods when vehicles are loading or
unloading

•

mobile plant may be operating around stationary and moving vehicles

•

people may be undertaking tasks in vehicle movement areas

Vehicle movements can be managed using the following controls:

Connecting up to the Scully prior to loading
When the loading and unloading process goes wrong, it is essential that
everyone knows what measures they need to take. Operators should have
emergency procedures in place and everyone should know what these are
and be fully trained in their implementation.

•

The appointment and training of a competent person to oversee
traffic movements

•

Drivers are trained and authorised to drive works’ vehicles on site

•

Visiting drivers are correctly briefed on site traffic movement rules

•

Ensure vehicles are maintained effectively

•

Avoid or control the reversing of vehicles

•

Ensure works’ vehicles are secured and vehicle keys controlled and
secured

Traffic management
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•

Conduct periodic surveys and safety tours to ensure traffic rules are
being complied with

•

Maintain traffic routes, lighting and signage

•

Have a plan and resources in place to respond to adverse weather
conditions such as snow and ice

•

Have arrangements in place for the use of warning devices and
vehicle lights

•

Avoid roads with low bridges

•

Obey any restrictions relating to the transport of dangerous goods

During the Journey Check:
•

the load is still secure

•

there are no leaks

•

there is no overheating on the vehicle that could lead to fire i.e., tyres,
bearings, brakes, etc.

•

any control temperature is not exceeded

Prior to Leaving Site Check:
•

all hoses are secure

•

blanking caps are fitted

•

there are no leaks from the hoses

•

the load is not leaking

•

the load is not overheating

•

for LPG gas tanks, the pressure is within prescribed limits

•

the brakes and tyres on vehicle are OK

•

all documents are in order and available

•

Tremcards that are not in use are secured in a closed container and
clearly marked “Out of use”

Use Appropriate Routes by Employing the Following Controls:
•

Avoid built up areas

Markings
•

Check that markings are still in place

•

Ensure markings are clean and still clearly visible

When Driving
•

Maintain concentration

•

Try and anticipate situations wherever possible

•

Plan ahead

•

Drive defensively

•

Keep to the speed limit

•

Always allow a margin of safety

Surge
Drivers must be aware of:
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•

products surging backwards - under acceleration

•

roundabouts

•

product surging forward - when braking

•

motorway slip roads

•

product surging from side to side - when cornering

•

site entrances

It is The Driver’s Responsibility to:
•

anticipate movements of the load

•

adjust driving techniques accordingly

Tanker or tank container drivers must avoid all sudden steering movements
as the load will impose lateral movements on the vehicle causing instability.

The driver must take extra care depending on the mobility of the vehicle and
the nature of the ground being negotiated. Keep the speed down to allow
obstacles to be crossed safely.
It is the driver’s responsibility to avoid dangerous situations including:
•

Jack-knife

•

roll-over

Rail
The carriage of dangerous goods by rail has diminished due to the closure
of rail-ferry services between the UK and the continent, and because of the
strict safety rules that apply to freight being carried via the channel tunnel.
Europe-wide rules govern the transportation of dangerous goods by rail.
These are known by the letters RID. You may also see reference to the
carriage regulations – these translate the RID rules into UK legislation.
In order to transport dangerous goods by rail three sets of duties must be
complied with. These are:
Control of Speed

•

Classification

Drive at safe speeds, particularly at:

•

Packaging
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•

Security

We will now take a more detailed look at each of these duties.

•

have a security awareness training programme in place

•

have an emergency plan in place, where goods being transported are
regarded as high consequence dangerous goods

Classification
•

Any dangerous goods that are transport by rail must be marked with
their name, description and UN number (as with road transport).

When transporting dangerous goods by rail, all the safety systems that apply
to the safe transportation by road, also apply to rail.

Packaging
•

All correct procedures must be followed

•

All security requirements must be met

•

All goods are packaged to withstand any disruption and movement
expected on route

•

That rail wagons are placarded to indicate cargo

•

If dangerous goods are being transported through the channel
tunnel, these will have to comply with the stricter rules enforced by
the tunnel operators. These rules were tightened up following the
1996 fire in the tunnel

Security

Security regulations require any business involved in the transport of
dangerous goods by rail to:
•

only offer the goods to appropriate carriers

•

ensure temporary storage sites of dangerous goods are secure

As we’ve already mentioned, rail loading operations present hazards that are
very similar to road transportation. However, there are several additional
hazards that are unique to rail.
•

Entrance and exit from rail sidings should be supervised by a
competent person.

•

Sidings need to be isolated from main line.
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•

During loading/unloading operations warning signs must be
displayed on the train if open to access. These will include: red flag
during the day, red light at night and a warning sign that the rail cars
are connected.

•

If disconnected from locomotive, rail cars must be prevented from
moving.

•

No flammable liquid shall be loaded within a 15 metre radius of any
ignition source.

•

Use non-sparking tools.

•

Establish vapour control prior to loading.

•

The closure of all foot valves, lids, hose removal, etc. must be
overseen by a competent person.

•

If rail tankers are fitted with product heaters these must NOT be used
if flammable vapours are present during loading and discharge
operations.

•

Personnel must not ride on locomotive or cars when in motion, crawl
under a train or carriages, access railcar tops on an electrified line.

