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1. Scope

0

The Compressed Gas Safety Program, specifies minimum requirements for safe storage, use, and
handling of compressed gases at King Abdullah University of Science and Technology (KAUST) to
protect all personnel from potential physical and chemical hazards associated with using
compressed gases at KAUST. This program applies to all KAUST properties and research spaces.

2. Introduction

Compressed gases are commonly used for a number of different operations. While compressed

gases are very useful, they have the potential for creating hazardous working environments for

these reasons:

e Gascylinders may contain gases that are flammable, toxic, corrosive, asphyxiants, or oxidizers.
e Unsecured cylinders can be easily knocked over, causing serious injury and damage. The
impact can shear the valve from an uncapped cylinder, causing a catastrophic release of

pressure leading to personal injury and extensive damage.

e Mechanical failure of the cylinder, cylinder valve, or regulator can result in rapid release of
the pressurized contents of the cylinder into the atmosphere; leading to explosion, fire,

runaway reactions, or burst reaction vessels.

This program contains important information regarding the safe use of all types of compressed

gases, liquefied gases and cryogenic gases at KAUST. It covers operational as well as engineering

measures to ensure safety. The engineering requirements should also serve as a design basis for

new construction and renovations.

The required safety measures mainly depend on the hazard classification of the gases. For gases

that have multiple hazard properties, such as carbon monoxide, which is toxic and flammable, the

applicable requirements for both “flammable gas” and “toxic gas” must be met.

Requirements also depend on quantity, concentration, distance from incompatibles/exposures as

well as size and type of package.

Package Types

Examples

High pressured compressed gases

Hydrogen, helium, methane

Liquefied gas cylinders

Ammonia, butane, carbon dioxide, chlorine,
CFC’s, nitrous oxide, propane

Dissolved gas cylinder

Acetylene

Cryogenic liquefied gases

Liquid nitrogen, liquid argon, liquid helium

Non-refillable, single-use cylinders, lecture
bottles, propane cartridges

Wide range of gases

User-refillable cylinders

High pressure cylinders intended for refilling
and preparation of gas mixture by the user

Sub-atmospheric container

SDS cylinders for phosphine and arsine
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For gas mixtures, the hazard properties of the mixture as a whole will determine the classification —
for example, a dilute mixture of flammable gas with concentration below the Lower Explosive Limit
(LEL) in an inert gas may be considered non-flammable as a whole.

This program is jointly developed by KAUST Health, Safety and Environment (HSE) Research Safety
Team (RST), Engineering and Project Management Department (E&PM), Campus Support Toxic Gas
Monitoring (TGM) Team and laboratory stakeholders. Questions and comments regarding this
standard should be addressed to researchsafety@kaust.edu.sa.

3. Roles and Responsibilities

The section below provides an outline of various roles and responsibilities across campus:

Principal Investigator

The Principle Investigator (Pl) of a laboratory, or supervisor of an area using gases, is responsible for
compliance with this standard in the area(s) under his/her control and has primary responsibility for
gas-use in the lab.

It is responsibility of the Pl/supervisor/Director of Core Lab Facility that:
e lab and gas specific standard operating procedures are developed and implemented along
with risk assessments being conducted.
e Specific operational, equipment or gas specific training is provided.
e Adequate training (including hands-on) is provided to all users in the use and maintenance of
compressed gases.

In addition, research safety offers basic compressed gas training. Hands on training must be conducted
by the Pl/supervisor.

All compressed gas users

All personnel involved in the handling of compressed gases must be competent and comply with
relevant requirements contained in this program as well as specific procedures (e.g. SOPs) established
by the lab Pl or supervisor, lab specific safety plan and attend required trainings.

Other responsibilities of compressed gas users include but are not limited to:
e Understand the hazards while working with compressed gases.

e Wear appropriate personal protective equipment.

e Notify their supervisor of any injury directly related to a compressed gas cylinder.

o Inform their supervisor of a leaky, rusted, cracked or corroded cylinder or piping system if
discovered.

e Notify their supervisor of any damage to or missing labels on cylinders.

Research Safety Team

The Research Safety Team (RST) is responsible for monitoring compliance through regular inspection
and audits. Serious cases of non-compliance and violations may result in disciplinary actions,
suspension of operation, and removal of the hazardous material concerned.

The RST is also responsible for conducting hazard evaluations and providing technical advice on the
safe handling of hazardous gases.
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Other responsibilities of RST includes:
e Approval for purchase of toxic, highly toxic, and pyrophoric gases.
e Provides general training of compressed gas safety training to lab users.
e Approval for toxic and flammable gas use requirements and controls.
e Review lab design projects prepared by Engineering and Project Management and provide
comments to the design.
e Assists, advises, and instructs lab users in hazard evaluations to determine appropriate
controls
Contact researchsafety@kaust.edu.sa for any questions.

Fire Loss Prevention

Fire Loss Prevention (FLP), are the authority having jurisdiction for all matters pertaining to fire and
life safety within KAUST. FLP provides formal interpretation and application of the applicable codes
and standards. Contact FireLoss.Prevention@kaust.edu.sa for any questions.

Fire Department

Fire Department primary role is to respond to and take command of all incidents requiring an
emergency attendance. Fire department respond to high level gas alarms coming from the TGM
systems and reports from 911.Contact fire.captain@kaust.edu.sa for any questions.

Procurement department / Planning and operations team

The department in KAUST in charge of the procurement of compressed gases and manages gas
supplier contracts for all compressed or liquefied gases. Contact Procurement.research@kaust.edu.sa
for any questions.

Procurement Department / Chemical Warehouse
Specialized facilities within KAUST to receive compressed gases from the supplier and capable to stock
inert gases. Contact WHSOrder@kaust.edu.sa or call (0)12-808-5664 for any questions.

Procurement Department / Site Services
The team responsible for delivering compressed gases to the laboratories and collecting empty gas
cylinders from the labs. Contact WHSOrder@kaust.edu.sa or call (0)12-808-5664 for any questions.

Engineering and Project Management

The KAUST group responsible for coordinating the design and commissioning of new laboratories and
modification to existing lab spaces. Assists in the selection, installation, and startup of maintainable
and reliable safety systems that support gas use operations. Contact Facilities Management Projects
at: cs.ejr@KAUST.EDU.SA

Campus Support Department / Maintenance Team

Department responsible for maintaining gas systems and repairs to gas system components (gas
manifolds, gas distribution systems, gas cabinets).

Contact fchelpdesk@kaust.edu.sa for any questions.

Campus Support Department / TGM Team

The Toxic Gas Monitoring (TGM) Team provides maintenance and calibration to fixed gas detectors
and automation controls. They are also responsible for preventive and corrective maintenance to gas
monitoring systems.

Contact numbers: TGM 1 - 0545860225
TGM 2 — 0545863960
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4. Compressed Gas Cylinder General Requirements

Compressed gas cylinders used for a variety of purposes on campus have the potential to create
hazardous conditions for employees, students, and damage to facilities. The purpose of this
section is to inform users of general requirements for storage, labeling, handling, use, and
transportation of compressed gas cylinders at KAUST.

Storage
The following storage requirements apply to all gas cylinders:

Gas cylinders shall not be stored in exits or dedicated exit passageways, exit stairways or
other dedicated exit routes.

Gas cylinders shall only be stored or used in approved locations.

Always store gas cylinders in well-ventilated areas.

Do not store gas cylinders in damp areas, near salt or corrosive chemicals, vapors, heat,
or directly exposed to the weather.

Always store gas cylinders in an upright condition and properly secured. They must be
secured to a wall, table or lab bench using an appropriate chain or strap holder as
purchased from a laboratory equipment supplier or custom made by the machine shop.
The use of rope or cable-ties to secure cylinders is not permitted.

Secure gas cylinders with a chain or appropriate belt above the midpoint, but below the
shoulder of the cylinder. Laboratory cylinders less than 45 cm (18 inches) tall may be
secured by approved stands or wall brackets.

Cylinders must be capped when not in use.

Oxidizing gases must be stored at least 6.1 meters (20 feet) away from flammable gases,
or the storage areas must be separated by a barrier of non-combustible construction that
interrupts the line of sight between the containers with a fire resistance rating of at least
30 minutes. This applies to other incompatible gases as well. Example, Ammonia (basic)
and Hydrogen Chloride (acidic) are incompatible.

Keep cylinders away from locations where they might form part of an electrical circuit,
such as next to electric power panels or electric wiring.

Cylinders should be stored such that cylinders are used in the order in which they are
received.

Do not store cylinders for longer than one year without use.

Keep full cylinders separated from empty cylinders and properly labeled with a tag
indicating: Full / In Use / Empty.

Tag available from chemical warehouse: SAP Code number
3000011743
EMPTY
IN USE
FULL

Cylinders of all gases having a health hazard rating of 3 or 4 (by NFPA 704) or have a LCs
< 4999 ppm (1hr) must be kept in a continuously mechanically ventilated hood or other
continuously mechanically ventilated enclosure.
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Methods of Securing Gas Cylinders
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Labelling

The following labeling requirements shall apply to all gas cylinders:

All gases shall be clearly labeled with the contents of the cylinder. Compressed gas
cylinders that do not clearly identify its contents by name should not be accepted for use
and returned to the supplier.

