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1. Management review
The problem researched in this project is the danger of entering enclosed spaces. The main
question of this research is: How can fatal incidents be reduced caused by entering enclosed
spaces aboard? First, it is important to get an overall view on the current situation, the problems
and the causes. With this general knowledge, it is possible to do research on how to reduce these
accidents.
Desk research will be done to get this general knowledge. After the desk research, field research
will be done, to get in contact with companies and experts. Without these experts and companies,
it would not be possible to get to an innovative solution.
Field research has been done by doing a survey, experiment, contacting Rae systems and an expert on
the field of IMDG, enclosed spaces and tankers.
field research has been done by doing a survey, experiment, contacting Rae systems and
an expert on the field of IMDG, enclosed spaces and tankers.
The final result of the research on the matter ‘’Dangers of entering enclosed spaces’’ is a
permanent ventilation system linked to a measuring instrument. If the value of the
measurement (which is displayed on the bridge) is below the safety limit, the doors will
shut and the ventilation system will start automatically. The sensors and ventilation
system are attached to a rail inside of the enclosed space, making it possible to measure
and ventilate the condition at variable heights. This improves the safety on the ship
dramatically because no crewmember/passenger will be able to enter an enclosed space
which is not safe for entry.
The idea/solution hasn’t been tested (realistically). However, after talking to expert on
tankers and IMDG, (Arnold Nanlohy, 2016) the idea seems possible. By applying the
above mentioned ventilation system on board, the maritime world can be made safer.
The next step is designing and testing the system in real life together with a company like
Rae system to see if the idea is enforceable.
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2. Introduction
2.1 Backgrounds
The assignor for this project is:
Rotterdam Mainport University of Applied Sciences.
The assignees for this project are:
D. Zasada, D. Smorenberg, N. Ronda, L. Sadiq and L. Theuws
The group has focused on the dangers of entering enclosed spaces as this is an
underestimated problem which causes a lot of fatal accidents. Enclosed spaces can be cargo
holds and tanks, but also common rooms like the anchor locker room. Dangers posed by
enclosed spaces are mostly invisible and odorless, which makes entering a dangerous
operation for the crew involved, often even deadly.
The objective of this research is to try to reduce the fatal incidents. The main problem is that
many deadly accidents could have been prevented. By investigating the current situation of
handling this problem onboard (onboard culture), the legislation like the IMO Resolutions and
SOLAS Amendments and trough field research, an answer to the cause of the many accidents
has been found, and a possible solution is worked out.
2.2

Project assignment

It happens all the time, someone is ordered to have a quick look in the anchor locker room, for
example. The policy aboard most ships is to open the hatch and after a couple of minutes, it is
considered safe to enter the enclosed space. Unfortunately, the danger can’t be seen nor
smelled, which makes it so dangerous. Typical fatal scenarios involve a worker who enters an
enclosed space such as a chemical storage tank for cleaning or inspection. Suddenly he is
overcome by either an oxygen-deficient atmosphere, or a toxic air contaminant. A second
worker, seeing a fellow employee unconscious at the bottom of the tank (enclosed space),
enters to rescue him. He too is overcome. A third, fourth, or even a fifth worker may make
further fatally unsuccessful rescue attempts.
The main reasons why accident still occur is that warning signs alone apparently are not
prominent enough. The danger of enclosed spaces should be brought more to attention to
create more awareness, as the many accidents have proven that the danger is not prominent
enough. The other main reason is that accident could easily have been avoided if the right
procedures would have been minded when entering the enclosed space.
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The biggest problem is that safety procedures are not being enforced or are even entirely not
in place. However, there are some measures that should have been carried out according to
overarching organizations as IMO and SOLAS. The first measure is a pre-entry check. These
are hardly ever carried out according to the news articles. During a pre-entry check, the
possibility of dangerous levels of Carbon Monoxide can be ruled out. The master and the first
mate must ensure that the proper procedures are followed and monitored when ABs enter
enclosed spaces.
With IMO’s Ebook reader software, it is possible to get the consolidated version of the 2014
SOLAS amendments right on the computer screen. The SOLAS amendments prove hat there
are really measures taken to prevent accidents. The problem is however, as already
mentioned, that the right procedures have not been carried out. It is important to change the
‘culture’ aboard ships concerning safety in enclosed spaces.
2.3

Problem definition and objectives

Problem description
Enclosed spaces have the possibility to be dangerous because of invisible, odorless hazardous
gasses or low oxygen levels due to the build-up of CO & CO2 gases. Many fatal accidents have
occurred due to either not using proper safety procedures or the safety equipment has not be
stored at the designated place. Another concern is the culture aboard ships which often
criticizes the wish to perform properly the existing procedures and measurements. Next to that,
accidents have proven that the danger of entering enclosed spaces is underestimated.
Problem definition
Too many (fatal) incidents occur due to entering enclosed spaces.
Main question
How can fatal incidents be reduced caused by entering enclosed spaces aboard?
Sub-questions
What is the situation now and what are the reasons for this? (Qualitative
method and quantitative method)
What has been done to prevent accidents? (Qualitative
method and quantitative method)
What current techniques and safety measures are important to ensure the safety in an enclosed
space?
(Quantitative method)
How does IMO(SOLAS) try reduce fatal accidents?
(Quantitative method)
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3 The current situations and reasons
3.1 Introduction
Too many fatal incidents occur when entering enclosed space on vessels. To get a better
understanding a survey was made and filled out by experts and internees, this gave a better
overall view of what the situation is now, where it goes wrong and what actually can be done to
prevent this.
3.2 General information
Enclosed spaces aboard ships refer to places that are due to their enclosed nature considered
dangerous. The causes of the dangerous environment are often the presence of harmful
gasses or an oxygen deficiency.
3.3 Current situation
At present, too many, often fatal accidents occur aboard ships in enclosed spaces. These
accidents could easily have been avoided if the right procedures had been minded when
entering the enclosed space. The article on page 49, attachment 2, is an example of one the
many accidents that occur every year.
When reading through all of these articles, one thing becomes clear. The biggest problem is
that safety procedures are not being enforced or are even entirely not in place. However, there
are some measures that should have been carried out according to SOLAS. The first measure
is a pre-entry check. These are almost never carried out according to the news articles. During
a pre-entry check, the possibility of dangerous levels of Carbon Monoxide can be ruled out.
The master and the first mate must ensure that the proper procedures are followed and monitor
when ABs enter enclosed spaces. With IMO’s E-book reader software, its able to get the
consolidated version of the 2014 SOLAS amendments right on the computer screen. The
SOLAS amendments prove that there are really measures taken to prevent accidents. The
problem is however, as already mentioned, that the right procedures have not been carried out.
It is important to change the ‘culture’ aboard ships concerning safety in enclosed spaces. This
will be further explained in the upcoming sub question.
Aboard ships, it is very common to enter the holds and anchor locker. These are enclosed
spaces and are considered very dangerous. When an AB (and also the officers) is asked to
have a quick look at something in for example the anchor locker, the hesitate because there
seems no danger. The danger can not be seen nor smelled, that’s why it is so dangerous. The
policy aboard most ships is to open the hatch and after a couple of minutes, it is considered
safe to enter the enclosed space. Because this doesn’t give a guarantee, it is still dangerous.
So the enclosed spaces don’t seem to be dangerous, are often entered, and are not often
subjected to any serious form of safety or safety measures.
These are the reasons many deadly accidents happen aboard ships.
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3.4 Survey
In order to get a practical view on the current situation, a survey was developed. As a result, an
in-depth view on the current situation could be observed.