•

Always follow work at height regulation whilst on top of rail cars.

•

Always take into consideration weather conditions prior to the
commencement of loading.

•

Loading operations must be monitored very closely throughout the
operation.
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20 ISPS Equipment
20.1 A 6-steps process for effective crisis management in
the port industry
Crises often appear to be inevitable for a number of reasons. Traditional crisis
management theory distinguishes between environmental factors and
internal explanations referring to weak environmental assessment of market
developments and psychological or social-political factors. Classic literature
approaches attempt mainly to identify the reasons behind the occurrence of
crises. Although the ability to manage crises incorporates understanding their
sources, it should not be limited to that.
Transport and Shipping are by definition unstable markets and the world
crisis is quite common amongst Maritime Economists. Ports are exposed to
various physical or business originated dangers. However existing literature
does not cover the appliance of this philosophy into the area of Port
Management.
The International Ship and Port Facility Security (ISPS) Code is an
amendment to the Safety of Life at Sea (SOLAS) Convention (1974/1988) on
minimum security arrangements for ships, ports and government agencies.
Having come into force in 2004, it prescribes responsibilities to governments,
shipping companies, shipboard personnel, and port/facility personnel to
"detect security threats and take preventative measures against security
incidents affecting ships or port facilities used in international trade."
Managing crises does incorporate understanding the sources of crisistriggering events but can by no means be limited to that. As a mind-set, crisis
management preparation enables companies “to avoid some crises, to
manage others more effectively and to learn more quickly and more fully
from crises that do occur” (Pearson et al 1997). The following analysis is

based on the application of Augustine (1995) model for effective Crisis
Management enriched with other commentators’ views on the issue and
applied to the port sector.

Step One: Avoiding the crisis.
Crisis management commences by actually trying to avoid the crisis.
Constant motoring of the environment, organisational operations and
hedging against unavoidable risks can be ways to avert crises. This is a
constant and ongoing task that overlies over the entire operation of the
environment. All possible consequences need to be considered and
contingency plans be formulated. The implications of short term decisions
need to be projected in the long term to reveal possible threats. An exclusive
or preferential agreement with a major shipping line has to be examined
under the issues of distorting competition, state intervention, monopolistic
opportunities and possible legal constraints. That by no means suggests that
business decision should stay in a standstill.
However, at this stage, organisational culture plays a crucial role into creating
a sense of creative conflict that disturbs pure technocratic procedures and
allows the system to be prepared for change, when this will be required.
Cultivating a sense of vigilance over possible threatening situations, events
or processes allows an organisation to accept that crises do happen and
incorporate that in their strategy formulation. Benchmarking techniques could
be useful in order to identify the difficulties other organisations have met,
and the way they had decided to handle with them.

Step two: Preparing for crisis. Often, impeding crises can be anticipated
well in advance but not surprisingly, crises continue to happen. That means
that organisations have to be prepared to manage the crisis. To do so,
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organisations must be clear on their key values and priorities, as these will
set the ground on which any potential crisis will be managed (Pearson et al
1997). Caution needs to be taken so as not to elevate every little misfortune
to the status of a crisis, otherwise panic will occur and a crisis might as well
be triggered.
Chief executives’ adoption and commitment to a crisis management mindset will allow time and effort to be invested in preparing a crisis management
plan and communicating it to organisation stakeholders. It has to be noted
though that ports are complex environments and contingency plans should
take into account the port area as a whole and not just the individual
companies operating in the port. The role of the Port Security Committee,
suggested by the IPHA, could be go beyond issues of security and
work closer with the port cluster on areas of common interest.
The creation of a crisis portfolio against incidents that may demand different
responses and simulation of hypothetical crisis incidents can be designed at
this stage, where key stakeholders will have been identified and will be
enabled to act as forwarded observers of crisis triggers.

Step three: Recognising the crisis. Recognising the crisis is the third
stage. Indeed, perception and not reality configures the actions of individuals
and organisations. Managerial culture is held as the major contributor to that.
Long-time reliance on rational planning procedures can also deteriorate the
situation (Boin et al). Denial of a crisis is common practice among the
organisations that failed to survive. Especially in the case of Public or
Non- profiting companies as is still quite common amongst Port Authorities,
there is often a false “crisis-proof” mentality that obscures the recognition of
crises and tends to ignore crisis signals (Spillan 2003).

Although crises are by definition never exactly what one has anticipated, they
do have some common denominators. These can be external, such as the
lack of time, the need to respond to an escalating flow of events, media and
public reactions, or internal, like coping with disbelief, tension in industrial
relations, low moral, even panic and shifting of blame within the organisation.
Augustine (1995) suggests the introduction of a process for consulting
people from within the organisation as well as outside independent observers
in order to obtain multiple perspectives on the events that occur.
An international perspective on socio-cultural issues are also important
factors when crises are about to occur. It was indeed difficult for an Arab
company as the Dubai Ports World to estimate the public opinion crisis
following its decision to acquire P&O terminal facilities in the U.S. However,
a more crisis prone management would have reacted to the issue from the
perspective of the American public which was traumatised by the recent
terrorist attacks In New York. A more careful examination of the cultural –
emotional context and a specific targeted lobbying and media consulting
could have detected the significance of the issue and avert the political
crisis that finally arose.

