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Disclaimer
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its members or third parties are purely voluntary and not binding.
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reference to or use of information or suggestions contained in EIGA's publications.
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1 Introduction
1.1 Safety leaflets
Safety training leaflets summarise the basic operational safety knowledge which needs be known by

employees working in the gas industry.

Refer to EIGA Doc 23 Safety Training of Employees for the various combinations of leaflets which define
the scope of safety training for a variety of specific jobs.

Each leaflet addresses a specific topic as identified in the title.
1.2 Comprehension tests

There is a comprehension test for each leaflet, included in Appendix 1.

Each test comprises several questions. To pass the test it is suggested that the employee should score
75% at the first attempt. Incorrect answers should be discussed to confirm understanding.

Appendix 2 includes the list of correct answers.
2 Carbon dioxide
2.1 Carbon dioxide specific properties

e Carbon Dioxide (COy2) is a colourless, odourless and tasteless substance in the gaseous phase.

e In gaseous form it is heavier than air.

e Carbon dioxide, can be produced, stored or used as gas, liquid or solid. Solid carbon dioxide is
usually called “dry ice”.

e The following diagram summarizes the physical state of carbon dioxide when pressure and
temperature vary.

A

Pressure
(bar, abs)
Critical point
73.8 bars
SOLID LIQUID
5.18 bars Triple point
VAPOR (“gas”)

1.01 bar >

-78.5°C -56.6°C +31.0°C

Temperature
Figure 1 Carbon dioxide pressure-temperature diagram
¢ Note that:

o when liquid carbon dioxide pressure drops below 4.18 bar (5.18 bar. abs) and/or its
temperature drops below -56,6°C, solid carbon dioxide is formed.
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Carbon dioxide concentration and effects on humans

Level of CO: Likely Effects

1-15% Slight effect on chemical metabolism after exposures of several hours

1,5-4 % The gas is weakly narcotic at this level, giving rise to deeper breathing, reduced
hearing ability, coupled with headache, an increase in blood pressure and pulse
rate.

4-5% Stimulation of the respiratory centre occurs resulting in deeper and more rapid
breathing. Signs of intoxication will become more evident after 30 minutes
exposure.

5-10% Breathing becomes more laborious with headache and loss of judgement.

10 -100 % When the carbon dioxide concentration increases above 10%,

unconsciousness will occur in under one minute and unless prompt action is
taken, further exposure to these high levels will eventually result in death

2.2

WARNING: Carbon _dioxide intoxication is_entirely independent of the effects of oxygen
deficiency (i.e. asphyxiation), therefore the oxygen content in the air is not an effective indication
of the danger of intoxication. For example, a reduction of “only” 2% oxygen results in a
concentration of 9.5% carbon dioxide in atmosphere and according to the table above, this
represents a significant hazard of intoxication to any people in the area. See EIGA S| 24 for
more information [3].

The usual concentration in ambient air outdoors is around 400ppm. Carbon dioxide
concentration in the air that we breathe must be kept below 0,5% (5000ppm TLV-TWA). Higher
concentrations can be tolerated by workers for short time periods (see below).

In working places with potential for accumulation of CO2 carbon dioxide concentration shall be
monitored . Severe physiological effects occur over 1,5% see DOC 174, Table A3). Specific
Threshold Limit Values depend upon local regulations and can vary from one country to another.

Carbon dioxide is hazardous as it can generate low temperature (cryogenic burns), ice plugs
(overpressure and striking objects)
The fixed carbon dioxide monitor shall be installed, operated, calibrated and maintained as
prescribed by its manufacturer and in accordance with industry recommendations e.g. regarding
the height above ground, including;
o The monitoring system should have an electric power backup in case of power outage.
o Where no local regulation exists, the following alarm settings are recommended (see
Doc 174, Table A3):

Pre-alarm threshold 0.5%

Evacuation threshold 1.5%

A pre-alarm threshold shall trigger an audible and visual alarm.

Production of liquid carbon dioxide

Operators must know the maximum (and sometimes minimum) allowed concentrations of plant
feed stream components and what to do if limits are exceeded.

Low temperature and high pressure are potential hazards which require documented safe
operating and maintenance practices.

If Ammonia is used as refrigerant in the process, procedures shall include very clear instructions
regarding the specific respiratory protective equipment (RPE) (e.g. self-contained breathing
apparatus), PPE (e.g. chemical suit) and emergency procedures. RPE shall only be used by
certified personnel.
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3

3.1

Liquid carbon dioxide storage and transfer

It is important to understand the specific operating temperature and pressure range for each
liquid CO2 storage tank. Some are designed for temperature conditions in the presence of solid
CO2, but others may not. If liquid CO2 tanks not specified for the temperature of dry ice, the
material may become brittle and fail.

Liquid carbon dioxide storage tanks are registered pressure vessels so the tank name plate and
the site operating procedures must clearly specify the temperature and pressure limits.
Therefore tank pressure monitoring and control is critical, operating instructions shall be
understood and followed, uncontrolled deviations shall be reported immediately.

Pressure relief devices protect storage tanks against overpressure hazards, you must know
their set points. Only relief devices designed for liquid carbon dioxide service can be used.

Storage tanks are often equipped with a low-pressure alarm that is set at a pressure above
8 bar to warn before triple point pressure is reached.

It is hazardous to overfill liquid storage tanks. Level of liquids in storage tanks must be
monitored.