Use only the vendor label for positive identification of contents of the cylinder. Be aware
that color coding may be inconsistent from vendor to vendor.

Labels shall be readable at all times while in service and content confirmed before using
a cylinder.

Empty cylinders shall be labeled with the word “empty” or identified by using the cylinder
status tag.

If the labeling on the gas cylinder becomes unclear or defaced so that the contents cannot
be identified, the cylinder should be marked “contents unknown” and the manufacturer
must be contacted regarding appropriate procedures for removal.

Transportation
The following requirements shall apply to the transport of gas cylinders:

Do not move compressed gas cylinders by carrying, rolling, sliding, or dragging them
across the floor.

Transport cylinders with a hand truck designed for the transport of cylinders. Secure the
cylinder to the hand truck with a chain or strap.

Cylinder caps shall be secured during transport. Never transport a cylinder while a
regulator is attached.

Leave the valve protection cap on until the cylinder is secured against a wall or bench or
placed in a cylinder stand, and is ready for use.

Prevent damage to cylinders - locate cylinders where they will be protected from
physical damage by striking or falling objects, corrosion, or damage from public
tampering.

Do not transport oxygen and combustible gases at the same time.
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Connections

Threads on cylinder-valve outlet connections have been standardized by the Compressed Gas
Association (CGA) and are not the same on all cylinders. This prevents accidental mixing of
incompatible gases from an interchange of connections. Left hand fittings for flammable and
some oxidizing gases (some oxidizing gases use left hand thread, some do not) have a cut mark
(notch) through the nut. Regardless, the notch indicates left hand thread.

Left Hand Thread Right Hand Thread

Never lubricate, modify, force, or tamper with cylinder valves. Especially do not put oil or grease
on the high-pressure side of a cylinder containing oxygen, chlorine, or any oxidizing gas. An auto
ignition or explosion could result. Unlike larger cylinders, non-refillable lecture bottles have
identical valve threads, irrespective of the gas contained within. Refillable lecture bottles use
standard regulator fittings.

Manifolds, Valves, and Regulators
The following information applies to the use of manifolds, valves and/or regulators:

e Where compressed gas containers are connected to a manifold, the manifold and its
related equipment, such as regulators, shall be of proper design for the product(s) they
are to contain at the appropriate temperatures, pressures, and flows.

e Use only approved valves, regulators, manifolds, piping and other associated equipment
in any system that requires compressed gas. Care must be taken to ensure that pressure
gauges on regulators are correct for the pressure of the gas cylinder used. With the
exception of lecture bottles, threads, configurations and valve outlets are different for
each class of gases to prevent mixing of incompatible gases.

e All gas piping must be compatible with the gases used, a good source of information is
the materials compatibility guide from Matheson Gas Company.

e Valves and regulators should undergo periodic maintenance and repair. A visual
inspection should be performed before each usage to detect any damage, cracks,
corrosion or other defects. Long term maintenance or replacement periods vary with the
types of gases used, the length of use, and conditions of usage. Consult the cylinder,
regulator or gas supplier for recommended valve and regulator maintenance schedules.

e Valves and regulator maintenance histories should be known before usage. Valves that
pass visual inspection are still subject to failure, therefore it is critical that toxic or
poisonous gases are used only in ventilated enclosures and have local exhaust ventilation
in place for downstream pressure relief valves, etc.

e Valves and regulators should only be repaired by qualified individuals. Valve and regulator
manufacturers, gas supply companies, or valve and regulator specialty shops should be
consulted for any repair needs.
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Pressure Reducing Regulator

Regulators are gas-specific which limits interchange and adds safety. Special installation processes,
not mentioned here, are used for toxic or high purity gases. Always make sure that the regulator and
valve fittings are compatible.

To select the appropriate regulator:

1. Determine the gas pressure needed.

Determine the maximum pressure the system might require.

3. Select a delivery pressure range so the required pressures are in the 25%-90% range of the
regulator delivery pressure.

4. Check with the gas supplier about compatible connections and regulators.

N

Examples of different types of regulator fittings:

Notice difference between female
and male regulator fittings

4

Notches on flats indicate left
hand thread

‘

| C6A320 | [CGAseo | -CUA 80 {cGA 296 lcGa s10 LCGA 346

—

(

Note the difference between the male and female regulators. Also note the different types of
material for different types of gas. Notched flats mean a left hand thread. Used for flammable and

some oxidizing gases.
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The correct procedure for installing a regulator onto a cylinder is as follows:

1.

Make sure the threads on both the regulator and the cylinder valve are clean and in good
condition.
Do NOT use adaptors or Teflon tape to attach regulators to gas cylinders. Do NOT use oil or
lubricants on connections.
Holding the regulator upright, horizontally insert the regulator into the cylinder head,
connect it to the cylinder valve by closing the thread finger-tight. The thread should move
very easily, if it does not it is either damaged or you are not holding it at right angle, i.e. you
are damaging it as you try to force it in. Using a wrench, tighten the connection with a
maximum of one turn. Never use excessive force to tighten the connection.
Always stand to the side when opening valves as the gauge may shatter.
Close all valves and then carefully open only the cylinder valve control a small amount. The
cylinder valve does NOT need to be fully open. Cylinder pressure gauge should move and
indicate the internal pressure of the cylinder.
Leak check your connection using either commercially available Snoop® mixture or other
suitable means.
To use the cylinder:

a. Ensure the pressure adjustment knob is closed.

b. Slowly open the pressure adjustment knob to the desired pressure.

c. To shut off the gas:

i. Close the cylinder valve.
ii. Open the pressure adjustment knob to relieve the pressure.

More information regarding regulators can be found from the manufacturers, a good guide is
available from Matheson Gas Products.

Handling, Use and Good Practices
The following good practices shall be required during the handling and use of gas
cylinders:

Compressed gases shall be handled only by properly trained persons with their training
documented.

Cylinders shall not be subjected to extremely low temperatures (< -20°C) without approval
from the supplier.

Cylinders shall not be used for any purposes other than as originally intended.
Damaged or leaking cylinders must be reported to 911 (landline) or 012-808-0911 (cell
phone) immediately.

When using more than one gas, be sure to install one-way flow valves (check valves)
from each cylinder to prevent mixing, otherwise accidental mixing can cause
contamination of acylinder.

Close valves on gas cylinders when a system is not in use.

Shut-off valves must not be installed between pressure relief devices and the
equipment they are to protect.

Use pressure relief valves in downstream lines to prevent high pressure buildup in the
event that a regulator valve does not seat properly and a tank valve is left on.

Relief valves should be vented to prevent potential buildup of explosive or toxic gases.
Never allow flames or concentrated heat sources to come in contact with a gas cylinder.
Pressurize regulators slowly and ensure that valve outlets and regulators are pointed
away from all personnel when cylinder valves are opened.

Cylinders which require a wrench to open the cylinder valve shall have the wrench left
in place on the cylinder valve while it is open. Use adequately sized wrenches to
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minimize ergonomic stress when turning tight cylinder valves. Never apply excessive
force when trying to open valves. Cylinders with “stuck” valves should be returned to
suppliers to have valves repaired.

e Do not attempt to open a corroded valve; it may be impossible to reseal.

e Valves should only be opened to the point where gas can flow into the system at the
necessary pressure. This will allow for quicker shutoff in the event of a failure or
emergency.

e Use a cylinder cap hook to loosen tight cylinder caps. Never apply excessive force or pry
off caps. Return the cylinder to the supplier to remove “stuck” caps.

e Release pressure from systems before connections are tightened or loosened and before
any repairs.

e Never use adapters or exchange fittings between tanks and regulators.

e After an experiment is completed, turn the cylinder valve off first, and then allow gas to
bleed from the regulator. When both gauges read “zero”, remove the regulator and
replace the protective cap on the cylinder head.

e Do notallow a cylinder to become completely empty. Leave at least 25 psi of residual gas
to avoid contamination of the cylinder by reverse flow.

o When the cylinder is empty, mark it as “Empty”, and store empty cylinders separate from
full cylinders.

Lecture Bottles
Lecture bottles are smaller compressed gas cylinders that usually have an internal volume of 0.4

liters and can contain ~50 liters of a desired gas. There are two types of lecture bottles: refillable and
non-refillable. The refillable type of lecture bottles can be distinguished by their ability to use
standard regulators that are used for full sized cylinders. The non-refillable lecture bottles can be
distinguished by their use of smaller regulators (CGA-170/180). See the picture below to identify the
differences. Non-refillable lecture bottles are highly discouraged due to their high disposal cost so if
possible avoid their use unless only a small amount of gas is needed. The refillable lecture bottles
can be incredibly useful especially for very specialized gases that are needed in small quantities such
as tritium (3H) or carbon-13 carbon monoxide (*3*CO).