Step four: Containing the crisis. This is the stage in which most
companies dedicate the majority of their crisis management resources.
Efforts should now be directed towards “turning around the intensity of the
crisis” and avoid its expansion to other “uncontaminated parts of the
organisation”. (Pearson et al 1998). The importance of an already established
crisis plan is that it allows companies to act fast. Honesty and quick
dissemination of information is necessary to reinstate “the erosion of
individual and shared assumptions of critical stakeholders” such as the
employees, executives and the media (Pearson and Clair 1998). Employee
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participation and respect is crucial. Their confidence in management during
crises has to be restored. During the recent strike in Piraeus Port Authority,
(an event costing almost 6.3 million euros to the port according to the
“Imerisia” 16/09/2005), extensive negotiating effort was exercised by the
organisation that resulted in an agreement with employees to actually work
on some days during the strike, in order to contain the crisis in a manageable
size, and avoid loosing customer loyalty. Unless these cognitive, emotional
and behavioural responses to the crisis are controlled, the crisis is likely to
expand and lead to further failure outcomes.
Management commitment can be evidenced by the direct dispatch of the
Port Crisis Manager and the C.E.O. to the place of the crisis (p.ex in case of
an accident) where his/her task will be to guide organisational response.
Crisis management is a top priority task and this is the area where CEO’s
must differentiate from other level managers and together with the Crisis
Management Team, save the day for the organisation.

Step five: Resolving the crisis. The aftermath of crisis containment refers
to the actual resolution of the crisis. At this stage, immediate decisions to
ensure the survival of the company are necessary but need to be combined
with long-term action, which will sustain the recovery. Organisational efforts
should be targeted towards the complete resolution of the problem and not
to a superficial dealing of the situation (Smith & Sipika 1993, Dubrowski
2004). If the approach to the crisis stays on the symptoms and not the
causes, repetition of incidents could be inevitable.
When resolving the crisis, selected strategy for each issue should now be
communicated immediately to the crisis management units, so that their
activities can be aligned and coordinated efficiently. Augustine (1995)
stresses the speed of response as the essence of resolving the crisis.

Interestingly, Calloway and Keen (1996) observe that companies that can
respond fast in everyday situations are most capable of a fast response when
facing crises. Once more, the foundation of a successful turnaround rests in
the planning period, where “minimal services and procedures needed” have
been identified and determined (Pearson et al 1997). In other words,
organisational culture and structure are fundamental. Simplified crisis
management structure and clear definition of roles and responsibilities is
essential. The task of the Crisis Manager then is to implement “the most
leveraged plan of action and continuously monitor the company’s
performance against it” (Brenneman 1998).
Of course while strong leadership and clear direction are necessary in
resolving the crisis that does not mean that the workplace has to be
repressive. Employees are a valuable asset and must be engaged in the
process. Employee interests for job securing could be in direct conflict with
investors’ wish for financial settlements. It is profound that a sound recovery
of an organisation needs to be based in both of these pillars. Decisions
regarding compensations to victims of accidents or claims from customers
although appear to be very costly are in line with an organisation’s concern
for its customers and its commitment to the corporation’s ethical standards.
Finally, strong leadership skills include the capability of taking risks.
Strategies and options must be chosen based on the facts that are known at
the given time frame. This is why crisis management is a task for authorised
managers only. During a crisis, waiting to collect all possible information and
facts could create greater risks that deciding on current estimations,
assumptions and projections. Risks could escalate even to changing
management, as again suggested by Dubrowski. Perhaps drawing from the
experience of a former centralised economy, Dubrowski considers that since
inadequate management has led to the crisis it will also prove inadequate in
its resolution.
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Step six: Profiting from the crisis. Contrary to what may seem obvious,
Crisis Management does not stop after resolving the crisis. The sixth and
final stage of the process refers to learning and even profiting from the crisis.
The crisis period can be used to re-orientate the company’s objectives and
strategies (Starbuck et al 1988), shake up outdated perceptions (Ten Berge
1991) and reassess the market needs and wants (Brenneman 1998). Often,
it is in a crisis situation, when nothing else can go wrong, where people find
the chance to have their voices heard, and employees can learn or accept to
adapt to new roles. Therefore, it is the task of effective crises managers to
take advantage of any benefits that a crisis may present (Caponigro 2000).
Marsh Inc. based on a publication of Oxford University stress that
corporations that managed a major crisis effectively earned a 22% premium
on shareholder value within a year from the event, comparing to companies
that were less successful in crisis management.

Profiting requires learning, and learning derives from assessing the
experience obtained from a turnaround or even a failure. Unsuccessful
decisions have to be examined and alternative actions plans can be
developed to improve efficiency in managing a future crisis. The process of
changing the organisation’s configuration by reducing the complexity of
organisational systems and possibly the structure of business portfolios
is part of this phase (Smith and Sipika 1993). A crisis situation can accelerate
change and open up the business to its environments. Analysing the
experiences derived from a crisis can change the organisational culture to
allow for even greater organisational learning and development.
A more offensive strategy would flirt with the idea that sometimes a
company’s management can deliberately create crises in order to get the
attention of people on a specific issue. This approach, although it could be

useful in preparing for a crisis, could include the danger of lowering company
morale, create a demotivating sense of manipulation and mistrust among a
company’s employees. The difficulties of implementing such a technique,
makes it a less effective tool in crisis management.
Therefore effective Port Crisis Managers need to realise that:
•

Crises are inevitable and built-in elements in any interactive system.

