
EHS: COMPRESSED GAS SAFETY

1. Compressed Gas Safety_MB + MSH Comments

1.1 Compressed Gas Safety Training
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Notes:

Clip #1

Hello! Welcome Compressed Gas Safety Training. Here you will learn how to safely use and handle compressed gases. 
1.2 Objectives
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Notes:

Clip #2

In this training, you will learn about the risk of compressed gases that could be present in the workplace, safe and proper labeling and handling of compressed gas cylinders and Dewars, storage and use of compressed gas cylinders, personal protective equipment or PPE required, and emergency procedures. 
1.3 Compressed Gas Definition
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Notes:

Clip #3

A compressed gas is gas or mixture of gases in a container such as a cylinder at an absolute pressure in excess of 40 psi at 70° F or in excess of 104 psi at 130°F. A compressed gas can also be a liquid having a vapor pressure exceeding 40 psi at 100°F. 

Some examples of compressed gases include argon, carbon dioxide, acetylene, helium, hydrogen chlorine, oxygen, nitrogen and hydrogen. 
1.4 Compressed Gases in the Workplace
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Notes:

Clip 4: There are a wide variety of compressed gases that may be present on site. Compressed gases can be categorized by the following hazard classes: corrosive gases, flammable gases, inert gases, pyrophoric gases, toxic gases and oxidizing gases. As you can see, some gases, such as chlorine, can fit into multiple hazard classes. Before using any compressed gas in your job tasks, make sure you are familiar with the properties of the gas and hazards involved with its use. 

Clip 4.1: Corrosive gases can burn and destroy body tissues on contact and attack or corrode materials such as metals. Examples include: ammonia, hydrogen chloride and chlorine. 

Clip 4.2: Flammable gases may be ignited when mixed with air in certain concentrations in the presence of an ignition source. Flammable gases include: methane, hydrogen and acetylene. 

Clip 4.3: Inert gases are non-reactive, non-flammable and non-corrosive. Inert gases may displace oxygen and cause asphyxiation if the oxygen in the breathing air drops below 19.5 percent. Examples of inert gases include: helium, argon and nitrogen. 

Clip 4.4: Pyrophoric gases are gases with an auto-ignition temperature in air at or below 130° F or 54.4° C that may undergo spontaneous combustion, without the need for external ignition. Examples include: silane, arsine, disilane, dichlorosilane, diborane and phosphine. 

Clip 4.5: Toxic gases are health hazards that can cause serious injury or death. Examples include: chlorine, boron trichloride, arsine, dichlorosilane and phosphine. 

Clip 4.6: Oxidizing gases can contribute to combustion by acting as an oxygen source or oxidizing agent. Examples of oxidizing gases include: nitrous oxide (also known as laughing gas), oxygen and compressed air. 

Clip 4.7: You should always refer to the Safety Data Sheet or SDS to find the properties and critical safety information about chemicals including compressed gases before working with them. The link to the Safety Data Sheet can be found on the EHS Wiki or site safety @ page.

Clip 4.8: Let’s take a closer look at some hazardous compressed gases that you may find in your work environment. 
Corrosive Gases (Slide Layer)
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Flammable Gases (Slide Layer)
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Inert Gases (Slide Layer)
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Pyrophoric Gases (Slide Layer)

[image: image8.jpg]Pyrophoric Gases

*Auto-gnite and
spontaneously
combust

«Silane (5H,)

«Dichlorosiane
(HCL50)

«Diborane (8,H)

«Phosphine (PH,)





Toxic Gases (Slide Layer)
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Oxidizing Gases (Slide Layer)
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1.5 Chlorine (Cl2)
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Notes:

Clip 5:

Chlorine gas is a strong oxidizer. It is also extremely toxic and corrosive. Chlorine gas can burn tissue on contact and if inhaled it can turn to hydrochloric acid in the lungs. Be aware of the acute exposure symptoms so you can recognize if you have been exposed during a leak. Symptoms include respiratory tract burns, skin burns, eye burns, respiratory system effects, central nervous system effects, nausea, headaches or dizziness. 