▪

▪

▪

▪

▪

▪

What do you know about the problems associated with entering an
enclosed space?
▪ 9 out of 15 respondents had knowledge about enclosed spaces
because their school or shipping company provided this
information.
▪ 2 out of 15 respondents did not receive clear warnings by their
shipping company.
▪ 6 out 15 respondents did not receive sufficient information about
enclosed spaces at their school. (probably because enclosed spaces
is a hot topic only since the last decade)
▪ 4 out of 15 respondents did not have proper safety instructions
aboard when entering enclosed spaces.
Did an accident occur on your ship by entering an enclosed space? if so,
what went wrong?
▪ No accidents were reported by the respondents.
To avoid accidents, the IMO adopted a resolution with a set of guidelines
(amendments); are you aware of this and if so, do you follow these guidelines
strictly in practice?
▪ 8 out of 15 respondents were informed by their school about the
guidelines.
▪ However 3 out of these 8 respondents were not aware of the
specific measures that should be taken.
▪ 7 respondents were not aware of IMO’s guidelines.
▪ 5 out of 15 respondents had a mandatory drill aboard about enclosed
spaces.
Next to the IMO resolution, are there other measurements taken at your ship
to avoid accidents? (in addition)
▪ 5 out of 15 respondents had a mandatory drill aboard about
enclosed spaces.
What resources or tools are there on board of your ship to avoid an
accident in an enclosed space?
▪ All of the respondents had Emergency escape breathing devices
▪ All of the respondents made their colleagues aware of the dangers
when entering enclosed spaces.
Do you have any comments and / or suggestions?
▪ 13 out of 15 respondents said they wanted more drills in enclosed
spaces.
▪ 11 out of 15 advised to always read safety instructions.
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3.5 Conclusion
Most of the respondents had knowledge about enclosed spaces because they learned about it
at school or during training aboard. Only a small part of the respondents did not receive proper
safety instructions. Half of the respondents were not aware of the current resolution of IMO.
Only 1/3 of the respondents did have enclosed space drills.
The objective of this survey was to get an overall view of the situation, so conclusions can not
be drawn from this survey.
Still, humans make mistakes, so a safety system providing a safe environment will still be an
added value to ensure the safety of the crew.
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4 Preventing accidents
4.1 Introduction
One of the main causes of deaths onboard is by entering enclosed spaces with dangerous
levels of gases such as CO and an insufficient level of oxygen. A lot has already been done to
prevent these incidents but they still occur. In the following chapter the steps that have already
been taken will be explained.
4.2 To prevent accidents
The many accidents asked for something to be done, to stop them from happening. At the
moment there are warning signs at most entrances, (according to Maritime executive (2015),
‘One dead three hospitalized in enclosed space accident’) these warning signs do not
seem to be sufficient, because the accidents keep on happening. So there were a couple of
amendments introduced throughout the years to ensure a safe environment for the crew in
enclosed spaces.
As of 30 January 2011, SOLAS revised their recommendations regarding entering enclosed
spaces. As of 30 January 2011, it has become mandatory to have an attendant at the entrance
of the enclosed space, who keeps an eye on those who entered the enclosed space and stays
in contact with them to be able to call for help immediately in case something goes wrong. It is
also mandatory to have a safety management system aboard with procedures on how to safely
enter enclosed spaces. The system also states that the crew must be correctly and sufficiently
trained. Another recommendation is that the company needs to analyze their ship’s enclosed
spaces for any possible dangers. This way, the crew will know what spaces in the ship can be
possibly dangerous. The entry to the enclosed space should be locked, and the atmosphere
should be tested.
As of January 2015, SOLAS introduced the amendment which makes in mandatory every two
months to have enclosed entry drills and training for the entire crew. The main reason for this is
to make everyone aboard aware of the dangers of enclosed spaces. The biggest danger of
enclosed spaces is that they do not seem to be dangerous. The enclosed spaces are also not
equipped with an automatic closing system preventing the crew from opening them when the
oxygen levels are dangerously low. These drills must include the following:

•
•
•
•

The crew must be able to use and check their personal safety and
communication equipment;
The crew must be able to use the instruments used for measuring the
condition of the air in enclosed spaces;
The crew must be able to use rescue equipment
The drills should be realistic, beginning with how to enter an enclosed space,
how to rescue a fellow crew member.
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Drills must be recorded in the ship’s logbook.
Port state control will also conduct checks in the future whether crewmen are aware of how to
enter enclosed spaces and what procedures to take. The checklist provided by Paris MoU can
be found in the attachments, as attachment number 3.
From September until November 2015, Paris MoU CIC scheduled a course for companies to be
able to prepare for checks conducted by Port State Control. The checklist on the next page
should be used to make sure the ship and crew meet the requirements set by SOLAS,
(described above and at the last sub question). The training program will benefit shipping
companies and their seagoing personnel and give them guidance on how to ensure the safety
aboard.
As of July 2016, a new requirement will enter into force. It will become mandatory to include
portable atmosphere testing instruments in the ship’s equipment. With these devices, it is
possible to test an enclosed space from outside of the space whether it is safe to enter. The
device will measure the levels of oxygen, flammable gasses, CO and H2S.
More about the SOLAS requirements and revisions regarding the safety of entering
enclosed spaces will be described in the last sub question.
4.3 Conclusion
When the new amendment of July 2016 will enter into force, the current problems and accidents
should significantly reduce.
The only condition is that this new amendment should be taken seriously, and maritime
colleges and shipping companies should provide the knowledge about the amendment to the
students/seafarers.
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5 Current techniques and safety measures
5.1 Introduction
Safety techniques are improved over the years such as: PID’s which will be explained later on in
this chapter and the safety precautions are in a constant development. Although the
measurements nowadays prove to be effective to a certain level, accidents still do happen.
The causes for this can be of numerous reasons, mostly human factors are the largest cause
for fatal accidents (U.S. Department of health and human services, January 1994). In this sub
question, a description of current techniques and safety measures are given. This has been
done in the phase: desk research.
5.2 Legislation
There are numerous techniques that are used by the crew of the vessel through the
recommendations of the IMO Resolution A.1050(27). These rules are meant to be followed at
all times to ensure the safety of entering the enclosed space and prevent fatalities to happen
inside the enclosed space. The techniques vary from ventilating a space to proper training of
the crew.
There are also General Precautions made by the IMO to prevent accidents and ensure the
safety of a human being in an enclosed space.
The general precautions that are required to follow by IMO Resolution A.1050(27) Chapter 6:
6.1 Entry doors or hatches leading to enclosed spaces should at all times be secured
against entry, when entry is not required.
6.2 A door or hatch cover which is opened to provide natural ventilation of an enclosed space
may, wrongly, be taken to be an indication of a safe atmosphere and therefore, an attendant
may be stationed at the entrance or the use of a mechanical barrier, such as a rope or chain
positioned across the opening with an attached warning sign, could prevent such accidental
entry.
6.3 The master or the responsible person should determine that it is safe to enter an
enclosed space by ensuring that:

.1 potential hazards have been identified in the assessment and as far as possible
isolated or made safe;

.2 the space has been thoroughly ventilated by natural or mechanical means to remove any
toxic or flammable gases and to ensure an adequate level of oxygen throughout the space;

This can be done by different methods of ventilation. The method requires a large hose, one
end of which needs to be attached to a fan and the other end lowered into the space. After a
period of time it is still required to test the atmosphere of the space (refer to .3). After stopping
the ventilation, it is possible that the hazardous atmosphere will form again, therefore some
vessels use continuous ventilation.
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.3 the atmosphere of the space has been tested as appropriate with properly calibrated
instruments to ascertain acceptable levels of oxygen and acceptable levels of flammable or
toxic vapors;

To know for certain that the oxygen level
is at a safe level, air quality testing of the
space is required. By bringing portable
oxygen detector and gas detectors, the
air can be measured to ensure a safe
entrance for workers that must enter the
space. When testing the air, it is
important to do this at various levels
(See left figure).

Source: The standard. A master’s guide to: enclosed space entry (page 33)

.4 the space has been secured for entry and properly illuminated;
.5 a suitable system of communication between all parties for use during entry has been
agreed and tested;

.6 an attendant has been instructed to remain at the entrance to the space whilst it is
occupied;

.7 rescue and resuscitation equipment has been positioned ready for use at the
entrance to the space and rescue arrangements have been agreed;

.8 personnel are properly clothed and equipped for the entry and subsequent tasks; and
The selection of appropriate PPE is based upon the hazard assessment. Procedures for
selection of PPE include:
• Identifying the potential hazards.
• Determining the types of protective equipment available for the present hazards.
• Evaluating the effectiveness of the PPE.
• Selecting appropriate protective equipment.
• Providing different sizes to properly fit all users.
• Selecting equipment that is compatible with other.
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.9 a permit has been issued, authorizing entry
Before entering an enclosed space, it is required by IMO to have taken the written
precautions as descripted in chapter 6, page number 30-32. The authorization of the master
is required and the entry into the space should be well scheduled. The use of the Entry Permit
System is recommended. An Entry Permit System is an administrative tool with information
about a future visit to the enclosed space. It contains information about the workers, possible
hazards and the duration of the visit to the space. This document also needs a signature of
the worker who did the enclosed space air testing.

5.3 Current types of ventilations
By ventilating the enclosed spaces, the atmosphere is kept safe to enter. Ventilation
should be continuous where possible because in many confined spaces the hazardous
atmosphere will form again when the flow of air is stopped.
Ventilation can be carried out in the following ways:
1. Natural ventilation
2. Supply ventilation
3. Exhaust venilation
Natural ventilation
Natural ventilation occurs when the space is opened and the natural air currents cause
airflow into, through and out of the space. Advantages and disadvantages of this
method:

-

The advantages of natural ventilation are that it is quiet, requires no power
source, doesn’t cost money to operate, will not cause ignition of combustible
gasses or vapors, and is maintenance free.
Some disadvantages are that the method is highly unpredictable (as to what
part of the space is ventilated) and very inefficient in regard to consistency
of contaminate dilution throughout the space.

Supply ventilation
Supplied ventilation is the process of moving fresh air into the space and forcing the
contaminated air in the space out. Some of the advantages and disadvantages of
supply ventilation are:

-

Supply ventilation is very effective in managing atmospheric hazards.

-

Other disadvantages of the supply ventilation include the fan noise, stirring up
dust, and during cold weather, the supplied air will lower the temperature within
the confined space.

Exhaust ventilation
Exhaust ventilation pulls air (and contaminates) out of the space and decreases air
pressure causing fresh air to be drawn into the tank through any available opening.
In the attachments a step guide can be found of the different types of ventilation methods. It’s
the attachments number 4. (Enmet, guide steps, 2010)
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6 The role of IMO in preventing accidents
6.1 Introduction
The many accidents forced IMO to act in preventing accidents. The following sections which
are described in this chapter, are almost literally taken from IMO-Vega Note, Resolution
MSC.380(94), adopted 2014-11-21 and applicable from 2016-07-01, in order to prevent
accident when entering an enclosed space.

6.2 IMO
6.2.1

-

Definitions and Characteristics:

An enclosed space is recognizable by any of the following characteristics:

1. Limited openings for entry and exit;
2. Inadequate ventilation; and
3. Is not designed for continuous worker occupancy
-

Another dangerous space adopted by IMO is called an Adjacent connected space,
means a normally unventilated space which is not used for cargo but which may share
the same atmospheric characteristics with the enclosed space.

-

Competent person, is a person with sufficient theoretical knowledge and practical
experience to make an informed assessment of the likelihood of a dangerous
atmosphere being present or subsequently arising or possible in the space.

-

Responsible person, is the person who is authorized to permit entry into an enclosed
space and having sufficient knowledge of the procedures to be established and
complied with on board, in order to ensure that the space is safe for entry

-

Attendant, is the person who is suitably trained within the safety management
system, maintains a watch over those entering the enclosed space, maintains
communication with those inside the space and initiates the emergency procedures
in the event of an incident occurring.
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Safety management for entry into enclosed spaces

-

The safety strategy to be adopted in order to prevent accidents on entry to
enclosed spaces should be approached in a comprehensive manner by the
company

-

The company should ensure that the procedures for entering enclosed spaces are
included among the key shipboard operations concerning the safety of the personnel
and the ship.