Notice lecture bottle on left uses CGA-170/180 regulators (disposable lecture bottles use small
inlets). Lecture bottle on right uses standard regulators (larger inlet indicates refillable lecture
bottle).

See Appendix 6 for more information on lecture bottles.
Version 2.0 June 2018 12
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5. Classification of Compressed Gases

The required safety measures for use of compressed gases will mainly depend on the hazard
classification of the materials. Gases can be classified (according to Globally Harmonized System -
GHS) into Flammable, Toxic, Corrosive, and Oxidizing. Inert refers to gases that do not react under
normal conditions. Inert is not a hazard class under the GHS system. However, inert does not equal
non-hazardous. Inert gases can pose an asphyxiation hazard under the right conditions (i.e. confined
spaces). For gases that have multiple hazard properties, such as carbon monoxide, which is toxic and
flammable, the applicable requirements for both “flammable gas” and “toxic gas” need be met. For

gas mixtures, the hazard properties of the mixture as a whole will determine the classification — for
example, a dilute mixture of flammable gas in an inert gas may be considered non-flammable as a

whole.

Toxic Gases

In many jurisdictions/universities, toxic gases are classified based on their acute toxicity measured as

median lethal concentration (LCso). KAUST adopts the current classification scheme detailed in the

Toxic Gas Ordinance (TGO) into four categories: Class |, Class Il, Class Il and NR (not rated), with

Class | being the most hazardous. The classification of commonly used gases can be found in

Appendix 3.
Table 1. List of Toxic gases and their TGO Class
Chemical Name CAS Number | Toxic (LCsg) gﬁxsos Clljai‘lsl;tf Id(},z) %:%gj Itlo DiFLuai%tg, /()'\;Ot
Ammonia 7664-41-7 4000 1 80.00
Antimony pentafluoride 7783-70-2 30 I 14.9 1.0 0.60
Arsenic pentafluoride 7784-36-3 178 I 88.6 5.9 3.56
Arsenic trifluoride 7784-35-2 178 I 88.6 5.9 3.56
Arsine 7784-42-1 20 | 10.0 0.7 0.40
Boron trichloride 10294-34-5 2541 hn 84.7 50.82
Boron trifluoride 7637-07-2 864 I 28.8 17.28
Bromine chloride 13863-41-7 290 I 9.7 5.80
Bromomethane 74-83-9 850 I 28.3 17.00
Carbon monoxide 630-08-0 3760 n 75.20
Carbony! fluoride 353-50-4 360 I 12.0 7.20
Carbonyl sulfide 463-58-1 1700 I 56.7 34.00
Chlorine 7782-50-5 293 I 9.8 5.86
Chlorine pentafluoride 13637-63-3 122 I 60.7 41 2.44
Chlorine trifluoride 7790-91-2 299 I 10.0 5.98
Chlorotrifluoroethylene 79-38-9 2000 I 66.67 40.00
Cyanogen chloride 460-19-5 350 I 11.67 7.00
Cyanogen chloride 506-77-4 80 I 39.8 2.67 1.60
Deuterium chloride 5-7-7698 3120 n 62.40
Deuterium selenide 13536-95-3 51 I 25.4 170 1.02
Deuterium sulfide 13536-94-2 710 In 23.67 14.20
Diazomethane 334-88-3 1 I 0.5 0.03 0.02
Diborane 19287-45-7 80 I 39.8 267 1.60
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Dichlorosilane 4109-96-0 314 I 10.47 6.28
Diethyl zinc 557-20-0 10 I 5.0 0.33 0.20
Diphosgene 503-38-8 2 I 1.0 0.07 0.04
Ethylene oxide 75-21-8 2900 I 96.67 58.00
Fluorine 7782-41-4 185 ' 92.0 6.17 3.70
Germane 7782-65-2 620 I 20.67 12.40
Hexachloro-1,3-butadiene 87-68-3 370 I 12.33 7.40
Hexafluoroacetone 684-16-2 470 I 15.67 9.40
Hexafluoro-2-butyne 692-50-2 Not Available

Hydrogen bromide 10035-10-6 2860 I 95.33 57.20
Hydrogen chloride 7647-01-0 2810 I 93.67 56.20
Hydrogen cyanide 74-90-8 140 I 69.7 4.67 2.80
Hydrogen fluoride 7664-39-3 1307 I 43.57 26.14
Hydrogen iodide 10034-85-2 2860 I 95.33 57.20
Hydrogen selenide 7783-07-5 o1 I 25.4 1.70 1.02
Hydrogen sulfide 7783-06-4 712 I 23.73 14.24
Hydrogen telluride 07783-09-7 o1 I 25.4 1.70 1.02
Methanethiol 74-93-1 1350 I 45.00 27.00
Methyl bromide 74-83-9 850 I 28.33 17.00
Methyl chlorosilane 993-00-0 600 I 20.00 12.00
Methyl isocyanate 624-83-9 3 | 15 0.10 0.06
Nickel tetracarbonyl 13463-39-3 20 I 100 0.67 0.40
Nitric oxide 10102-43-9 115 I 57.2 3.83 2.30
Nitrogen dioxide 10102-44-0 115 I 57.2 3.83 2.30
Nitrogen trioxide 10544-73-7 57 I 284 1.90 114
Nitrosyl chloride 2696-92-6 35 I 174 117 0.70
Oxygen difluoride 7783-41-7 2.6 I 13 0.09 0.05
Ozone 10028-15-6 9 ' 4.5 0.30 0.8
Phosgene 75-44-5 5 I 25 0.17 0.10
Phosphine 7803-51-2 20 I 10.0 0.67 0.40
Phosphorous pentafluoride 7647-19-0 261 I 8.70 5.22
Phosphorous trifluoride 7783-55-3 436 L 14.53 8.72
Selenium hexafluoride 7783-79-1 50 I 24.9 167 1.00
Silicon tetrafluoride 7783-61-1 922 I 30.73 18.44
Stibene 7803-52-3 178 | 88.6 5.93 3.56
Sulfur dioxide 7446-09-5 2520 I 84.00 50.40
Sulfur pentafluoride 5714-22-7 1 I 0.5 0.03 0.02
Sulfur tetrafluoride 7783-60-0 40 ' 19.9 133 0.80
Sulfuryl fluoride 2699-79-8 3020 m 60.40
Tellurium hexafluoride 7783-80-4 25 ' 12.4 083 0.50
Tetrafluoroethylene 116-14-3 2000 I 66.67 40.00
Trifluoroacetyl chloride 354-32-5 10 I 5.0 0.33 0.20
Tungsten hexafluoride 7783-82-6 218 I 7.27 436

LCso Values from 1SO 10298:2018(E) or manufacturers SDS
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Table 2. LCso and Classification of Gases

Median Lethal Concentration LCso (ppm)
Class | 200 or less
Class Il 201 to 2999
Class Il 3000 to 4999
NR (not rated) > 5000

Gases not Considered Toxic

Silane, nitrous oxide and sulfur hexafluoride are specifically not rated under the TGO as toxic. Some
additional gases commonly used in KAUST laboratories are also NOT considered toxic under the
TGO. In order to maintain a high degree of consistency between this program and the TGO, some
gases are not considered toxic. Examples include but are not limited to: hydrogen, oxygen, nitrogen,
helium, nitrous oxide, sulfur hexafluoride, argon, methane, propane, and ethylene to name a few.
However, although these gases are not considered toxic, they can still be hazardous. Accumulation
of excess quantities could result in explosion, asphyxiation and other dangers. See manufacturer’s
Safety Data Sheet (SDS) or Appendix 3 to identify the hazards of the compressed gas you are
working with.

Flammable Gases
According to the Globally Harmonized System (GHS) the criteria for a flammable gas is defined as:

Category Criteria
1 Gases, which at 20 °C and a standard pressure of 101.3 kPa:
(a)  areignitable when in a mixture of 13% or less by volume in air; or

(b) have a flammable range with air of at least 12 percentage points regardless of the
lower flammable limit.

2 Gases, other than those of Category 1, which, at 20 °C and a standard pressure
of 101.3 kPa, have a flammable range while mixed in air.

Refer to Appendix 3 Hazard Overview of Compressed Gases for the LEL and UEL of flammable

gases.

Pyrophoric Gases

Pyrophoric gases, such as silane, germane, phosphine, etc. can spontaneous ignite when in contact
with air at ambient temperatures. An even more serious danger is that under certain conditions, a
leak of a pyrophoric gas might not immediately ignite but instead form a super-critical-mixture
which subsequently can explode violently. The definition of pyrophoric gases is given in NFPA 45 as a
material which can ignite spontaneously in air at a temperature of 130°F (54.4°C) or below.