Chlorine has a vapor density that is heavier than air, so if a leak were to occur the gas would accumulate in greater concentrations at the floor level. 
1.6 Boron Trichloride (BCl3)
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Notes:

Clip 6:

Boron trichloride is highly corrosive and toxic by inhalation. Like chlorine, boron trichloride has a vapor density heavier than air. In the presence of moisture, boron trichloride can form hydrochloric acid and boric acid. 

Be aware of the acute exposure symptoms so you can recognize if you have been exposed during a leak. Symptoms include respiratory tract, skin and eye burns, respiratory system effects, hoarseness of voice, bleeding of nose and gums, pain, irritation, redness and blistering.

1.7 Silane (SiH4)
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Notes:

Clip 7:

Silane is extremely flammable and pyrophoric. It can ignite spontaneously with air. Like chlorine and boron trichloride, silane has a vapor pressure heavier than air and will settle at the floor level. Silane is a colorless gas with a repulsive odor.

While silane gas is harmful if inhaled, the primary hazard is burns from flames created by the silane gas igniting. Acute exposure symptoms also include skin and eye irritation. 

1.8 Ammonia (NH3)
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Notes:

Clip 8:

Ammonia is a colorless, alkaline and very corrosive gas with a sharp irritating odor that has a vapor density lighter than air.

Ammonia is extremely corrosive and harmful if inhaled. Symptoms of acute exposure include severe respiratory tract, skin and eye burns, respiratory system effects, pain, irritation, redness and blistering.
1.9 Hydrogen (HCl)
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Notes:

Clip 9:

Hydrogen is extremely flammable; if hydrogen catches on fire, the flame will be pale blue and is almost invisible. Hydrogen’s vapor density is much lighter than air and the gas will rise if there is a leak. The gas is odorless and colorless. 

Like Silane, the primary hazard of Hydrogen is from burns when the gas is ignited. When airborne in high concentrations, hydrogen acts like a simple asphyxiant and displaces oxygen, which can lead to suffocation and death. 
1.10 Untitled Slide
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Notes:

Clip 10:

Methane is extremely flammable and is lighter than air. Methane is colorless and odorless. Most people assume methane has a pungent odor like rotten eggs, but in fact, that odor comes from mercaptan, which is added to odorless methane as an odorant to allow the detection of gas leaks. 

Like some of the other gases we have covered, the primary hazard for methane is burns from the flames if the gas is ignited. Similar to hydrogen, methane can act as a simple asphyxiant displacing oxygen in breathing air which can lead to suffocation and death. 
1.11 Which of these gases is an inert gas?​

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Silane

	 
	B. Hydrogen

	 
	C. Methane

	X
	D. Argon


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 11: Now that we have covered what compressed gases are and the types of hazardous compressed gases, let’s check your understanding. Please answer the following questions. 

You are given 3 attempts to answer 80% of the questions correctly. 

Clip 11.1: Which of these gases is an inert gas?

Clip 11.2: That is correct. Argon is an inert gas​.  

Clip 11.3: That is incorrect, please try again. 

Clip 11.4: That is incorrect, the correct answer is D, Argon. 
Correct (Slide Layer)
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Try Again (Slide Layer)
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1.12 Which of the following compressed gases is the most flammable and pyrophoric?​

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Chlorine


	X
	B. Silane

	 
	C. Boron Trichloride

	 
	D. Ammonia


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 12: Which of the following compressed gases is the most flammable and pyrophoric?​
Clip 12.1: That is correct. Silane is extremely flammable and pyrophoric. 

Clip 12.2: That is incorrect, please try again. 

Clip 12.3: That is incorrect, the correct answer is B, Silane. 
Correct (Slide Layer)
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Incorrect (Slide Layer)

[image: image23.jpg]Which of thafallowd A feaiy " fond
pyrophori
(O Achlor| :

Incorrect.