•

Crisis management is not only about accident prevention but covers
every aspect of organisational function of the port, from technical
inefficiencies to industrial relations and from lack of competitiveness
to over capacity problems.

•

Port Crisis Management must bee seen as a Proactive Strategy
rather as a Response-based set of actions.

•

Coordination of activities with the companies that constitute the port
cluster is necessary.

•

Identification of critical port stakeholders and the development of a
customised communication policy are elemental. These stakeholders
include employees, shipping and stevedoring companies, maritime
agencies, financial investors and municipality officials, as well as law
enforcement agencies, fire department, medical services and the
media. Making unlikely allies before one needs them can prove vital.

•

Overall responsibility and authorisation for any action should remain
in the Port Authority, as this is the only independent institutional –
regulating factor within the direct port environment.
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•

Planning should provide for crisis containment strategies for the
various terminal operators (if they exist) and incorporate them to an
overall port crisis plan.

•

Communication flows within the organisation are of equal importance
as those to external stakeholders.

•

Utilisation of tailored-made tools (tabletop games, critical incident
techniques, software management built on complexity theory, risk
assessment methodologies) and expert opinions are valuable and
should be used in crisis planning.

•

A data base of incidents, caution signals must be constructed by
benchmarking against situations that have happened in other ports
as well as in other similar industries (shipping, transport).

•

Comprehensive Planning within a holistic approach is necessary
to prepare, recognise, contain and resolve threatening events.

•

There is of course, no meaning in contingency planning if these plans
are not tested and kept updated.

•

A Crisis management Centre needs to be established to act as a
knowledge centre for training, information dissemination and
environmental scanning and will provide all necessary briefing to the
Crisis Manager and the port’s CEO.

•

Crisis Management requires the allocation of time, effort and financial
resources as well as the commitment and supervision from Port’s
top management.

•

Top management should facilitate coping with change, ideally by
introducing the position of a “Crisis Agent” within its management

team, to increase the port’s flexibility and allow incorporation of
corporate learning to the port’s everyday operations.
•

A crisis can be the end only if the port decides it to be so. On the
contrary, a crisis after being contained offers the chance for a new
beginning and this is a matter of management mentality and
capability.
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21 International Oil & Gas regulations – A global
overview
21.1

CP Policy & Legislation











International Conventions:



United Nations Convenion on the Law of the Sea UNCLOS (ratified
1988).
Energy Charter Treaty (ratified 1998).

Environmental Legislation. EU and Domestic Legislation
Environmental Impact Assessment Legislation




EU Legislation:

Directive 1994/22/EC of European Parliament and of Council of 30
May 1994 on the conditions for granting and using authorizations for
the prospection, exploration and production of hydrocarbons.
Directive 2003/55/EC of European Parliament and of Council of 26
June 2003 concerning common rules for the internal market in
natural gas and repealing Directive 98/30/EC.
Directive 2009/73/EC of European Parliament and of Council of
13 July 2009 concerning common rules for the internal market in
natural gas and repealing Directive 2003/55/EC.
Directive 2008/92/EC of European Parliament and of Council of 22
October 2008 concerning a Community procedure to improve the
transparency of gas and electricity prices charged to industrial endusers (recast).
Directive 2009/119/EC of 14 September 2009 imposing an obligation
on Member States to maintain minimum stocks of crude oil and/or
petroleum products.




Assessment of the Effects of Certain Plans and Programs on the
Environment (EU Directive
2001/42/EC)
Assessment of the Effects of Certain Public and Private Projects on
the Environment (EU Directive
2011/92/EU)
Assessment of Impact on the Environment from Certain Plans and/or
Programs
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Law No. 102(I)/2005
Assessment of Impacts on the Environment from Certain Projects
Law No. 140(I)/2005
Assessment on the Environmental Impact from Certain Projects
[Instructions for the Preparation of the Environmental Impact
Assessment of Certain Projects] Order of 2008 (No. 420/2008)

Hydrocarbons Legislation



Conditions for Granting and Using Authorizations for the Prospection,
Exploration and Production of Hydrocarbons (EU Directive 94/22/EC)
The Hydrocarbons (Prospection, Exploration and Exploitation) Law
No. 4(I)/2007 and Hydrocarbons Regulations Nos. 51/2007 and
113/2009

Nature Protection Legislation





Conservation of Wild Birds (Birds Directive) (EU Directive
2009/147/EC)
Habitats Directive (EU Directive 92/43/EEC)
Natura 2000
Protection and Management of Nature and Wild Life Law
153(I)/2003

Waste Management Legislation




Waste Framework Directive (EU Directive 2008/98/EC)
Waste Law No. 185(I)/2011
Shipments of Waste Regulation (1013/2006/EC)

Water Management Legislation


Water Framework Directive (EU Directive 2000/60/EC)