By the Globally Harmonized System (GHS), pyrophoric gases are classified together with flammable
gases. See Appendix 3 Hazard Overview of Compressed Gases to identify pyrophoric gases (they are
highlighted in red).
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Other Hazardous Gases

Oxidizing Gases

Oxidizing gases are defined by OSHA as a “Chemical other than a blasting agent or explosive as
defined in [29 CFR] 1910.109(a), that initiates or promotes combustion in other materials, thereby
causing fire either of itself or through the release of oxygen or other gases”. The main concern with
oxidizers is their compatibilities with other gases. See manufacturers SDS or Appendix 3 to identify
the hazards of the compressed gas you are working with.

Nitrous oxide is an oxidizing gas which has additional risk. When nitrous oxide is heated in an
enclosed container, auto-decomposition can lead to explosion. Inhalation of low concentrations of
nitrous oxide can lead to euphoria, while higher concentrations mixed with air can induce
anesthesia.

Corrosive Gases

Corrosive gases are defined by OSHA as “Corrosive materials are chemicals that cause visible
destruction of, or irreversible alterations in, living tissue by chemical action at the site of contact”.
Characteristics of which can be; low pH (acidic) or high pH (basic), may react with incompatible
materials to produce heat, gas, or fire, and may corrode or degrade materials upon storage,
especially metal. Therefore corrosive gases should not be stored for more than a year. See
manufacturers SDS or Appendix 3 to identify the hazards of the compressed gas you are working
with.

Common corrosive gases include ammonia, hydrogen chloride, chlorine, fluorine, and hydrogen
fluoride.

Water Reactive Gases

Water reactive gases are defined as substances that react with water and may release a gas that is
either corrosive, flammable, or toxic. The main concern with water-reactive materials is their
incompatibility with water vapors. See manufacturers SDS or Appendix 3 to identify the hazards of
the compressed gas you are working with.

Inert Gases
Inert gases are defined (International Union of Applied Chemistry — IUPAC Compendium of Chemical

Terminology) as “a non-reactive gas under particular conditions. For example, nitrogen at ordinary
temperatures and the noble gases (helium, argon, krypton, xenon, and radon) are unreactive toward
most species”. Inert gas refers to gases that do not react under normal conditions. However, inert
does not equal non-hazardous. Inert gases can still pose an asphyxiation hazard under the right
conditions (i.e. constricted spaces) by displacing oxygen. Degrees of asphyxia can occur when the
oxygen content of the working environment is less than 20.9% by volume. Effects from oxygen
deficiency become noticeable at levels below ~18% and sudden death may occur at ~6% oxygen
content by volume.
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Table 3. Degrees of Asphysia

KAUST

From Physics Division — Cryogenic Safety Manual (Argonne National Laboratory, 2001)

% Oxygen

Effects

17%

Night vision reduced
Increased breathing volume
Accelerated heartbeat

16%

Dizziness
Reaction time for novel tasks doubled

15%

Impaired judgement and coordination
Intermittent breathing

Rapid fatigue

Loss of muscle control

12%

Very faulty judgement

Very poor muscular coordination
Loss of consciousness
Permanent brain damage

10%

Inability to move
Nausea and Vomiting

6%

Spasmatic breathing
Convulsive movements
Death in 5-8 minutes

CGA-580 regulator fitting commonly used for many inert gases

Contact researchsafety@kaust.edu.sa for additional requirements for other hazard classes not

CGA 580

mentioned in this Compressed Gas Safety Program. See manufacturers SDS or Appendix 3 to identify
the hazards of the compressed gas you are working with.

Cryogenic liquids

Cryogenic liquids are liquefied gases with temperatures below -73°C (-100° F). Cryogenic liquids

commonly used include:

e Liquid argon

e Liquid helium
e Liquid nitrogen
e Liquid oxygen

The hazards of cryogenics liquids include: asphyxiation and burn hazards, operational hazards, fire

and explosions
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Asphyxiation and Burn Hazards
Cryogenic liquids and their boil-off vapors rapidly freeze human tissue. Contact with cryogenic
liquids results in painful cold burns. Boiling and splashing will occur when the cryogen contacts warm
objects.

Liquid helium, argon or nitrogen may displace air and create oxygen deficiency atmospheres.
Liquefied cryogenic gases have large volume expansion ratios. One liter of spilled liquid nitrogen will
evaporate into approximately 696 liters of gaseous nitrogen. Liquid nitrogen spilled in a small,
poorly ventilated room can quickly cause unconsciousness and death.

Table 4. Temperature and Volume Expansion Ratios of Liquefied Cryogenic gases

Liquefied Gas Boiling Point (°C) Volume Expansion Ratio
Oxygen (0,) -183°C 860
Argon (Ar) -186°C 847

Nitrogen (N,) -196°C 696

Hydrogen (H,) -253°C 851
Helium (He) -269°C 757

Avoid storing cryogenics in cold rooms, environmental chambers, and other areas with poor
ventilation. If necessary, install an oxygen monitor/oxygen deficiency alarm and/or toxic gas monitor
before working with these materials in confined areas.

Table 5. Separation of Portable Cryogenic Containers from Exposure Hazards
From Table 3204.3.1.2.1 International Fire Code (2009)

Exposure Minimum distance
Building exits 10 feet (3 meters)
Wall openings 1 feet (0.3 meters)
Air Intakes 10 feet (3 meters)
Lot lines 5 feet (1.5 meters)

Combustible materials such as paper, leaves,
weeds, dry grass or debris

15 feet (4.6 meters)

Other hazardous materials

In accordance with Chapter 27

Operational Hazards

Boil-off vapors can rapidly cause embrittlement of many common materials and cause them to

shatter.

Excessive ice buildup can result in the discharge of cold gas or structural damage to the cryogenic

container or its surroundings.

Fire and Explosion Hazards

Fire or explosion from oxygen condensation in operational equipment such as cold traps or storage

dewars is a serious concern.

Liquid oxygen (boiling point 183°C, 90K) has a pale blue color and will condense in a bucket of liquid
nitrogen or form on a liquid nitrogen-cooled surface. It may collect into a dangerous quantity and
lead to an explosion or fire. Similarly, argon gas will condense and liquefy at liquid nitrogen
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temperatures (see Table 4 above). If liquid nitrogen is being used as a coolant when a system is
under an argon atmosphere, the argon gas will liquefy and when brought to a higher temperature,
the argon will rapidly boil off and over pressurize a system, thereby possibly causing an explosion.

Oil or grease may ignite spontaneously and violently in the presence of high oxygen concentrations.

Many materials not usually combustible in air burn fiercely in an oxygen-enriched atmosphere.
Remove all sources of ignition in areas where oxygen enrichment is likely to occur.

General cryogenic handling guidelines

The following information applies to the use and handling of cryogenics:

e Use appropriate personal protective equipment (PPE) including insulated gloves and eye
protection (goggles and a face shield) during any transfer of cryogenic liquid.

e Shirt sleeves should be rolled down and buttoned over glove cuffs, or an equivalent
protection such as a lab coat, should be worn in order to prevent liquid from spraying or
spilling inside the gloves. Trousers without cuffs should be worn.

e Use the buddy system when filling and transporting cryogenic liquids. Never transport
cryogenic liquid using a passenger elevator.

e Vessels being filled must not be left unattended.

e Use only equipment, valves and containers designed for the intended product and service
pressure and temperature.

e Do not use or store cryogenic liquids in poorly ventilated spaces such as cold rooms.

e Transfer operations involving open cryogenic containers such as dewars must be conducted
slowly to minimize boiling and splashing of the cryogenic fluid.

e All cryogenic systems including piping must be equipped with pressure relief devices to
prevent excessive pressure build-up. Pressure reliefs must be directed to a safe location.

e The caps of liquid nitrogen dewars are designed to fit snugly to contain the liquid nitrogen,
but also allow the periodic venting that will occur to prevent an over-pressurization of the
vessel. Do not ever attempt to seal the caps of liquid nitrogen dewars.

e Do not tamper with pressure relief valves or the settings for the valves.

e Do don’t dispose cryogenics down the drain, this might cause damage to the facilities.

e Do not "walk," roll, or drag dewars across a floor. Use carts or containers with wheels and
follow the procedure Transport of Liquid Nitrogen in the Elevators in service elevators.

e Inthe event of skin contact with a cryogenic liquid, do not rub skin; place the affected part
of the body under warm (not hot) water. Never use dry heat to treat cryogenic burns. For
any accidents or injuries, and complete an accident report using the online Report it system.

e If clothing becomes soaked with cryogenic liquid, it should be removed as quickly as possible
and the affected area should be flooded with water as above. Where clothing has frozen to
the underlying skin, cold water should be poured on the area, but no attempt should be
made to remove the clothing until it is completely free.
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6. Requirements for Flammable, Pyrophoric, and Toxic
Gases

Toxic Gases

Handling and use of toxic gases in KAUST requires administrative and procedural controls as well as
engineering and design requirements. Any deviation from these requirements must be specifically
approved by researchsafety@kaust.edu.sa and E&PM on a case-by-case basis. See Table 1. List of

Toxic Gases and Their TGO Class to identify the toxic gas, the concentration and the TGO class of the

toxic gas you are using.
Table 6. Minimum Safety Requirements for Toxic Gases

Dilute to NR
Procedural and Administrative Requirements Class | Class 1l | Class I or small
Quantities