(@ &silane You did not select the correct response.

C.Boror

Continue

() .Amm:





Try Again (Slide Layer)
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1.13 Which of these gases is lighter than air?​

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	X
	A. Hydrogen


	 
	B. Silane

	 
	C. Boron Trichloride

	 
	D. Chlorine


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 13: Which of these gases is lighter than air?​

Clip 13.1: That is correct. Hydrogen is lighter than air.  

Clip 13.2: That is incorrect, please try again. 

Clip 13.3: That is incorrect, the correct answer is A, Hydrogen. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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Try Again (Slide Layer)
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1.14 Safe Handling and Risks of Compressed Gas Cylinders/Dewars
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Notes:

Clip 14:

Now that you understand the hazards of compressed gases, you may have a better understanding of potential hazards of improperly using or handling compressed gas cylinders or Dewars. 

A gas cylinder is a high-pressure vessel used to store gases above atmospheric pressure. 

Compressed gas cylinders have the potential to explode or cause a fire if improperly used. If compressed gas cylinders leak, they can cause health or fire hazards. 

To reduce the risk of these hazards, ensure the cylinder or Dewar does not tip or fall over, does not get heated as this could cause an explosion, is not near an electrical circuit and does not have too much vibration or motion that could cause damage or cracks in the shell. 

Please click on the video.
1.15 Labeling
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Notes:

Clip 15:

Compressed Gas Cylinders must be properly labeled with name of the gas and the hazard information. 

Storage areas must be labeled with precautionary signs such as “Storage of flammable, oxidizer or toxic materials” as applicable.

Gas cabinets must be labeled as “Compressed Gas” along with the contents and hazards. 

Empty cylinders or Dewars must be labeled as “Empty” and stored separate from full cylinders or Dewars. 

Labels should not be readily removable. 
1.16 Storage of Compressed Gas Cylinders/Dewars
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Notes:

Clip 16:

Compressed Gas Cylinders/Dewars must be properly stored when not in use. 

Compressed gas containers must be separated from each other by hazard class of their contents. Do not store non-compatible gases such as flammable and oxidizers together in the same area.

Store cylinders upright and secure them with a chain, strap or cable to a stationary building support or store them in a rack, case or cylinder cart to prevent cylinders from tipping or falling. 

Ensure the cap is in place to protect the valve stem when not in use. 

Never store cylinders or Dewars with the regulator in place. If a regulator fails, the entire contents of the cylinder or Dewar and associated energy may be uncontrollably discharged. 

Never plug, remove or tamper with any pressure relief device. Under normal conditions, these containers will periodically vent the product. 

Store cylinders or Dewars only in a dry, well-ventilated area away from extreme temperatures, corrosive chemicals or fumes, combustibles or incompatible materials flames, sparks or any source of heat or ignition.

Place cylinders or Dewars in a location where they will not be subject to mechanical or physical damage, heat or electrical circuits to prevent possible explosion or fire.

Lastly, combustibles must be kept a minimum of 10 feet from compressed gas containers and systems. 

1.17 Transporting Compressed Gas Cylinders/Dewars
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Notes:

Clip 17:

Transport cylinders or Dewars in an upright position with safety caps installed. Use a cart designed specifically for moving cylinders or Dewars. 

Do not roll, drag or slide cylinders or Dewars along the floor.

Never transport cylinders or Dewars with regulators in place.

Only one cylinder or Dewar should be handled or moved at a time. 

Only ship and transport cylinders or Dewars by authorized carrier in full compliance with all Dangerous Goods transportation requirements. Never transport cylinders or Dewars in your personal vehicle. 
1.18 Personal Protective Equipment (PPE)
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Notes:

Clip 18:

Always wear proper personal protective equipment based on the safety data sheet for the specific gas when handling compressed gas cylinders or Dewars. 

Avoid Skin Contact: When handling gases that are harmful to the skin, protective gloves and/or aprons must be worn to prevent skin contact. Choose clothing made of materials that resist penetration or damage by the compressed gas based on the hazards of the gas. 