-

The company should elaborate a procedural implementation scheme which provides
for training in the use of atmospheric testing equipment in such spaces and a
schedule of regular onboard drills for crews.

-

Competent and responsible persons on board should be trained in; enclosed
space hazard recognition, evaluation, measurement, control and elimination.

-

Crew members should be trained in enclosed space safety, including
familiarization with onboard procedures for recognizing, evaluating and
controlling hazards associated with entry into enclosed spaces.

-

By the Administration of the ship’s safety management system, the system should
verify that the established procedures are complied with in practice and are
consistent with the safety strategy.

IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from
2016-07-01
Assessment of risk

-

The company should ensure that a risk assessment is conducted to identify all
enclosed spaces on board of the ship. This risk assessment should be periodically
to ensure its continued validity.

-

In order to ensure safety, a competent person should always make a preliminary
assessment of any potential hazards in the space to be entered. The competent person
who is responsible for the preliminary assessment should take into account; previous
cargo carried, ventilation of het space, coating of the space and other relevant factors.
The competent person’s preliminary assessment should determine the potential for the
presence of an oxygen- deficient, oxygen-enriched, flammable or toxic atmosphere.
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-

The procedures to be followed for testing the atmosphere in the space and for entry
should be decided on the basis of the preliminary assessment. These will depend on
whether the preliminary assessment shows that:

1. There is minimal risk to the health of life of personnel entering the space; or
2. There is no immediate risk to health or life, but a risk could arise during the
course of work in the space; or
3. A risk to health or life is identified.
IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 201607-01
Throughout the assessment process, there should be an assumption that the space to be
entered is considered to be hazardous until positively proved to be safe for entry.
In case 1 or case 2, where the preliminary assessment indicates minimal risk to health or life, or
potential for a risk to arise during the course of work in the space, then the following sections 5,
6, 7 and 8 should be followed, as appropriate.
In case 3, where the preliminary assessment indicates a risk to health or life is identified, then
section 9 should be followed, as appropriate.

SECTION 5. AUTHORIZATION OF ENTRY (case 1,2)
-

No person should open or enter an enclosed space unless authorized by the master
or the nominated responsible person and unless the appropriate safety procedures
laid down for the particular ship have been followed.

-

Entry into enclosed spaces should be planned and the use of an entry permit system,
which may include the use of a checklist, is recommended, an enclosed space entry
permit should be issued by the master or the nominated responsible person, and
completed by the personnel who enter the space prior to entry. An example of the
enclosed space entry permit is provided in the attachments, number 5.

IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 201607-01
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SECTION 6. GENERAL PRECAUTIONS (case 1,2)

-

Entry doors or hatches leading to enclosed spaces should at all times be secured
against entry, when entry is not required.

-

A door or hatch cover which is opened to provide natural ventilation of an enclosed
space may, wrongly, be taken to be an indication of a safe atmosphere and therefore,
an attendant may be stationed at the entrance or the use of a mechanical barrier, such
as a rope or chain positioned across the opening with an attached warning sign, could
prevent such accidental entry

-

The master or the responsible person should determine that it is safe to enter an
enclosed space by ensuring that:

2. Potential hazards have been identified in the assessment and as far as possible
isolated or made safe;

3. The space has been thoroughly ventilated by natural or mechanical means to remove
any toxic or flammable gases and to ensure an adequate level of oxygen throughout
the space;

4. The atmosphere of the space has been tested as appropriate with properly calibrated
instruments to ascertain acceptable levels of oxygen and acceptable levels of
flammable or toxic vapours;

5. The space has been secured for entry and properly illuminated;
6. A suitable system of communication between all parties for use during the entry has
been agreed and tested;

7. An attendant has been instructed to remain at the entrance to the space whilst it’s
occupied;

8. Rescue and resuscitation equipment has been positioned ready for use at the
entrance to the space and rescue arrangements have been agreed;

9. Personnel are properly clothed and equipped for the entry and subsequent tasks; and
10. A permit has been issued, authorizing entry.
The precautions in subparagraphs 6 and 7 may not apply to every situation described in this
section. The person authorizing entry should determine whether an attendand and the
positioning of rescue equipment at the entrance to the space are necessary.
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•

Only trained personnel should be assigned the duties of entering, functioning as
attendants or functioning as members of rescue teams. Ships’ crews with rescue and
first aid duties should be drilled periodically in rescue and first aid procedures. Training
should include as a minimum:

1. Identification of the hazards likely to be faced during entry into enclosed
spaces;

2. Recognition of the signs of adverse health effect caused by exposure to
hazards during entry; and

3. Knowledge of personal protective equipment required for entry.
All equipment used in connection with entry should be in good working condition and
inspected prior to use.
IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 201607-01

SECTION 7. TESTING THE ATMOSPHERE (case 1,2)
•

Appropriate testing of the atmosphere of a space should be carried out with properly
calibrated equipment by persons trained in the use of the equipment. The
manufacturers’ instructions should be strictly followed. Testing of the space should be
carried out before any person enters the space and at regular intervals thereafter until
all work is completed. Where appropriate, the testing of the space should be carried
out at as many different levels as is necessary to obtain a representative sample of the
atmosphere in the space. In some cases it may be difficult to test the atmosphere
throughout the enclosed space without entering the space (e.g. the bottom landing of a
stairway) and this should be taken into account when assessing the risk to personnel
entering the space. The use of flexible horses or fixed sampling lines, which reach
remote areas within the enclosed space, may allow for safe testing without to enter the
space.

•

For entry purposes, steady readings of all of the following should be obtained:

1. 21% oxygen by volume by oxygen content meter;
Note: National requirements may determine the safe atmosphere range.

2. Not more than 1% of lower flammable limit (LFL) on a suitably sensitive
combustible gas indicator.
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3. Not more than 50% of the occupational exposure limit (OEL) * of any toxic
vapours and gases.
If these conditions cannot be met, additional ventilation should be applied to the space and retesting should be conducted after a suitable interval.

•

Any gas testing should be carried out with ventilation to the enclosed space
stopped, and after conditions have stabilized, in order to obtain accurate
readings

•

Where the preliminary assessment has determined that there is potential for the
presence of toxic gases and vapors, appropriate testing should be carried out, using
fixed or portable gas or vapor detection equipment. The readings obtained by this
equipment should be below the occupational exposure limits for the toxic gases or
vapors given in accepted national or international standards. It should be noted that
testing for flammability or oxygen content does not provide a suitable means of
measuring for toxicity, nor vice versa.

•

It should be emphasized that the internal structure of the space, cargo, cargo
residues and tank coatings may also present situations where oxygen-deficient areas
may exist, and should always be suspected, even when an enclosed space has been
satisfactorily tested as being suitable for entry. This is particularly the case for spaces
where the path of the supply and outlet ventilation is obstructed by structural
members of cargo.

IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 201607-01

SECTION 8. PRECAUTIONS DURING ENTRY (case 1,2)
•

The atmosphere should be tested frequently whilst the space is occupied and
persons should be instructed to leave the space should there be a deterioration in the
conditions.

•

Persons entering enclosed spaces should be provided with calibrated and tested multigas detectors that monitor the levels of oxygen, carbon monoxide and other gases as
appropriate.

•

Ventilation should continue during the period that the space is occupied and during
temporary breaks. Before re-entry after a break, the atmosphere should be re-tested.
In the event of failure of the ventilation system, any persons in the space should leave
immediately
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•

Particular care should be exhibited when working on pipelines and valves within the
space. If conditions change during the work, increased frequency of testing of the
atmosphere should be performed. Changing conditions that may occur include
increasing ambient temperatures, the use of oxygen-fuel torches, mobile plant, work
activities in the enclosed space that could evolve vapours, work breaks, or if the ship is
ballasted or trimmed during the work.

•

In the event of an emergency, under no circumstances should the attending crew
member enter the space before help has arrived and the situation has been evaluated
to ensure the safety of those entering the space to undertake rescue operations. Only
properly trained and equipped personnel should perform rescue operations in enclosed
spaces.

IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 201607-01

SECTION 9. ADDITIONAL PRECAUTIONS FOR ENTRY INTO A SPACE
WHERE THE ATMOSPHERE IS KNOWN OR SUSPECTED TO BE
UNSAFE (case 3)
•

Spaces that have not been tested should be considered unsafe for persons to enter. If
the atmosphere in an enclosed space is suspected or known to be unsafe, the space
should only be entered when no practical alternative exists. Entry should only be made
for further testing, essential operation, safety of life or safety of a ship. The number of
persons entering the space should be the minimum compatible with the work to be
performed.

•

Suitable breathing apparatus, e.g. of the air-line (een slang die verbonden is met
een tank of ruimte met zuurstof) or self-contained type(zuurstoffles). It should
always be worn, and only personnel trained in its use should be allowed to enter the
space. Air-purifying) should not be used as they do not provide a supply of clean air
from a source independent of the atmosphere within the space.

•

Persons entering enclosed spaces should be provided with calibrated and tested Multigas detectors that monitor the levels of oxygen, carbon monoxide and other gases as
appropriate.

•

Rescue harnesses should be worn and, unless impractical, lifelines should be used.
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Appropriate protective clothing should be worn, particularly where there is any risk of
toxic substances or chemicals coming into contact with the skin or eyes of those
entering the space.

•

IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 201607-01

HAZARDS RELATED TO SPECIFIC TYPES OF SHIPS OR CARGO
Dangerous goods in packaged form

-

The atmosphere of any space containing dangerous goods may put at risk the health or
life of any person entering it. Dangers may include flammable, toxic or corrosive gases
or vapors that displace oxygen, residues on packages and spilled material. The same
hazards may be present in spaces adjacent to the cargo spaces. Information on the
hazards of specific substances is contained in the International Maritime Dangerous
Goods (IMDG) Code, the Emergency Procedures for Ships Carrying Dangerous Goods
(EMS) and Material Safety Data Sheets (MSDS). If there is evidence or suspicion that
leakage of dangerous substances has occurred, the precautions specified in section 9
should be followed.

-

Personnel required to deal with spillages or to remove defective or damaged packages
should be appropriately trained and wear suitable breathing apparatus and appropriate
protective clothing.

Liquid bulk

-

The tanker industry has produced extensive advice to operators and crews of ships
engaged in the bulk carriage of oil, chemicals and liquefies gases, in the form of
specialist international safety guides. Information in the guides on enclosed space
entry amplifies these recommendations and should be used as the basis for
preparing entry plans.

Solid bulk

-

On ships carrying solid bulk cargoes, dangerous atmospheres may develop in cargo
spaces and adjacent spaces. The dangers may include flammability, toxicity,
oxygen depletion or self-heating, as identified in the shipper’s declaration. For
additional information, reference should be made to the International Solid Bulk
Cargoes (IMSBC) Code.
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Use of Nitrogen as an inert gas *

-

Nitrogen is a colorless and odorless gas that, when used as an inert gas, causes
oxygen deficiency in enclosed spaces and at exhaust opening on deck during
purging of tanks and void spaces and use in cargo holds. It should be noted that
one deep breath of 100% nitrogen gas will be fatal.

Oxygen-depleting cargoes and materials

-

A prominent risk with such cargoes is oxygen depletion due to the inherent from the
cargo, for example, self-heating, oxidation of metals and ores or decomposition of
vegetable oils, fish oils, animal fats, grain and other organic materials or their residues.
The materials listed below are known to be capable of causing oxygen depletion.
However, the list is not exhaustive. Oxygen depletion may also be caused by other
materials of vegetable or animal origin, by flammable or spontaneously combustible
materials and by materials with a high metal content, including, but not limited to:

-

Grain, grain products and residues from grain processing (such as bran, crushed grain,
crushed malt or meal), hops, malt husks and spent malt;

-

Oilseeds as well as products and residues from oilseeds (such as seed expellers, seed
cake, oil cake and meal)

-

Copra;

-

Wood in such forms as packaged timber, round wood, logs, pulpwood, props (pit
props and other prop wood), woodchips, wood shavings, wood pellets and sawdust;

-

Jute, hemp, flax, sisal, kapok, cotton and other vegetable fibers (such as esparto
grass/Spanish grass, hay, straw, bhusa), empty bags, cotton waste, animal fibers,
animal and vegetable fabric, wool waste and rags;

-

Fish, fishmeal;

-

Guano;

-

Sulphidic ores and ore concentrates;

-

Charcoal, coal, lignite and coal products;
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-

Direct reduced iron (DRI);

-

Dry ice;

-

Metal wastes and chips,. Iron swarf, steel and other turnings, borings, drillings, shavings, fillings
and cuttings; and

-

Scrap metal.

Fumigation

-

When a ship is fumigated, the detailed recommendations contained in the Recommendations
on the safe use of pesticides in ships should be followed. Spaces adjacent to fumigated
spaces should be treated as if fumigated.