General compressed gas requirements for X X X X
storage and use
Prior approval from HSE X X X X
SOP X X X X
Leak testing — at delivery X X X X
Plugs and caps in place during transportation X X X
Written emergency response plan X X C C
Emergency drills with user participation X X C
Annual maintenance — safety tests X C C C
Restrictive flow orifices at cylinder head X C C C
Engineering and Design Requirements
All welded gas supply pipe X C
Coaxial pipe X
Alarm/Automatic shut off for:

Gas detection in cabinet X X C

Manual emergency shut-off X C

Controller power failure X C

Remote shut down at fire panel X

Exhaust ventilation failure X C C

Activation of manual fire alarm X C

Excess flow X
Local Shut Off button in area of use X X
Gas detection system at point of Use X X C
High level alarms to be relayed to Fire X X C
Department automatically (auto dialer)
Abatement system (scrubber or burn box) X X C
Mechanically ventilated gas cabinet X X
Exhausted enclosure (experiment location) X X C C
Inert gas purge system in cabinet X X
X=Required, C=Conditional, determined by Research Safety Team review

See Appendix 5 for more information on Restrictive Flow Orifices.
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Small Quantity Exemptions for Toxic Gases

Consistent with the TGO, use of small quantities of toxic gases in laboratories may be exempted
from engineering and design requirements. Use of these quantities must still fulfill administrative
and procedural controls listed in Table 6.

Table 7. Small Quantity Exemptions

Toxic Gas Classes Small Quantities
NFPA Health Hazard 4,

TGO Class |, <500g

GHS category |,

DOT Poison A

All other Toxic classes <1lkg

See Appendix 7 for information on Sub-Atmospheric Containers.

Dilute Mixture of Toxic Gases

Consistent with the TGO, classification of dilute mixtures of toxic gases are based on the LCso of the
mixture as a whole. Therefore, a dilute mixture of a toxic gas in air or in another inert gas may be
classified to a lower toxicity class or even considered not-rated (NR). It must be emphasized that
“NR” does not mean the gas or gas-mixture is harmless or “not-regulated”. For example, pure
hydrogen sulfide, having an LCso, of 712 ppm, is a Class Il toxic gas. When diluted to 23.7% and
14.2%, hydrogen sulfide becomes Class Il and NR respectively. This does not mean hydrogen
sulfide at 14.2% is harmless; it only means that, at 14.2%, the hydrogen sulfide mixture as a whole
has a toxicity (LCso) below 5000 ppm. Suitable control measures, such as keeping the work and all
potential leak points inside a fume hood, are still required to minimize personal exposures. In
general, exposure to toxic chemicals at work must be minimized as much as possible and always
below acceptable limits. For example, the permissible exposure limit (PEL) for hydrogen sulfide is 20
ppm (8 hour TWA). Contact researchsafety@kaust.edu.sa if you require additional information on

controlling chemical exposures. See Table 1. List of Toxic Gases and Their TGO Class to determine

the TGO class of the toxic gas you are using.

Flammable and Pyrophoric Gases

Requirements on flammable and pyrophoric gases are classified into four groups of materials or
situations: (1) Pyrophoric gases, (2) Flammables gases above Maximum Allowable Quantities (MAQ),
(3) Flammable gases that requires distance separation from exposures/incompatibles and (4)
Flammables gases below MAQ. Many of the requirements mentioned in this section refer to the
International Fire Code standards.
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Table 8. Control Grouping of Flammable and Pyrophoric Gases

Group Description
Group 1 Pyrophoric
Group 2 Above MAQ
Group 3 Require separation from exposures / incompatibles
Group 4 Below MAQ

Group 1

Pyrophoric gases (as well as water reactive gases) are arguably one of the most hazardous classes of
materials to deal with. Therefore their handling and use must demand the utmost in meticulous
engineering controls and procedures.

Group 2

Flammable gases being used above their MAQ (Group 2) is highly discouraged but sometimes maybe
necessary. If such work is deemed necessary then many requirements must be met according to
International Fire Code/International Building Code guidelines. Those extra requirements can be
very challenging and expensive to obtain but revolve around ensuring explosion control (good
venting and barricades being in place) and that all static producing equipment must be grounded.
See Chapters 27 and 35 of International Fire Code for reference.

Group 3

Flammable gases that require distance separation (Group 3) from exposures and incompatibles is
dependent on the volume of the space in question and distance between the objects being stored.
In general laboratory terms, Group 3 refers to flammable gases being stored in small rooms where
normal safe storage distances are impossible or difficult to obtain. See Chapter 35 of International
Fire Code for reference.

Group 4

Flammable gases (excluding pyrophoric and water reactive gases) being used and stored below their
MAQ and in full sized laboratories (Group 4) is how most flammable gases should be stored and
handled in KAUST Laboratories. Therefore their requirements are minimal but never forget they are
still flammable and can cause great property damage and harm if misused.

General Requirements for all flammable gases:

e Flammable gases must be separated by 20 ft (6.1 m) from all pyrophoric and oxidizing gases.

e The 20 ft (6.1 m) distance shall be reduced without limit when materials are separated by a
barrier of noncombustible materials that interrupts the line of sight between the containers
with a fire resistance rating of at least 30 minutes.

e Flammable and pyrophoric gases with pressure-relief devices shall be stored separately from
cylinders without pressure-relief devices. (Note: some toxic and highly toxic gases are
without pressure-relief device, but they are required to be inside gas cabinets.)

e The quantities of flammable gases shall need to be approved if the total of flammable liquids
in the lab exceeds 454 L (120 gal).
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Table 9. Minimum Safety Requirements for Flammable and Pyrophoric Gases

()

KAUST

Procedural and Administrative Requirements

Group |
Pyrophoric

Group 2
Above
MAQ

Group 3
Distance
separation

Group 4
Below
MAQ

General compressed gas requirements for
storage and use

X

X

X

Prior approval from Research Safety Team

SOP

Leak testing — at delivery

Plugs and caps in place during transportation

Written emergency response plan

Emergency drills with user participation

Annual maintenance — safety tests

Restrictive flow orifices at cylinder head

XXX |[X[X|X|X]|X

XXX |[X[X|X|X]|X

XIX|X[X|X|X[X|X

Engineering and Design Requirements

All welded gas supply pipe

Coaxial pipe

Sprinkler in cabinet

Emergency power to ventilation

XX [X|X

(@)

Alarm/Automatic shut off for:

Gas detection in cabinet

Manual emergency shut-off

Controller power failure

Remote shut down at fire panel

Exhaust ventilation failure

Activation of manual fire alarm

Excess Flow

Local shut off button in area of use

Gas detection system at point of use

High level alarms to be relayed to Fire
Department automatically

X| X|X[X|X|X[|X|X|[X]| X

X| X|oOOOO|O(0O] 0

O OOOIO0OI0OI0O|I0| 0

Fire (UV/IR) detector

(@]

Mechanically ventilated gas cabinet

Exhausted enclosure (experiment location)

Inert gas purge system in cabinet

X | X | X0

Abatement system (scrubber or burn box)

X | X | X | X | X

X = Required, C= Conditional, determined by Research Safety Team review

See Appendix 7 for information on Sub-Atmospheric Containers.

It is important that areas where flammable gases are stored are well ventilated. Ventilation, natural

or mechanical, must be sufficient to limit the concentration of flammable gases or vapors to a

maximum level below the Lower Explosive Limit (LEL).

Subject to Maximum Allowable Quantity (MAQ) limits and requirements for segregation of

incompatible materials, flammable gas cylinders are allowed to be used inside the laboratory area
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without gas cabinets or exhausted enclosures. When flammable gases are stored or used without

dedicated exhaust enclosure, restrictive flow orifices at the cylinder head are required.

Table 10. Maximum Allowable Quantities (MAQ)

Maximum Allowable Quantity (MAQ) for Flammable, Oxidizing, and Corrosive (liquefied and
nonliquefied) gases in sprinklered Control Areas. See Appendix 4.

Gas type

No exhausted enclosure

Exhausted enclosure

Flammable (liquefied)

300 Ib (136 kg)

600 Ib (272 kg)

Flammable (nonliquefied)

2000 ft3 (56 m3)
~8 K sized cylinders

4000 ft3 (112 m?)
~16 K sized cylinders

Oxidizing (liquefied)

300 Ib (136 kg)

600 Ib (272 kg)

Oxidizing (nonliquefied)

3000 ft* (85 m3)
~12 K sized cylinders

6000 ft3 (170 m3)
~24 K sized cylinders

Corrosive (liquefied)

300 Ib (136 kg)

600 Ib (272 kg)

Corrosive (nonliquefied)

1620 ft3 (46 m3)
~6.5 K sized cylinders

3240 ft3 (92 m3)
~13 K sized cylinders

A control area is defined as “Spaces within a building where quantities of hazardous materials not
exceeding the maximum allowable quantities per control area are stored, dispensed, used or
handled.” In KAUST, Control Areas are designated by Fire Loss Prevention using the International Fire
Code standards and NFPA 55 as the reference document and only Fire Loss Prevention can make the
determination of what constitutes the boundaries of the Control Area. Once the Control Area is
determined and identified, see Table 10 (above) to identify the maximum allowable quantity (MAQ)
of gas allowed.