Pollution Caused by Certain Dangerous Substances Discharged into
the Aquatic Environment of the Community (EU Directive
2006/11/EC)
Bathing Water Directive (EU Directive 2006/7/EC)
Water and Soil Pollution Control Law No. 106(I)/2002
Protection and Management of Waters Law No. 13(I)/2004
Management of Bathing Water Quality Law No. 57(I)/2008
Water Pollution Control (Bathing Waters Quality) Order of 2000 (No.
99/2000)
Control of Pollution of Waters Law

Marine Environment Legislation




Marine Strategy Framework Directive (EU Directive 2008/56/EC)
Marine Strategy Law No. 18(I)/2011
Fisheries Regulations No. 273/1990

Air Quality Legislation





Air Quality Directive (EU Directive 2008/50/EC)
Industrial Emissions Directive (EU Directive 2010/75/EC)
Quality of Air Law No. 77(I)/2010 and Regulations
Atmospheric Pollution Control Law No. 187(I)/2002

Radiation Protection Legislation




Safety Standards for the Protection of the Health of Workers and the
General Public against the Dangers Arising from Ionizing Radiation
(EU Directive 96/29/Euratom)
Operational Protection of Outside Workers Exposed to the Risk of
Ionizing Radiation during their Activities in Controlled Areas (EU
Directive 90/641/Euratom)
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Informing the General Public about Health Protection Measures to be
Applied and Steps to be Taken in the Event of a Radiological
Emergency (EU Directive 89/618/Euratom)
The Protection from Ionizing Radiation Law No. 115(I)/2002
The Protection from Ionizing Radiation (Basic Principles) Regulations
of 2002 (No. 494/2002)
The Protection from Ionizing Radiation (Informing the Public about
Measures to be Applied in Case of Emergency) Regulations of 2002
(No. 495/2002)

Explosive Substances Legislation




Explosive Substances Law Cap. 54 and Laws of 1970 to 2010
Explosive Substances Regulations of 1940 to 2010
Essential Requirements (Explosives for Civil Uses) Regulations of
2003 to 2011












Safety and Health at Work Legislation







Minimum Requirements for Improving the Safety and Health
Protection of Workers in the Mineral-extracting Industries through
Drilling (EU Directive 92/91/EEC)
EU Regulation on Registration, Evaluation, Authorization and
Restriction of Chemicals (REACH) and Establishing a European
Chemicals Agency (1907/2006/EC)
EU Regulation on Classification, Labelling and Packaging (CLP) of
Substances and Mixtures (1272/2008/EC)
Minimum Requirements for Safety and Health at Work (Extractive
Industries Through Drilling) Regulations of 2002 (274/2002)








Safety and Health at Work Laws of 1996 to 2011
The Promotional Framework for Occupational Safety and Health
Convention, 2006 (Ratification) Law of 2009 (No. 1(III)/2009)
The Safety and Health at Work Order of 2004 (No. 628/2004)
The Minimum Requirements for Safety and Health Signs at Work
Regulations of 2000 (No. 212/2000)
The Safety and Health at Work (Biological Agents) Regulations of
2001 (No. 144/2001)
The Safety and Health at Work (Carcinogenic and Mutagenic Agents)
Regulations of 2001 (No. 153/2001
The Safety and Health at Work (Manual Handling of Loads)
Regulations of 2001 (No. 267/2001)
The Safety and Health at Work (Chemical Agents) Regulations of
2001 (No. 268/2001)
The Safety and Health at Work (Protection of Young People)
Regulations of 2012 (No. 77/2012)
The Minimum Requirements for Safety and Health (Use of Work
Equipment at Work) Regulations of 2001 (No. 444/2001)
The Minimum Requirements for Safety and Health at Work with
Visual Display Screen Equipment Regulations of 2001 (No.
455/2001)
The Minimum Requirements for Safety and Health (Use of Personal
Protective Equipment at Work) Regulations of 2001 (No. 470/2001)
The Management of Safety and Health Issues at Work Regulations of
2002 (No. 173/2002)
The Safety and Health at Work of Workers with Fixed-Duration
Employment or Temporary Employment Regulations of 2002 (No.
184/2002)
335

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD


















The Safety and Health at Work (Protection from Noise) Regulations
of 2006 (No. 317/2006)
The Safety and Health at Work (Minimum Requirements for the
Protection of Persons at Work from Explosives Atmospheres)
Regulations of 2002 (No. 291/2002)
The Safety and Health at Work (Protection from Vibrations)
Regulations of 2005 (No. 332/2005)
The Safety and Health at Work (Occupational Diseases Notification)
Regulations of 2007 (No. 530/2007)
The Safety and Health at Work (Accidents and Dangerous
Occurrences Notification) Regulations of 2007 (No. 531/2007)
The Safety and Health at Work (First Aid) Regulations of 2009 (No.
198/2009)
The Safety and Health at Work (Artificial Optical Radiation)
Regulations of 2010 (No. 247/2010)
The Safety and Health at Work (Code of Practice for the Training of
Mobile Crane Operators) Order of 2010 (No. 529/2010)
The Merchant Shipping (Minimum Requirements on Medical
Treatment on Board Vessels) Law of2002 (No. 175(I)/2002)
The Helsinki Convention on the Trans-boundary Effects of Industrial
Accidents Ratifying Law of2004 (No. 32(III)/2004)
The Chemical Substances Law of 2010 (No. 78(I)/2010)
The Chemical Substances (Classification, Packaging and Labeling of
Dangerous Substances and
Mixtures) Regulations of 2010 (No. 324/2010)
The Chemical Substances (Breach of the Provisions of REACH
Regulation) Regulations of 2010(No. 331/2010)
The Chemical Substances (Breach of the Provisions of Regulation
1272/2008) Regulations of 2010 (No. 333/2010)