IMO-Vega Note, IMO Resolution MSC.380(94), adopted 2014-11-21 and applicable from 2016-07-01
6.3 Conclusion
Failure to observe simple procedures can lead to persons being unexpectedly overcome when entering
enclosed spaces. Observance of the principles and procedures outlined above will form a reliable basis for
assessing risks in such spaces and for taking necessary precaution. Nevertheless, the principles and
procedures outlined above are very time-consuming. Next to that, fact is that accidents still occur
because principles and procedures outlined above are not implemented onboard properly.
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7. Techniques to be used in the future
7.1.1 Introduction (experiment)
The goal of the practical field research is to create a realistic situation of an enclosed space
filled with a harmful gas. This ‘gas’ will simulate a situation on board of a ship where the
oxygen decreases to a dangerous level. By placing and moving around a fan, it is possible to
see how the fumes react to the fan.

7.1.2 The theory of the experiment
To create a solution to the current problem the following theory was conceived. Combining a
‘suction’ fan and ‘blowing’ fan the expectation is that the enclosed space will be safe for entry
sooner. The fans
need to be on opposite sides in the
enclosed space and adjustable in height, to
ensure that on every level the harmful gases
are expelled.
Theoretically, if you multiply the suction and
blow fans than the time what it takes to clear
the enclosed space from any hazardous gas
will decrease.
If a permanent system which contains a
suction and blow hose/pipe
is designed for every enclosed space on a ship, it could be linked to measuring instruments
(RAE systems) the result of which results will be displayed on the bridge. This system has to be
adjustable in height to measure different levels in the space and could also be extended with
an automatic start of the ventilation system if values are below a certain safety level.
Contact with technical instructor has been established. The outcome of this conversation is
that the theory is realistic and could improve the current situation.
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Products to be delivered:
- The prove that this method is really more efficient than the current methods used.
- To locate the blind spots* in an enclosed space.
- To discover where to place the ventilation in order to get the maximum efficiency.
Blind spots* these are the gassy ‘clouds’ that are left behind after ventilation the
enclosed space by using the fan-hose, also known as gas pockets.

7.1.3 Recommendation for an experiment:
In order to get a clearer view on the
efficiency of the system mentioned
above, experiments need to be done.
It is highly recommendable to use
colored gas for the experiment and a
transparent box. This way it is
observable when there is no more
gas left in the box. Next to this
advantage black spots are easily to
locate. First test the current
technique which consist of only one
blowing fan with a hose. The second
test is to combine the power of one
blowing and one suction fan, see
picture 7.1.3.1. To prove if the
improved method is more efficient
than the current technique, time is
measured and the difference is
calculated.
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7.1.4 Conclusion
The theory still needs further research to make hard conclusions. But the improved method
should be better than the current method by using pure logical thinking: one blowing fan will be
less effective than two fans on opposite sides, one sucking and one blowing fan. The current
method uses only one entry for inserting the hose and at the same time for the exit of the harmful
gases. In our method we use an entry and exit on the opposites of the space. This will result in a
better air flow which increases the speed of cleaning the enclosed space. Together with the
measure instruments we can ensure the safety of the crew entering the enclosed space and raise
the situational awareness of entering the possibly ‘dangerous’ enclosed space.
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7.2.1 Introduction (RAE-Systems)
RAE systems is an expert on the monitoring of harmful gases. The systems are being
used in the offshore industry, civil defense, decontamination, etc. They create sensors
which are manageable from distance automatically and manually. The sensors are until
now are able to detect 4 different types of gases. To invent a system which links a
portable sensor to a lockable door or hatch of an enclosed space, to a bridge alarm
system display and to the fans in a rail system, to find out if it is possible, contact has
been established with RAE-Systems.

7.2.2 The technique (Innovation)
IMO has made it mandatory to keep the oxygen level under 8,0% to avoid the danger of
fire and or explosion. This is one of the 4 gases the sensor should monitor. The oxygen
level is the main concern to keep an eye on when entering is necessary. It is mandatory
to keep the oxygen level 21% or more when entering the space. The main lethal gases
which causes fatal incidents are hydrogen sulphide and carbon monoxide, according to
news and articles. RAE-Systems have confirmed the possibility creating a sensor
capable of measuring concentrations of oxygen, flammable gases or hydrogen sulphide
and carbon monoxide. Creating a sensor capable of measuring more than 3 or 4
different types of gasses are for the future and further research has to be done.
It is also mandatory to measure the space in three levels. Some gases are
lighter then oxygen and hover on the higher levels, while other gasses are
heavier so that these hover on the lower levels of an enclosed space. To
have three sensors on three levels of each tank or other enclosed spaces
would be expensive, when you can do it with one sensor only.
Transportable sensors are already on the market and made mandatory by
IMO for 2016.
These portable sensors using rails to come from bottom to top of a space and vice
versa are not new for RAE-Systems, but already in use.
The innovative part is to link the portable sensor capable of measuring concentrations of
oxygen, flammable gases or hydrogen sulphide and carbon monoxide with the entrance
door or hatch of an enclosed space, a bridge alarm information display and the fans with
a rail system to make them adjustable in height (more information, see chapter 8.
Solutions/innovations). Should the sensor detect an unsafe atmosphere, the entrance
door will automatically be locked but are still able to open from the information display on
the bridge and from the inside of the space. The fans will take the most efficient position
in height and start ventilating till the sensor measures a safe atmosphere. The possibility
of linking the sensor to these factors has been acknowledged as possible, but if it is
affordable further research has to be done.
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7.2.3 Conclusion
The combination of a sensor and a ventilation system, linked to each other, has proven to
provide a safe environment. According to RAE-systems, this is possible. This system should
have an information display on the bridge to get an overall view of the situation in every hold
and enclosed space of the ship. The display will also show the presence of a human being.
The Officers will get an alarm signal when the atmosphere is at a dangerous level. At this point
the crew will know it is not safe to enter the enclosed space. Next to that the entrance door will
automatically be locked, the fans will position and the ventilation system will start ventilating.
The door off course is open able from the inside of the space and should it be necessary then it
is possible to open the door with the information display
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8. Solutions/innovations
As a result, from the field research, it became clear that a combination of a sensor and a
ventilation system, linked with each other, will provide a safe environment. According to RAEsystems, this is possible.
This system should have an information display on the bridge to get an overall view of the
situation in every hold and enclosed space of the ship. An alarm signal will go off whenever the
atmosphere is at a dangerous level. This alarm will be noticeable from either on the display on
the bridge, the portable gas detectors which the employees are carrying on them and it is even
possible to be notified by SMS or e-mail. When the alarm signal goes off the crew will know it is
not safe to enter the enclosed space.
By integrating this system with IMO’s mandatory entry enclosed space drills the situational
awareness aboard the ship can be raised and prevent accidents in the future and create a safe
working place in the confined space.
To make sure the space is ventilated thoroughly, the best way to extract the gases is by using a
rail system. This system is equipped with the fans and the sensors which can move vertically,
this way the system detects and ventilates the entire hold which will result in to reducing blind
spots. One side for the blowing and the other side for the suction, as the experiment has
proven it to be efficient. The measurement will happen automatically with a set time period after
the hold or tank has been emptied (cargo) and a constantly measurement will happen in
enclosed spaces like the anchor locker room. As a result of the fans having the possibility to
take different positions in height, it is possible to ensure a constant smooth and efficient air
flow. The back end of the fan must be connected to a hose which will extract the fumes outside
the hold. Also, numerous cables must be connected with the fan and sensors. Further research
is needed regarding how the system is connected to the power supply, numerous cables, in
and outlet hose. Further research is also needed for if the positioning of the fans will happen
manual or automatically, because it involves a lot of technique.
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9. Main conclusion
Failure to observe simple procedures can lead to persons being unexpectedly overcome
when entering enclosed spaces. Observance of the principles and procedures outlined above
will form a reliable basis for assessing risks in such spaces and for taking necessary
precaution. The goal in the Maritime Business is always to make things easier, faster and
safer. The conclusion is to think of solutions which can help IMO and the safety aboard ships.
Looking at SOLAS amendment of 2016, it requires every vessel to have a portable multisensor. This sensor is capable of measuring all the possible dangers of enclosed spaces.
Because it is a portable device you can measure the spaces at different levels, which is also
required. To ensure safety of life and health, doors or hatches to enclosed spaces should be in
contact with the sensor. This should also apply for the ventilation systems. If the sensor
measures danger(s), the ventilation system will be activated to clean the space and the doors
or hatches to the enclosed space will be closed automatically. To make this possible a sensor
is required which is capable of measuring all dangers from multiple spots in the enclosed
space, by using a railing system. But there is a big butt, a vessel knows many enclosed
spaces, obliging companies to put a sensor in all these spaces may be considered as
unnecessary. There are obvious common rooms which claims the most victims, these spaces
should be obliged to apply such multi-sensor, of course connected to doors (or hatches) and
ventilation systems.
The ventilation system should be a combination of the supply and exhaust ventilation system.
The fans propelled by an electrical motor help to suck in fresh air and extracts the harmful
gases or fumes outside the space. This system should work automatically when the multisensor detects a dangerous level, such as oxygen deficiency. The extracted gases will be
captured in a fixed or portable tank or shall be extracted to the open air if the local legislation
allows this. Most dangerous problems of such system are the blind spots which can appear
due to incomplete change of the air.
As mentioned, the sensors and ventilation system should be attached to a rail, making it
possible to measure and ventilate the condition of the enclosed space in variable heights. More
research about this recommended.
Fatal incidents can be reduced by installing an integrated system with the capability of
monitoring harmful gases and ventilating the enclosed space when needed. This in
combination with the 2016 SOLAS amendment, making entry drills mandatory will
dramatically increase the safety in enclosed space.
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10.