In most KAUST laboratories the maximum laboratory Control Area (called lab zones) roughly equals
~10,000 ft? (929 m?2). Some buildings have different sized Control Areas. It is important to
understand that a Control Area may not be a single laboratory. It may be the case, in most instances,
that a Control Area is composed of multiple laboratories. Most laboratory Control Areas (lab zones)
in KAUST are sub-divided into 5 laboratories (e.g. 2910, 2920, 2930, 2940, 2950) which the quantities
stated in Table 10 must be divided into.

Note: The MAQ cylinder count cited above is interpreted as meaning that labs can have a maximum
of 8 cylinders of flammable gas (16 if in ventilated enclosure) and 12 cylinders of oxidizing gas (24 if
in ventilated enclosure) simultaneously per control area. Separation requirements for incompatible
gases still apply.

Liquefied Gases
Many common gases used in laboratories are liquefied gases. These include carbon dioxide,
ammonia, chlorine, nitrous oxide, propane, butane, and many fluorocarbon CFCs.

To achieve higher gas-phase flow-rates and pressures, some liquefied cylinders may require heating.
This can only be done with appropriate safeguards and extreme caution. ALL operations that require
deliberate heating of a compressed gas cylinder or a liquefied gas cylinder must be reviewed and
approved by researchsafety@kaust.edu.sa on a case-by-case basis. Many liquefied gas cylinders,

such as propylene tanks, have pressure relief valves designed to vent excess pressures when the
cylinder is exposed to high temperatures. The vented gas can cause fire and explosions.
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Some cylinders have special valves and dip-tubes for accessing the liquid-phase directly. Obtaining
the liquid phase directly from a high pressure cylinder must be done with extreme care and with
proper equipment and procedures. If you plan to access the liquid phase directly from a high
pressure cylinder, please obtain detailed instructions from the supplier and consult
researchsafety@kaust.edu.sa for additional advice. Appendix 8 contains additional information on

this topic for your reference.

The working pressure of a liquefied gas cylinder may be much lower than a typical compressed gas
cylinder. Tragedies have occurred in other countries when people tried re-filling these cylinders
beyond their rated pressures. In general, lab users are not allowed to refill compressed gas

cylinders except with special permission. Compressed gas re-filling is NOT allowed in KAUST

laboratories except with special permission from researchsafety@kaust.edu.sa. Examples of

permissible refilling of compressed gas cylinders would be for SCBAs (Self Contained Breathing
Apparatus) used by fire departments or SCUBA (Self Contained Underwater Breathing Apparatus) in
Coastal and Marine Resources (CMOR).

Acetylene
Acetylene is an inherently unstable compound. The carbon to carbon triple bond contains a lot of
energy and it is sensitive to pressure, temperature, and shock. Therefore, acetylene gas is dissolved
in liquid acetone which makes it more stable. Acetylene cylinders contain a porous filler material
filled with acetone. Therefore, acetylene cylinders are rather unique among compressed gas
cylinders. Below are important safety rules regarding acetylene:
e Never attempt to store or inject acetylene gas into any type of vessel, tank or enclosure.
Improperly stored acetylene is unstable and may explode.
e Acetylene gas regulators should not exceed 15 psig.
¢ In welding, brazing and work involving flames, flame arrestors and check valves must be
installed. For other operations, contact researchsafety@kaust.edu.sa for advice.

e Acetylene cylinders must be properly secured and kept upright at all times. Movement of
cylinders must be done with care and cylinders must be protected from heat.

Other Hazardous Gases

Oxidizing Gases

Oxidizing gases must not be stored with incompatible materials. Flammable and oxidizing gases
cannot be housed in the same gas-cabinet and must be separated from one another by 6.1m (20 ft).
Their storage, use and handling are discussed in the previous chapter Compressed Gas Cylinder

General Requirements. In addition, like flammable gases, there is a maximum allowable quantity for
oxidizing gases in laboratories as well. See Table 10. Maximum Allowable Quantities (MAQ) to
determine your labs MAQ.
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Regulator fitting for flammable and some oxidizing gases — note notches on flats which indicate left-
hand thread.

CGA 510

Corrosive Gases

Most corrosive gases are also toxic so the health and safety requirements for toxic gases are
applicable, in addition, ducts and valves for corrosive gases must be of compatible materials. The
main concern with corrosive gases (in addition to their toxicity) is their incompatibility with other
gases. Incompatible materials must not be stored together. Their storage, use and handling are
discussed in the previous chapter Compressed Gas Cylinder General Requirements.

Always keep and utilize plastic seal gaskets that come with regulators for corrosive gases.

If possible, clean regulators and other metal parts after using corrosive gases. This will help prevent
regulators, valves and other equipment from becoming “stuck-open or closed” or corroded onto the
cylinder head. Examples of corrosive gases include hydrogen chloride, ammonia and chlorine.

Water Reactive Gases

Water reactive gases should only be utilized under anhydrous conditions and may require handling
techniques very similar to gases such as silane (Group 1 flammable gas). Water reactive gases must
not be stored together with incompatible materials.
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7. Gas Monitoring and Control System
Gas monitoring equipment in KAUST falls into two categories, (1) portable detectors and (2) fixed
monitors (often called Toxic Gas Monitoring (TGM) Systems in KAUST). The two categories have
different functions and they are intended for different purposes.

Portable Detectors

These are usually battery-operated hand-held devices. They usually provide a visual (flashing light)
and audible alarm but they cannot automatically trigger external events such as shutting down of
gas supplies, notifying the Fire Department, etc. They are very useful for locating leaks, as personal
monitors during emergency response. Portable detectors may be used as area-monitors only if the
operation is continuously attended to. They are not suitable for safeguarding unattended
operations involving hazardous gases. TGM system does not provide maintenance and calibration
to portable gas detectors, this is a laboratory responsibility.

Fixed Monitors

Fixed monitors include gas sensors installed inside gas cabinets, lab equipment, ventilation ducts, or
areas where hazardous gas might be released. Signals (gas leakage level and sensor status) from a
fixed sensor are normally sent to a control system to activate alarm and mitigating actions.

Gas Monitoring Control System

When a pre-determined level of gas is detected by a fixed sensor, a signal is sent to a controller
which may be configured to actuate a number of mitigating actions automatically. These actions
may include sounding of alarms, shutting off gas supplies, ramping up exhaust ventilation, and
notifying emergency services. The controller may also be configured to actuate selected mitigating
actions in response to other input signals such as exhaust ventilation failure, excesses flow of the
gas, power failure of the controller, or activation of building fire alarm. This configuration of a
controller is called the “Cause and Effect Matrix”.

Hazard Evaluation and “Cause and Effect Matrix”

To determine the “cause-and-effect-matrix” concerning hazardous gases requires detailed
evaluation of possible scenarios and the most appropriate actions for each. This is normally done at
the design stage of a laboratory and implemented prior to lab operation. Any change or deviation
from the original design must be evaluated by the Research Safety Team, and properly documented.
Below is the summary of the cause and effect matrix for all current and future labs at KAUST (as
applicable depending hazard class and flammability levels).
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Signal Green | Clear | Blue Siren | Equipment | Report Escalation
Strobe | Strobe | Strobe Shutdown | Alarm

Normal conditions X

TGM sensor fault X X

Area/Equipment/Exhaust X X

TGM sensor pre-alarm

Area/Equipment/Exhaust X X X X X

TGM sensor alarm

Equipment (gas cabinet X X X

or VMB) low ventilation

alarm.

Building fire alarm X X X X X

(manual shutdown from

fire command room) or

lab Emergency Gas off

(EGO)

Equipment alarm X X

Gas line coaxial alarm X X X X X

Gas Detectors in Gas Cabinets

Gas cabinets housing pyrophoric gases, Class | and Class Il toxic gases are required to have fixed gas
monitors (pyrophoric require flame detectors - UVIR) installed inside the gas cabinet. Upon
detection at the high-alarm level, the gas monitor shall, at a minimum, cause the automatic
shutdown of the gas supply at the cylinder valve and a local alarm (audio and visual) to be activated.
If the cylinder valve does not allow for this function, a pneumatic or solenoid valve on the high
pressure side of the regulator manifold should be shut off automatically. All such valves must fail-to-
safe in case of loss of power or loss of pressure in the pneumatic system. Gas sensors in gas cabinets,
valve manifold boxes, or ventilated research equipment using Class | and Class Il gases may be
connected to the TGM central system of the lab or directly to the equipment controller with the
possibility of dual reporting in the second case.