On liquid lines, there shall always be a pressure relief valve between two valves.

During transfer of liquid carbon dioxide, ice plugs can be generated inside the piping or flexible
hose when transfer procedures are not followed. This can lead to serious incidents caused by
overpressure, low temperature, high velocity pieces of dry ice and whipping hoses.

Liquid carbon dioxide pressure shall be kept above 8 bar until flexible hoses are drained.

Flexible hoses shall be coupled to safety lines secured at both ends (trailer or truck at one end
and storage tank at the other end).

A liquid carbon dioxide release in the atmosphere generates a thick cloud consisting of
condensed moisture and dry ice crystals. Do not expose yourself to the cloud and try to get out
of the cloud.

Sealings and Gaskets needs to be designed for CO2 usage, since CO2 has the capability to
“dry out” any material. Preferably PTFE or EPDM sealing should be used.

If carbon dioxide is used insides, a gas monitoring system shall be installed. In case of an alarm,
an automated shut off valve should close the supply as close to the source as possible to secure
CO2 entering the room.

Carbon dioxide cylinder filling

Contamination of carbon dioxide cylinders with moisture is hazardous as it causes corrosion
which in turn can cause cylinders to fail, sometimes violently.

Carbon dioxide is filled in liquid form under pressure in the cylinders. It is hazardous to overfill
cylinders. Increasing temperature in overfilled cylinders quickly leads to significant increase in
pressure.

Most carbon dioxide cylinders are fitted with valves with built-in burst discs. Make sure you know
how to identify those valves and understand what to do in case a burst disc blows out. Leave
the area and follow emergency instructions.

Each cylinder shall bear a readable tare weight, which has to be respected in the filling process.
Total weight = tare weight of cylinder/valve + weight of filled carbon dioxide).

Cylinders shall be completely and safely emptied prior to tare weight check. If the difference
between stamped tare weight and actual weight is greater than that defined in ISO 18119, the
cylinder shall be inspected.

The quantity of carbon dioxide in a cylinder can only be measured by weight and not by
pressure.

Weighing scales used to fill carbon dioxide cylinders shall be certified by a third party and
frequently checked using test weights.
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¢ You must know how to stop the cylinder filling process in case of an emergency.
¢ When not connected to the filling rack, cylinders shall be capped and secured.

e Before de-valving cylinders, vent slowly and weigh the cylinder to make sure that no liquid is
left.

3.2 Dry ice manufacturing, storage and handling

e A dry ice production press is hazardous: high pressure and low temperature liquid carbon
dioxide feed, high speed moving mechanical parts, hydraulic flexible hoses at very high
pressure...

e Wear your personal protective equipment as required, for example hard hat, glasses, gloves
and shoes.

e The ground around a hydraulic press could be oily and slippery. QOil leaks shall be contained in
order to avoid pollution of soil and water (surface and underground). You must know the local
waste management procedure.

e Report oil leaks so that maintenance can be performed to repair the leak.

¢ Moving and cutting tools (press, saw, packaging machine) are fitted with protective devices to
avoid hand injuries, make sure that these protections work properly and do not by-pass them!

e Dryiceis cold (about —78°C) you must wear adequate safety gloves to handle it.

e Dry ice sublimates into carbon dioxide vapour, this can lead to asphyxiation in confined spaces
such as in small closed workshops, sawing and packaging section, storage containers and
closed transport vehicles or storage area. Carbon dioxide concentrations shall be monitored in
case of marginal ventilation (less than 6 room volumes per hour). Make sure that you know how
to check that atmosphere monitoring devices operate properly.

e When storing dry ice products in transport containers, do not put your head inside the container.

3.3 Procedures

o Refer to and learn the site standard operating and maintenance procedures. When you do not
know, ask questions and do not take chances.
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Appendix 1 — CARBON DIOXIDE - Test Questions

Tick the correct answer (s) or write in the blank spaces as requested.

1. The most important safety characteristic of carbon dioxide is that it is:
A. Flammable C. Oxidising agent
B. Concentration must be kept below D. Asphyxiating
5000 ppm
2. Which of the following risks can be caused when using and transporting Dry Ice?
A. Chemieal-asphyxiation C. Fire
B. Cryogenic burns D. Oxygen deficiency
3. Carbon dioxide is heavier than air.
A. True B. False
4, Which of the following items are the two main hazards when transferring liquid carbon dioxide
A. Spillage-of productRelease of product C. Fire
C. Whipping hoses D. Toxicity
5. Tick the correct statements

A. Filling process must be controlled by weight
B. Carbon dioxide gas can cause ehemical asphyxiation
C. The filling of carbon dioxide is controlled by a pressure gauge

D. Carbon dioxide could be filled in any compressed gas cylinder

6. Tick the two main safety hazards of ammonia.
A. Toxic D. Corrosive
B. Oxidising E Toxicity
C. Inert F. Heavier than air
7. Storage tanks are often equipped with a low pressure alarm set not below 8 bar, to prevent
the production of dry ice
A. True B. False
8. Tick the correct statements

A. Cylinders must be emptied prior to tare weight
B. In cylinders product is in phase liquid and gas
C. Concentrations over 3% carbon dioxide in air affects breathing

D. When filling carbon dioxide there is a risk of fire
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Appendix 2 — CARBON DIOXIDE - Test Answers

Band D
A, Band D
A

AandC
Aand B
Aand D
A
A,Band C
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