Recommendations

Practical recommendations
To get further realisation of this research, it is recommended to do further research on the
following topics:

•
•
•
•
•
•

Exact type of measuring instrument (technology);
The amount of fan-sensor systems that should be placed within a space;
Environmental issues such as where to extract the toxic fumes to;
How the railing system is connected to the power supply and hose?
The costs for such a system;
The capacity of the fan;

Theoretical recommendations
An innovative recommendation could be to make the principles and procedures outlined above
more prominent to create more awareness. IMO made it mandatory for all seafarers to
obtaining licenses for courses like Basic Safety, Security Awareness and Piracy. For example,
the Basic Safety course contains firefighting and running with gas masks on. Seafarers must
know how to use gas masks, must get used to them. Normally, gas masks are only used in
case of fire/smoke, but every enclosed space should have a gas mask with an oxygen bottle at
the entrance in case of emergencies, also made mandatory by IMO. It could be a life-changing
recommendation to give the use of gas masks in the Basic Safety course extra attention,
reflecting it not only to fire but also to enclosed spaces. As psychology has proven that
repetition of the same fact over and over provides memory recognition. The brain will link a
major danger warning sign to enclosed spaces if not only the Basic Safety training remits to
danger of enclosed spaces but even more when there would be a course for the danger of
enclosed spaces, like there is for piracy. But these are only recommendations, there are no
criticism to be noted against IMO’s resolution and the SOLAS amendments, if the principles
and procedures outlined above are applied, then the chance of fatal incidents will be
significantly reduced.
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11.

Epilogue

We would like to thank all the teachers for their support. Mrs. Van de Berk, our principal, Mr.
van Kluijven, the general manager of all the project groups, our technical teacher Mr. Brand,
who supported us with the experiment and provided us the materials while he was very busy
with the open day. We especially want to thank Mr. de Pater, product manager at RAE systems
who helped us a lot by providing information and telling us about his experience about creating
a safe environment in enclosed spaces. Also Mr. Nanlohy, with great expertise regarding IMDG
and safety aboard tankers provided us with a lot of information.
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Attachment 1
Beste Meneer/Mevrouw,
In het tweede jaar van de opleiding maritiem officier worden de studenten aan het werk
gezet met een probleem uit de maritieme wereld. Onze project groep bestaande uit vijf
studenten heeft het volgende onderwerp gekozen: The dangers of entering an enclosed
space.
Onze doelstelling is om een oplossing te vinden voor de gevaren van gesloten ruimten,
zoals blijkt
uit de titel van ons onderzoek. Het gaat hier vooral over de afwezigheid van O2 en de
opbouw van
gevaarlijke gassen zoals CO2 en CO. Ons project is gebaseerd op de ingesloten
ruimten aan boord van een schip, zoals het ruim, anchor locker, e.d.
Om een goed beeld te krijgen van de werkelijk situatie in uw bedrijf/schip hebben wij
een enquete opgesteld. Het zou ons dan ook deugt doen dat u deze voor ons invult en
terugstuurt. Hierbij verzekeren wij u dat uw anonimiteit gewaarborgd blijft.
Alvast hartelijk dank!
Met vriendelijke groeten,
Project groep 11
- Niels Ronda
- Lezan Sadiq
- Dave Smorenberg
- Dylan Zasada
- Lukas Theuws
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1) Wat weet u over de problematiek rondom ongevallen die gebeuren bij het
betreden van een afgesloten ruimte?
De problematiek rondom ongevallen die plaatsvinden bij het betreden
van
een afgesloten ruimte komt enkel en alleen voort uit het niet goed opvolgen van
welomschreven en onderlijnde veiligheidsinstructies. De grootste ‘problemen’
(mogen we in deze context stellen) zijn ervaring en tijdsdruk. Het dualisme van
ervaring ligt erin dan een grote kennis van de stiel begeleid gaat met een bijna
continu onderschatting van de beroepsrisico’s. Door een onderbemande staf en
een frequent hoge werkdruk worden er onder de noemer van tijdsdruk onnodige
risico’s gelopen tijdens de uitvoering van werkzaamheden (in zijn algemeenheid
en specifiek bij het betreden van afgesloten ruimten).
2) Heeft er ooit zo een ongeluk plaatsgevonden op uw schip? Zo ja, wat ging
er mis?
Ongevallen zijn helaas onvermijdelijk in een gemechaniseerde werkomgeving.
Van zeer ernstige werkongevallen met tragische gevolgen heb ik (gelukkig) enkel
via derden kennis genomen. Wel zijn er in de afgelopen jaren ongevallen
voorgevallen (tot mijn grote frustratie) die enkel en alleen te maken hebben met
laksheid. Het niet dragen van een helm dat hoofdletsel veroorzaakt in meermaals
voorgekomen. ‘Bijna’ ongevallen bij werkzaamheden in een besloten ruimte kan
ik u wel melden; Een (onverantwoorde) verantwoordelijke die het niet nodig
scheen te vinden persoonlijke waarschuwingsapperatuur bij zich te dragen om
een eventueel zuurstofgebrek vast te kunnen stellen. Draaiende assen die niet
op handbediening werden gezet bij het betreden van een afgesloten ruimte
(levensgevaarlijk!!). En een wachtman die het naliet toe te zien dat de vluchtweg
werd vrijgehouden
3) Om ongevallen te voorkomen heeft de IMO een aantal richtlijnen opgesteld;
Bent u hiervan op de hoogte en zo ja, volgt u deze richtlijnen ook strikt?