Fixed Detectors for Other Gases

Gases other than pyrophoric, Class | and Class Il toxic gases, if housed in a gas cabinet, normally DO
NOT require fixed monitors inside the cabinet. The need for fixed gas monitors inside gas cabinets
shall be determined by the Research Safety Team.

Area or Point of Use Monitors

The need for gas monitors apart from those inside of gas cabinets (Table 4.1 and 4.4), as well as the
number and locations of the sensors, alarm levels, etc, shall be determined by the Research Safety
Team based on hazard properties of the gas, plausible worst-case release rates, size and ventilation
rate of the affected areas, as well as other factors. Room monitors and area monitors shall be
connected to an alarm system to signal the evacuation of the affected room or area when the
detected gas level is higher than a pre-determined “high-alarm-level”. Room or area monitors
should be located at risk free areas and easy access for emergency response by TGM and Fire teams.
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Toxic and Flammable Gas Alarm Set Points

If a fixed monitor is installed, automatic shutdown shall occur upon gas detection at the high-alarm-
level. For toxic gases, high alarm levels must not be set higher than PEL or Threshold Limit Value
(TLV) for occupied areas.

Section 7.1.6.3.2 from NFPA 318 version 2018 provides a good guide to set up alarm points:

e Immediately dangerous to life or health (IDLH) values when the monitoring point is within an
exhausted enclosure.

o PEL levels when the monitoring point is in an area outside an exhausted enclosure.

e For flammable gases, twenty five percent of LEL when the monitoring point is within or
outside an exhausted enclosure.

Gas detector high alarms for pyrophoric, flammable, Class | and Class Il toxic gases must be
automatically relayed to the main building fire alarm control panel which is then relayed to 911 SOC
for immediate emergency response. Pre-alarm levels could trigger only a local alarm and do not
need to trigger complete building evacuation.

Alarm levels may be set to levels lower than PEL, TLV, IDLH and 25% LEL for more sensitive detection
of leaks. However, alarm levels that are set too low may be prone to frequent false-alarms and
service interruptions. Pre-alarm and alarm set points can be changed from the HMI (Human Machine
Interface) screen or from the TGM workstation with the right access level. Set points should be
changed only after getting Research Safety Team approval via Management of Change process
(MOC). To initiate this process please contact researchsafety@kaust.edu.sa.

Gas monitors shall be able to detect gases with sensitivity to provide low alarm level (warning):

e For pyrophoric and flammable gases, at 10 percent (10%) of LEL (Lower Explosive Limit)

e For toxic, highly toxic and corrosive gases, low level alarms at 1/2 Immediately Dangerous To
Life or Health (IDLH) Values

e For oxygen deficiency alarms Low Limit at 20 percent (20%) oxygen;, High Limit at 19.5
percent oxygen.
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8. Preventive Maintenance and Calibration of Gas Sensors

The TGM Team is responsible for preventive and corrective maintenance to gas monitoring systems.

Some of the main responsibilities for the TGM system include: maintaining TGM gas manifolds, gas
valve manifold box, TGM control panels, TGM cabinets and sensors, TGM horn and strobes, auto
dialers units and local display units.

e Containment and distribution systems for toxic and pyrophoric gases, including gas cabinets
and associated piping and valves must be checked at least annually.

e Gas sensors, including portable and fixed sensors, must be calibrated or replaced according
to the manufacturer’s maintenance guideline or as least annually. Note: Every lab that
desires to use portable detectors is responsible for their own calibration and maintenance.

e Function of the gas monitoring controllers must be checked periodically in accordance with
the manufacturer’s instructions.

e Any maintenance or repair on the monitoring device should be only performed by the TGM
team.
TGM Contact details:
fchelpdesk@kaust.edu.sa
TGM 1 - 0545860225
TGM 2 — 0545863960

9. Design Considerations

When designing new labs, consider using Programmable Logic Controllers (PLC) for the TGM system
with open protocol interface with existing TGM central system (WinCC). All new systems shall have
25% spare input/output capacity for future use and each lab shall have its HMI (Human Machine
Interface) for local monitoring in addition to alarm acknowledge/reset push buttons. Emergency Gas
Off (EGO) push buttons shall be installed near the lab doors and at the building fire command room.
Horn/Strobes shall be installed inside the lab at visible height and outside the lab doors. Central system
supports auto paging feature, however, having an Auto-dialer dedicated for each lab is still required.
Area sensors shall be installed at suitable height based on the molecular weight of each gas to ensure
an early detection in case of any leakage. Gas cabinets and ventilated research equipment using Class
| and Class Il gases shall be equipped with ventilation monitoring sensors (exhaust sensor) to ensure
adequate exhaust is being achieved at all times, exhaust alarm shall be reported to TGM system.

TGM system design and sensors specifications shall be based on the E&PM KAUST Project
Specifications, Section 25 80 00 - Gas monitoring and control system.

Deviation from the design specifications shall be approved by the Research Safety Team and TGM
Team.

Emergency Power (Alarm, Detector, Ventilation)
In Class | and Class Il Toxic gases and pyrophoric gases, emergency power must be provided for these
systems:

e Exhaust ventilation (including the power supply for treatment systems)
e Gas cabinet ventilation
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e Exhausted enclosure ventilation
e Gas-detection
e Emergency alarm

Auto Dialer

The auto dialer is a device which is interconnected to a telephone line and is programmed to transmit
a signal by a voice or text messages that indicates either an emergency condition exists or the need
for an emergency response is required or operational maintenance issues in the TGM System. An auto
dialer is required for flammable and pyrophoric gases Group 1 and Group 2 and for toxic gases Class |
and Class Il. The escalation process, notifications, pre-alarm and high alarm settings need to be
approved by the Research Safety Team and TGM team in agreement with the lab users.

Any changes to the auto dialer call system needs approval via Management of Change process (MOC).

Gas Cabinets/Valve Manifold Box

All Class | and Class Il toxic gases and Group 1 and Group 2 pyrophoric and flammable gases must be
kept in an mechanically ventilated gas cabinet at all times.

Gas cabinet cylinder storage/use requirements:

e Be provided with self-closing limited access ports or non-combustible windows to give access
to equipment controls.

o Average face velocity at the face of the access ports or windows shall not be less than 200
feet per minute (3.3 feet/s) or 61 meters per minute (1.01 m/s) with a minimum of 150
feet per minute (2.5 feet/s) or 46 meters per minute (0.8 m/s) at any 1 point of the access
port or window.

e Connected to an approved exhaust system.

e Equipped with automatic fire sprinkler system protection, and must be constructed and
ventilated according to code requirements.

e Be provided with self-closing doors.

e Gas cabinet shall be equipped with an Excess Flow Switch (EFS) to shut down the cabinet in
case of line rupture.

e Gas cabinet/Valve Manifold Box (VMB) shall be able to report its status (Healthy/Alarm) to the
central monitoring system and shall receive remote shutdown command from the system in
case of emergency.

e Gas cabinet and (VMB) outlet shall be equipped with a coaxial gauge switch when using double
wall pipe.
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Gas Treatment

All Class | and Class |l toxic gases and pyrophoric gases must be treated before discharge to the
atmosphere.

Treatment systems must be designed to reduce the maximum allowable discharge concentration of
the gas to 1/2 IDLH at the point of discharge to the atmosphere.

When more than one gas is emitted to the treatment system, the treatment system must be
designed to handle the worst-case release based on the release rate, the quantity, and the IDLH for
all the gases stored or used.

Gas treatment system can be dry absorbers (cartridges) or scrubbers (thermal-wet or flame type).

Compatible Piping

Piping, tubes, valves, fittings, and related components must be:

e Designed and fabricated from materials compatible with the gas to be contained.
o Hydrogen — Use only stainless steel piping and fittings.

o Oxygen — Use steel, brass, copper or stainless steel (as per National Fire Protection
Association regulations).

o Arsine, phosphine, ammonia — Use only stainless steel piping and fittings.

o Of adequate strength and durability to withstand the pressure, structural and seismic stress,
and exposure to which they are subject.

e Identified in accordance with nationally recognized standards to indicate the material
conveyed.

e Compatible cylinder connection seal (gasket) with the material to be used.

e Compatible with the CGA number of gas cylinder and connections in the equipment.

Purge System

The ability to purge the area between the cylinder valve and the regulator with an inert gas prior to
maintenance or cylinder change out is required for flammable and pyrophoric gases Group 1 and
Group 2 and for Class | and Class Il toxic gases.

Fully automated gas cabinets reduces the risk of exposing the user to gases while replacing the gas
cylinder.

For any questions related to project design and engineering please contact Engineering and Project
Management Department at: cs.ejr@KAUST.EDU.SA
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10. Purchasing Control, Inventory and Disposal

Prior approval from researchsafety@kaust.edu.sa is required for the purchase of toxic and

pyrophoric gases. Approval shall not be given unless researchsafety@kaust.edu.sa is satisfied that

the lab is suitably equipped and ready for the handling of toxic and pyrophoric gas(es) being
purchased. Once approved, delivery of toxic gas cylinders must be conducted through the Chemical
Warehouse, which maintains a record of all deliveries. Labs must contact Chemical Warehouse
(contact details below) to inform them of impending orders to be delivered. This is for coordination
purposes.