Eye and Face Protection: Workers must wear safety goggles or glasses when handling and using compressed gases. In some cases, such as use of cryogenic gases or cylinder hook ups where the risk of injury to the face exists, a face shield should be worn in addition to safety goggles or glasses.

Foot Protection: When moving cylinders or Dewars that have the potential to cause foot injuries, safety shoes must be worn.
1.19 What are the potential risks of improperly handling a compressed gas cylinder or Dewar? 

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Fire



	 
	B. Explosion

	 
	C. Exposure to hazardous chemicals

	X
	D. All of the above


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 19: Now that we have covered how to use, handle, store and transport compressed gases, lets check your understanding. Please answer the following questions. 

You are given 3 attempts to answer 80% of the questions correctly. 

Clip 19.1: What are the potential risks of improperly handling a compressed gas cylinder or Dewar? 

Clip 19.2: That is correct. Fire, explosion and exposure are risks of improperly handling compressed gas cylinders or Dewars. 

Clip 19.3: That is incorrect, please try again. 

Clip 19.4: That is incorrect, the correct answer is D, all of the above. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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1.20 What should you NOT do when storing compressed gas cylinders? 

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Secure with chain or strap


	 
	B. Separate cylinders from each other based on hazard class of the contents

	X
	C. Keep regulators in place

	 
	D. Ensure caps are in place


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 20: What should you NOT do when storing compressed gas cylinders?

Clip 20.1: That is correct. Do not store with regulators in place. 

Clip 20.2: That is incorrect, please try again. 

Clip 20.3: That is incorrect, the correct answer is C. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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Try Again (Slide Layer)
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1.21 What must be on each compressed gas cylinder or Dewar? ​

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Certain color for the type of gas


	X
	B. Label with gas content and hazard information  

	 
	C. Instructions for how to handle

	 
	D. Label with company/vendor address


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 21: What must be on each compressed gas cylinder or Dewar? 

Clip 21.1: That is correct. There must be a label with the gas content and hazard information. 

Clip 21.2: That is incorrect, please try again. 

Clip 21.3: That is incorrect, the correct answer is B, label with gas content and hazard information. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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1.22 What should you NOT do when transporting compressed gas cylinders or Dewars? 

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Roll​, drag or slide cylinders


	 
	B. Transport with regulators in place

	 
	C. Transport cylinders in a personal vehicle

	X
	D. All of the above


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 22: What should you NOT do when transporting compressed gas cylinders or Dewars? 

Clip 22.1: That is correct. You should not roll​, drag or slide cylinders, transport cylinders with regulators in place, transport cylinders in a personal vehicle. 

Clip 22.2: That is incorrect, please try again. 

Clip 22.3: That is incorrect, the correct answer is D, all of the above. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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1.23 Engineering Controls for Compressed Gases
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Notes:

Clip 23:

Hazardous gases in cleanrooms are typically installed in controlled gas cabinets that are specifically designed for this purpose. Only qualified staff are allowed to change out the cylinders. Gas cabinets have leak detection systems that are continuously monitored. It displays both visual and audible alarms, and immediately shuts off the flow of the gas if a leak is detected. Leaks from gas cabinets are vented out of the building. 
1.24 Emergency Response
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Notes:

Clip 24:

If you suspect a leak, notify security and the lab manager IMMEDIATELY. If the leak detection system has activated, promptly evacuate the area and inform others to leave the area. Once the area has been evacuated, notify security.
1.25 Untitled Slide

[image: image52.jpg]Hazardous gases with physical and chemical hazards are used and
stored in our work areas. Ensure to use proper handling, storage and
transport of compressed gas cylinders.

Hazardous gases in cleanrooms are typically installed in specially-
designed gas cabinets with controls to mitigate hazards and leaks.

Al gas change-outs and system maintenance will ONLY be done by a

qualified personnel.