The Chemical Substances (Breach of the Provisions of Regulation
689/2008) Regulations of 2010 (No. 332/2010)
European Regulation No 1907/2006 of the European Parliament and
of the Council concerning the Registration, Evaluation, Authorization
and Restriction of Chemicals (REACH), Notification of 2007 (No.
277/2007)

Climate Action


Substances that Deplete the Ozone (EU Regulation 1005/2009/EC)

National Allocation Plan










Substances that Destroy the Ozone Law No. 16(I)/2011
Certain Fluorinated Greenhouse Gas Emissions (Restrain, Prevention
and Decrease) Law No.
23(I)/2010
Regulation on Certain Fluorinated Greenhouse Gases (EU Regulation
842/2006)
Certain Fluorinated Greenhouse Gas Emissions (Certification of
Personnel Recovering Certain
Fluorinated Greenhouse Gases from Handling Protection and High
Voltage) Regulations of 2012
(No. 134/2010)
Certain Fluorinated Greenhouse Gas Emissions (Certification of
Personnel Recovering Certain
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Solution based on Fluorinated Greenhouse Gases from Equipment)
Regulations of 2010
(No. 135/2010)
Substances that Deplete the Ozone Layer (Obligations Regarding
Controlled Substances and Equipment) Regulations of 2011 (No.
66/2011)
Certain Fluorinated Greenhouse Gas Emissions (Certification of
Companies and Personnel as Regards Stationary Fire Protection
Systems and Fire Extinguishers) Regulations of 2010 (No. 132/2010)







Other European Union Regulations, Directives, and Acts Related to Project
Activities


Noise Pollution




Approximation of the Laws of the Member States relating to the
Noise Emission in the Environment by equipment for Use Outdoors
Directive (EU Directive 2000/14/EC)
Essential Requirements (Noise Emission in the Environment by
Equipment for Use Outdoors) Regulations of 2003 (No. 535/2003)

Pollution Control Legislation







Integrated Pollution Prevention and Control (EU Directive 2008/1/EC)
Sulphur Content of Marine Fuels Directive (EU Directive 1999/32/EC
Sulphur Content of Marine Fuels Directive (EU Directive 2012/33/EU)
Integrated Prevention and Control of Pollution Law No. 56(I)/2003
Standards on Petroleum Products and Fuels Law (o. 148(I)/2003)
Sulphur Content of Marine Fuels Order (No. 199/2007)

Penalties Legislation

Environmental Liability with regard to the Prevention and Remedying
of Environmental Damage
(EU Directive 2004/35/EC)
Environmental Liability with regard to the Prevention and Remedying
of Environmental Damage
Law (No. 189(I)/2007)
Law on Environmental Protection through Penal Legislation Law No.
22(I)/2012














Halting the Loss of Biodiversity by 2010 – and Beyond – Sustaining
Ecosystem Services for Human
Well-Being (EU COM [2006]/216)
Safety of Offshore Oil and Gas Operations (EU Directive 2013/30/EU)
Machinery Directive (EU Directive 2006/42/EC)
Pressure Equipment Directive (EU Directive 97/23/EC)
Equipment and Protective Systems intended for use in Potentially
Explosive Atmospheres Directive (EU Directive 94/9/EC)
Council Decision of 8 November 2007 Establishing a Community Civil
Protection Mechanism
Ship-Source Pollution and Criminal Penalties (EU Directive
2005/35/EC)
Prohibition of Organotin Compounds on Ships (EU Regulation
782/2003)
Sixth Community Environment Action Program (Decision
1600/2002/EC)
Common Fisheries Policy
EU 2020 Biodiversity Strategy
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European Climate Change Program

International Laws, Conventions and Guidelines















MARPOL 73/78 Convention
Barcelona Convention
RAMSAR Convention on Wetlands (1971)
Convention on the Conservation of Migratory Species of Wild
Animals (CMS) (1979)
United Nations Convention on the Law of the Sea (UNCLOS) (1982)
Vienna Convention for the Protection of the Ozone Layer (1985)
Montreal Protocol on Substances that Deplete the Ozone Layer
(1987)
Protocol Explanation Framework Convention on Climate Change
(FCCC) (1992)
Agenda 21 of the United Nations Conference on Environment and
Development (1992)
Convention on Biological Diversity (1992)
Kyoto Protocol to the FCCC (1997)
Stockholm Convention (2001)
Convention on the Conservation of European Wildlife and Natural
Habitats (Bern Convention) (1979)
Convention on Access to Information, Public Participation in
Decision-Making and Access to Justice in Environmental Matters
(Aarhus Convention)