De IMO schrijft veiligheidsvoorschriften voor bij het betreden van afgesloten
ruimte naargelang de verwachte risico’s. De specifieke risico’s in een gesloten
ruimte zijn verstikking, explosie, bewegende delen en elektrocutie.
Toegeven, de specifieke richtlijnen voor elk van deze specifieke risico’s zou ik
niet exhaustief kunnen opsommen. Richtlijnen zijn ook wat ze zijn, ze dienen met
de nodige billijkheid en inschattingsvermogen te worden gehanteerd. Dat neemt
niet weg dat algemene veiligheidsrichtlijnen (altijd en overal!) moeten worden
toegepast (voor deze richtlijnen doe ik een beroep op uw logica en kennis
waarover u als 2e jaars Maritiem Officier hoort te beschikken).
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4) Heeft u naast de regels van de IMO zelf nog actie ondernomen met een
andere maatregel?
Richtlijnen kunnen pas worden toegepast wanneer er volledige aandacht en
concentratie aanwezig is, en de uitvoerder goed geïnformeerd wordt wat
zijn/haar rol is bij het uitvoeren van een operatie in een afgesloten ruimte. Hier
wordt op toegezien.
5) Welke middelen bevinden er zich aan boord van uw schip om een ongeluk
in een afgesloten ruimte te voorkomen?
Zuurstofmeter, explosiemeter, een aantal meters voor specifieke giftige of
explosieve dampconcentraties vast te stellen, onafhankelijke adembescherming,
afzettingsmateriaal, explosiefvrije gereedschap, persoonlijk
beschermingsmateriaal, hijstoestellen, ademluchttoestellen, ladder, EHBOvoorzieningen, explosiefvrije communicatiemiddelen (portofoons..)… Dit is vast
en zeker geen exhaustieve opsomming. Deze middelen zijn pas nuttig wanneer
ze bedient worden door goed opgeleid, geïnteresseerd personeel. Laat mij u dan
ook op het hart drukken dat uw collega’s het belangrijkste ‘middel’ zijn om een
operatie in afgesloten ruimte met succes te verwezenlijken.
6) Op welke manier denkt u dat men dit probleem kan/moet oplossen?
Een behoorlijke opleiding, preventie, ervaring (in zijn goede zin = een zinvolle
inschatting kunnen maken van beroepsrisico’s in een specifieke operatie),
waarheidsgetrouwe simulatie (want zoals u weet, oefening baart kunst).
7) Heeft u nog verdere op- en/of aanmerkingen?
Gebruik uw hersens! Logica is een woord dat velen raar in de oren klinkt, zo blijkt
keer op keer opnieuw. Wees op de hoogte van veiligheidsinstructies, en nog
belangrijker: Wees niet bang om andere op fouten te wijzen. Fouten maken is
een menselijk fenomeen wat ons allen in het verschiet ligt, maar de kans op een
fout kan door risicobeperking gereduceerd worden.
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Attachment 2
Source:
Laursen, W. (2015, April 29). One dead three hospitalized in enclosed space accident.
Retrieved October 10, 2015, from http://www.maritime-executive.com/article/one-deadthree-hospitalized-in-enclosed-space-accident
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Attachment 4
Supply ventilation
1. Position the fan four to six feet from entry point with the fan intake pointed
into the wind. For eight feet from the fan intake, the area should be free
from airborne contaminates and loose stones.
2. For vertical spaces, position the hose in approximately 75 per cent of the
distance to the bottom of the space, and no more than maximum 15 feet
from the work area. Tie a rope approximately 2' from the end of the hose
and lower the hose into the space. Raise the end of the hose with the rope
to achieve a second bend (inside hose angle between 120 and 150 °) in
the hose and secure the rope to keep the bend in place. For horizontal
spaces, lay the hose on the floor with the end of the hose within 10 feet of
the far wall.
3. Turn the ventilator on before placing the hose into the space and let the
unit run for time enough for two complete air changes before performing
any gas testing. When testing, ensure the detector is out of the direct
ventilation airflow pattern.
4. Ensure there is no "short circuiting" of the air. If the space has a second
opening, place the ventilator at the smaller opening to create better air
circulation through the space. If the space has only one large opening,
place the ventilator on the opposite side farthest from the area where the
workers will enter the space.
Exhaust ventilation
1. Position the worker three feet from source of contaminates generation
point. If the entire space is contaminated and is going to be cleaned with
exhaust ventilation, keep the hose three feet from the worker.
2. Position the duct one foot from the contaminate source, and one foot
below the worker's breathing zone.
3. Position unit so that the exhaust end of the unit is out of the wind and the
exhausted air is not pull back into the space. If the exhaust contaminates
are explosive, make sure the air does not come in contact with the fan
motor. In addition, the unit should be grounded.
4. If the contaminates being purged are potentially lethal, an area 10 feet in
front of all openings should be considered hazardous, barricaded and
monitored periodically with the gas detector. In addition, the attendant
should wear appropriate respiratory protection
These guide steps are taken from the website: http://www.enmet.com/pdf/confinedspace-blowing-it-out.pdf
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Attachment 5
(pre-entry permit IMO Resolution)
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