Gas cabinets have leak detection systems that include both visual
displays and audible alarms. f a leakis suspected or an alarm sounds
~ leave the cleanroom immediately.

Overall- be familiar with the SDS, follow the SOP and wear PPE when
‘working with compressed gases.





Notes:

Clip 25:

In summary, ensure to use proper handling, storage and transport of compressed gas cylinders. You have now been informed of the hazards associated with compressed gases and the engineering and administrative controls in place to reduce the hazards. Hazardous compressed gases in cleanrooms typically are installed in specially-designed gas cabinets with controls to mitigate hazards and leaks. These cabinets have leak detection systems that include both visual and audible alarms. If a leak is suspected or an alarm sounds, leave the cleanroom immediately. 

As a final takeaway, please familiarize yourself with the safety data sheets for each of the compressed gases that you work with or are in your work area. Being familiar with the physical characteristics of the gases will help you be prepared in the event of an emergency. Be sure to follow standard operating procedures, wear PPE, and follow strict safety practices when working with or nearby compressed gases.
1.26 Who is permitted to change inert gas cylinders in the gas cabinet?​

 (Multiple Choice, 10 points, 3 attempts permitted)
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	Correct
	Choice

	 
	A. Anyone, because it is inert​


	X
	B. Qualified personnel

	 
	C. Lab managers

	 
	D. Users in the lab


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 26: Now that we have covered engineering controls, gas alarms and emergency response. Please answer the following questions. 

You are given 3 attempts to answer 80% of the questions correctly. 

Who is permitted to change inert gas cylinders in the gas cabinet?​

Clip 26.1: That is correct. Only qualified personnel are permitted to change ANY gas cylinder, regardless of hazard class. 

Clip 26.2: That is incorrect, please try again. 

Clip 26.3: That is incorrect, the correct answer is B, Qualified personnel. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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Try Again (Slide Layer)
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1.27 What should you do if the leak detection system has been activated? ​

 (Multiple Choice, 10 points, 3 attempts permitted)

[image: image57.jpg]What should you do if the leak detection system has been activated?
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	Correct
	Choice

	 
	A. Keep working and wait for security to arrive.


	 
	B. Notify security to come to the lab and keep working. 

	X
	C. Stop what you are doing and evacuate. 

	 
	D. Notify EHS and your manager and keep working.  


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

Notes:

Clip 27: What should you do if you suspect a leak? ​

Clip 27.1: That is correct. Stop what you’re doing and evacuate. 

Clip 27.2: That is incorrect, please try again. 

Clip 27.3: That is incorrect, the correct answer is C, Stop what you are doing and evacuate. 
Correct (Slide Layer)
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Incorrect (Slide Layer)
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Try Again (Slide Layer)
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1.28 Results Slide

 (Results Slide, 0 points, 1 attempt permitted)
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	Results for

	1.11 Which of these gases is an inert gas?​

	1.12 Which of the following compressed gases is the most flammable and pyrophoric?​

	1.13 Which of these gases is lighter than air?​

	1.19 What are the potential risks of improperly handling a compressed gas cylinder or Dewar? 

	1.20 What should you NOT do when storing compressed gas cylinders? 

	1.21 What must be on each compressed gas cylinder or Dewar? ​

	1.22 What should you NOT do when transporting compressed gas cylinders or Dewars? 

	1.26 Who is permitted to change inert gas cylinders in the gas cabinet?​

	1.27 What should you do if the leak detection system has been activated? ​


	Result slide properties
	

	Passing

Score
	80%


Success (Slide Layer)

[image: image62.jpg]Results

5¢Resuits ScorePercentaés (%Results ScorePoints

Your Score: S points]
PaSSing SCOre: :j:ts;\urussr’ercem%% (%Results.PassPoints%.

Result:

/  Congratulations, you passed.





Failure (Slide Layer)
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1.29 Thank you!
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Notes:

Clip 29:

Thank you for taking this training on Compressed Gas Safety. If you have any questions regarding the material provided in this training, reach out to EHS for additional details. 
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