International Laws, Convention and Guidelines



The Convention on Long-Range Trans-boundary Air Pollution
Horizon 2020













Convention on the Conservation of European Wildlife and Natural
Habitats (Bern Convention) (1979)
Convention on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter (1972)
International Convention for the Safety of Life at Sea (SOLAS), 1974
Convention on the Protection and Use of Trans-boundary
Watercourses and International Lakes (Water Convention) (1992)
Convention on International Trade in Endangered Species (CITIES –
The Washington Convention) (1975)
Protocol Explanation Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter (1972)
Convention on the Protection of the Underwater Cultural Heritage
(2001)
World Heritage Convention (1972)
Basel Convention on the Control of Trans-boundary Movements of
Hazardous Wastes and their Disposal(1989)
International Convention on Oil Pollution Preparedness, Response
and Cooperation (OPRC) (1995)

21.2

Standards in Oil & Gas

SDO- STANDARDS DEVELOPMENT ORGANISATIONS). (non-exhaustive list)






ISO
API
CEN
CSA

International Organization for Standardization
American Petroleum Institute
European Committee for Standardization
Canadian Standards Association
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IEC
International Electrotechnical Commission
EN
European Norm
BS
British Standards
IADC International Association of Drilling Contractors
DS
Danish Standard
NS
Norwegian Standard
DS
Danish Standard
ABNT Brazilian Association of Technical Standards
ANSI American National Standards Institute

Important Regulations:





Australia - National Offshore Petroleum Safety Authority (NOPSA),
http://www.nopsa.gov.au
Brazil - Agência Nacional do Petróleo, Gás Natural e Biocombust'veis
(ANP), http://www.anp.gov.br
Canada – National Energy Board http://www.neb-one.gc.ca
China - National offshore company: China National Offshore Oil
Corporation http://www.cnooc.com.cn/index.php?styleid=2



Denmark - Danish Energy
http://www.energistyrelsen.dk



Europe
European
Commission
http://ec.europa.eu/enterprise/standards_policy/index_en.htm



India - Offshore regulator for safety: Oil Industry Safety Directorate
(OISD) http://www.oisd.gov.in/

Authority

(Energistyrelsen)
(EC)



Italy - Ministry of the Economic Development (Ministero dello
Sviluppo Economico), http://www.sviluppoeconomico.gov.it/



Netherlands - State Supervision of Mines (SSM) www.sodm.nl



New Zealand - Department of Labour www.dol.govt.nz



Norway - Petroleum
www.ptil.no



Thailand - Department of Mineral Fuels (DMF) www.dmf.go.th



United Kingdom - Health and Safety Executive www.hse.gov.uk



USA - Minerals Management Service, US Department of the Interior
www.mms.gov



Coast Guard (USCG), US Department of Homeland Security
www.uscg.mil

Safety

Authority

(Petroleumstilsynet)

Russia


Ministry of industry and trade (MINPROMTORG) Responsible for
technical regulations system and development



Federal Agency on Technical Regulating and Metrology –
Rostekhregulirovanie www.gost.ru (In charge of the development
of the national standards, participation of Russia in international
standardization. - under jurisdiction of Minpromtorg)



Responsible for Oil and gas extraction and refinery:
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o
o

The Ministry of Natural Resources of the Russian Federation
- MNR of Russia www.mnr.gov.ru
The ministry of Energetics of the Russian Federation –
Minenergo www.minenergo.com)

INTERNATIONAL REGULATORS FORUM (IRF). www.irfoffshoresafety.com
Members: NOPSA, PSA, MMS, DOL, CNSOPB/C-NLOPB, HSE, ANP, SSM
Objectives



INTERNATIONAL MARITIME ORGANISATION (IMO). www.imo.org
Typical and well known IMO documents related to Oil&Gas standards are:
•
•
•
•

IMO ISM International Safety Management Code
IMO MARPOL The International Convention for the Prevention of
Pollution from Ships
IMO MODU Code for the construction and equipment of mobile
offshore drilling units
IMO SOLAS (Safety of Life at Sea)

Many ISO standards are referenced in the IMO Fire Safety Code, the High
Speed Craft Code, SOLAS, MARPOL conventions as well as numerous other
IMO regulations and circulars.
ISO/TC8 has an ongoing active collaboration with IMO to deliver ISO
standards needed. More than 100 ISO work items are directly related to
support IMO Codes & Conventions



To promote best sustainable safety performance globally
To enable an exchange of information among regulators on:
– Offshore health and safety trends;
– Industry health and safety performance;
– Lessons from incidents;
– Industry best practice;
– Regulatory practice; and
– Measuring the effectiveness of regulatory activities.
To provide a network of offshore petroleum health and safety
regulators for mutual support and advise when required.

More than 1,200 different standards emanating from more than 60 different
international, regional, national and industry standards development
organisations around the globe.

References to standards on a global basis:




Industry standards (44%)
National & regional standards (35%)
International standards third (21%)

Trend:
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Increase in the reference to international standards and a sharp
decrease in references to national standards.
European Regulators, 1996 vs. 2010: increase from 16% to 38%
reference to international standards and a decrease from 39% to 14%

Directive No. &
Amendment

Consolidated
Version

Subject

87/404/EEC,
90/488/EEC, 93/68/EEC

87/404/EEC

Simple Pressure Vessels

2004/108/EC
98/37/EC,
2006/42/EC

21% are international standards
15% emanates from SDOs in India, Australia, New Zealand

Dominant SDOs: API (225 standards’ references), ISO (152 standards’
references)

EUROPE

Electromagnetic
compatibility (EMC)
98/79/EC,











“New Approach”, Council Resolution, May 1985
Technical harmonisation in Europe.
Separation between European legislator and the European Standard
Bodies (CEN, CENELEC and ETSI)
CEN - European Committee for Standardization
CENELEC - European Committee for Electrotechnical Standardization
ETSI - European Telecommunications Standards Institute

98/37/EC

Machinery

89/686/EEC

Personal
protective
equipment (PPE)

There are a number of ‘new approach’ directives relevant for the offshore
petroleum industry, such as:

94/9/EC

Equipment
explosive
atmospheres (ATEX)

European standards for the oil and gas industry

97/23/EC

Pressure equipment

89/686/EEC, 93/68/EEC,
93/95/EEC, 96/58/EC

reference to national standards.

References to standards on a regional basis:



40% from SDOs in America
24% from Europe

European standards committee CEN/TC12 “Materials, equipment and
offshore structures for petroleum, petrochemical and natural gas industries”
has adopted most of the standards developed by ISO/TC67 as EN ISO
standards for use in Europe.



the EN ISO documents are also published as national documents in
all the European countries members of CEN within six month of the
publication as EN ISO.

341
TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD



national adoptions are most of the times identical to the EN standard
as the possibilities for deviation or modification is very limited and
contra dictionary to the intent of developing EN standard for Europe.

Conclusions on Standards & Regulators – Oil& Gas




References to standards are placed in various types of regulatory
documents.
No specific references to standards in the national acts or laws.
Regulators make references in the regulations themselves or in the
guidelines to the regulations or Code of Practices, standards or other
type of documents.




Types of Regulatory Documents
-

Acts
Law
Decree
Regulations
Executive orders
Directives
Amendments to Acts and Regulations

- Memoranda
- Guidelines
- Management practices
- Standards
- Rules
- Guidance Notes
- Code of Practices

NUMBER OF STANDARDS REFERENCED TO REGULATORY DOCUMENTS BY
REGULATORS :

Great variation from 0 (China, Russia, Thailand to 404 India (OISD))
Most expect national, international & industry standards to be used
in Oil&Gas

STANDARDS REFERENCED BY NATIONAL REGULATORS:




Standards in excess of 1,200
Approximately 85% of the standards have been referenced by one
regulator only.
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This represents a surprisingly low degree of sharing the same
references to standards within the same area of regulating. Only 37
standards referenced by 3 regulators or more!

NUMBER OF STANDARDS REFERENCED BY EUROPEAN REGULATORS, 1996
vs. 2010:









Tendency of European regulators the last years towards International
Standards
A solid start in development of international standards for the oil and
gas industry has been made in particular by ISO/TC 67
Lot of work to be done since only 21% references to International
Standards by the regulators

Training Standards HSSE – Oil& Gas



SHARED REFERENCES BY UK-NO-DK NATIONAL REGULATORS:

Even National Regulators around a relatively small basin, like North
Sea, do not share the same references in standards
These three regulators make references to 473 different titles of
standards, where only 6 or about 1% is shared by all three and only
44 or 9% is shared by two of the regulators.
The same conclusion is drawn if examined the shared references in
standards between US & Canada





Different national regulators, different types of training, same
content!
Minimum training standards to be dictated by National Regulators;
NOCs, IOCs training standards meet the minimum training standards
and go beyond them.
First Aid courses compulsory for electricians working on offshore
platforms
Each offshore installation must have a minimum number of First
Aiders and Medics based on the overall number of workers
All personnel offshore must have:
o Minimum Induction Safety Training Course (i.e. IMIST)
343

TRAINING PROGRAM: SUPERVISOR OFFSHORE. SHIELD

o
o

Survival Training Course (i.e. BOSIET)
Medical certificate of fitness for working offshore by
qualified medical practicioner

MOST RECOGNIZED INSTITUTIONS/PROFESSIONAL BODIES FOR OIL&GAS
TRAINING:








OPITO (Offshore Petroleum Industry Training Organization). The
industry's focal point for skills, training and workforce development.
Key training courses include IMIST, BOSIET, and many others
targeting the various professions offshore.
NEBOSH (The National Examination Board in Occupational Safety
and Health). Formed in 1979 as an awarding body with charitable
status. NEBOSH offers a comprehensive range of globallyrecognised, qualifications designed to meet the health, safety
and environmental management needs of all places of work,
including offshore, such as NEBOSH Technical Certificate for
Occupational Health & Safety Offshore (NEBOSH IOG).
IADC (International Association of Drilling Contractors) Since 1940
exclusively represents the worldwide oil and gas drilling industry.
Membership is open to any company involved in oil and gas
exploration, drilling or production, well servicing, oilfield
manufacturing or other rig-site services.
EI (Energy Institute, UK). The EI is the leading chartered
professional membership body for the energy industry, supporting
over 19,000 individuals working in or studying energy and 250
companies worldwide. The EI provides learning and networking
opportunities to support professional development, as well as

professional recognition and technical and scientific knowledge
resources on energy in all its forms and applications.

21.3 Standards in Oil & Gas Industry. See Annex 3:
Catalogue of international standards used in the petroleum
and natural gas industries
21.4 Regulators’ use of standards. See Annex 4: Regulators’
use of standards. Report № 426, March 2010
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