*Important note: Always retain the purchase order number for each compressed gas cylinder to
facilitate the ease to return the cylinder back to the supplier.

Similar to any chemical, an accurate and up-to-date inventory of pyrophoric and toxic gases (and
their whereabouts) should be maintained by all labs that use compressed gases. As for reasons
stated above, toxic and pyrophoric gases must NOT be transferred to other labs without prior
approval from researchsafety@kaust.edu.sa.

Once researchers are done utilizing a compressed gas cylinder whether it is full, partially full or
empty, they must contact the Chemical Warehouse (contact details below) to arrange for proper
disposal. Spent cylinders should normally be sent back to the supplier through the Chemical
Warehouse. The contact information for the Chemical Warehouse is:

Call Chemical Warehouse: (0)12-808-5664
Email Chemical Warehouse: WHSOrder@kaust.edu.sa

Non-refillable cylinders (i.e. lecture bottles and disposable gas cylinders) should be disposed through
the hazardous waste management system, see the Laboratory Hazardous Waste Management
Manual or contact HSE Hazardous Waste Specialist for details.
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11. Compressed Gas Leaks and Emergencies

Preplanning

Despite strict adherence to laboratory safety practices, accidents involving gases may occur in the
laboratory. The amount of damage sustained by personnel and property from these accidents will be
directly related to the quality of the laboratory's emergency plan and procedures. Users of
compressed gas cylinders must be familiar with necessary safety precautions. Standard Operating
Procedures (SOPs) for experiments using compressed gases shall include a discussion of possible
accident scenarios, appropriate employee responses and should take into account the following
factors:

e The nature of the operation (e.g., experimental design, equipment used, etc.).

e The potential location of a release or spill (e.g., outdoors versus indoors, in a laboratory,
corridor or storage area, on a table, in a hood, or on the floor).

e The quantities of material that might be released and the type of containment (i.e.,
compressed gas tank size, manifold systems, etc.).

e The chemical and physical properties of the compressed gas (e.g., its physical state, vapor
pressure, and air or water reactivity).

e The hazardous properties of the compressed gas (e.g., its toxicity, corrosivity and
flammability).

e The availability and locations of emergency supplies and equipment.

e A contingency plan which identifies building evacuation routes, emergency telephone
numbers, chemical containment procedures, fire extinguisher usage, etc., should be posted
in the lab.

Emergency Response

e In the event of personnel skin contamination, wash contaminated area with water and
remove contaminated clothing.

¢ Inthe event of personnel eye contamination immediately flush the exposed area using an eye
wash or water for 15 minutes.

e Inthe event of personnel exposure via inhalation, remove the victim to fresh air.

e Call 911 from a KAUST landline or 012-808-0911 from a mobile phone.

e Report the incident using Reportit.

Minor Leaks

Occasionally a gas cylinder or one of its component parts may develop a leak. Most of these leaks
occur at the top of the cylinder in areas such as the valve threads, pressure safety device, valve stem
and valve outlet. The following information applies to the remediation of minor leaks:

e If possible, verify suspected leaks using a portable gas detector or soapy water solution (a
flame should not be used for detection). If the leak cannot be stopped by tightening a valve
gland or packing nut, emergency action procedures should be initiated by calling 911 from a
campus phone or 012-808-0911 from a mobile phone.
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Most likely leak points on a cylinder:

Gas or Vapor Tight
Outlet Cap
Pressure Relief
Device

Valve Thread

e For flammable, inert or oxidizing gases, move the cylinder to an isolated, well-ventilated
area (e.g., within a fume hood) away from combustible materials. Post signs that describe
the hazard.

e For corrosive and toxic gases, move the cylinder to an isolated, well-ventilated area (e.g.,
within a fume hood) and use suitable means to direct the gas into an appropriate chemical
neutralizer. Post signs that describe the hazards.

Major Leaks

In the event of a large gas release or if an accident takes place in which readily available personal
protective equipment (PPE) is inadequate to ensure worker safety, activate the following Emergency
Procedures:

e Immediately call 911 from a KAUST landline or 012-808-0911 from a mobile phone and
report the incident.

e Activate building and area fire alarms (or chemical safety alarms if applicable).

e Evacuate the area, securing entrances and providing assistance to others on the way out.

e Provide emergency response officials with details of the problem upon their arrival. The
KAUST Fire Department will respond to gas emergencies.

Leaks from cylinders of toxic or flammable gases require immediate attention. Decisions of how to
handle the problem will depend on the kind of gas, the size of the leak, the area where the cylinder
is located, and other factors. Rely on KAUST Fire Department and emergency responders to deal
with major leaks and release of toxic and flammable gases.

TGM Alarms

Some laboratories fitted with TGM systems at KAUST have emergency lights outside the lab.
The color code is explained below:

- Blue: Gas leak emergency — Building evacuation alarm.

- White: Gas detector fault / Maintenance required / TGM isolation — Not required to
evacuate the building.

- Green: TGM system operational — Normal operations.

- For questions and troubleshooting regarding TGM system please contact the

= following contact numbers: TGM 1 —0545860225, TGM 2 — 0545863960
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Odor Reports
Odors can come from many sources, the first minutes are essential to identify the source.

The majority of indoor air quality complaints can be tied to the Heating, Ventilation, and Air
Conditioning, "HVAC" system or plumbing. HVAC systems are designed primarily for controlling
temperature, humidity, odor control, and air quality.

For extremely strong and acutely irritating odors, strong burning smells or visible smoke call 911
from a KAUST landline or 012-808-0911 from a mobile phone. For chemical, gas, electrical burning
smells, and any other odors call 911 from a KAUST landline or 012-808-0911 from a mobile phone.

For humidity smells, musty odors, drainage or sewage smells call 959.
When reporting an unusual or abnormal odor, be prepared to provide the following information:

e Description of odor.

e Time(s) of detection.

e Abnormal conditions, activities, or materials at the time of detection.
e location, provide building number, level and room number.

e Possible source(s).
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Appendix 1 Glossary

CGA — Compressed Gas Association

Class | Toxic Gas

A material that has a median lethal concentration (LCsp) in air of 200 ppm or less by volume
of gas or vapor, or 2 milligram per liter or less of mist, fume or dust, when administered by
continuous inhalation for one hour, or less if death occurs within one hour, to albino rats
weighing between 200 and 300 grams each.

Class Il Toxic Gas

A material that has a median lethal concentration (LCsp) in air more than 200 ppm but not
more than 3000 ppm volume of gas or vapor, or more than 2 mg per liter but not more than
30 mg per liter of mist, fume or dust, when administered by continuous inhalation for one
hour, or less if death occurs within one hour, to albino rats weighing between 200 and 300
grams each.

Class lll Toxic Gas

A material that has a median lethal concentration (LCsg) in air more than 3000 ppm but not
more than 5000 ppm volume of gas or vapor, or more than 30mg per liter but not more than
50vmg per liter of mist, fume or dust, when administered by continuous inhalation for one
hour, or less if death occurs within one hour, to albino rats weighing between 200 and 300
grams each.

DOT

The U.S. Department of Transportation (DOT) governs the packaging, labeling and
transportation of dangerous substances, including compressed gas cylinders. The DOT
classification of dangerous material is in-line with the international (UN) classification
scheme.

Gas Cabinets

Gas cabinest for toxic gases must meet specifications detailed in NFPA 55. The material
must be made of minimum of 12-guage steel, operated under negative pressure, have self-
closing doors, and connected to a treatment system if dilution alone cannot reduce a worst-
case release to half IDLH at the point of release to the atmosphere.

GHS

The Globally Harmonized System GHS of Classification and Labeling of Chemicals is a
system for standardizing and harmonizing the classification and labeling of chemicals. It is a
logical and comprehensive approach to:

= Defining health, physical and environmental hazards of chemicals;

= Creating classification processes that use available data on chemicals for comparison
with the defined hazard criteria; and

= Communicating hazard information, as well as protective measures, on labels and
Safety Data Sheets (SDS).
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ICAS
Integrated Campus Automation System (ICAS) is a campus-wide information network for
monitoring status of various building services including hazard alarms.

IDLH
An acronym for Immediately Dangerous to Life or Health, and is defined by the US National
Institute for Occupational Safety and Health (NIOSH) as exposure to airborne contaminants

that is "likely to cause death or immediate or delayed permanent adverse health effects or
prevent escape from such an environment."

LCso

Maedian Lethal Concentration (LCso) is the concentration of a gas (or gas mixture) in air
administered by a single exposure (usually one hour) to a group of young adult albino rats
(male and female) which leads to the death of half of the animals within 14 days. LCso
values are used for classifying toxic gases.

LCwo

Lowest Reported Lethal Concentration (LCLo) value is the lowest concentration of a
material in air reported to have caused the death of animals or humans. When LCsovalues
are not available, LC,o values are sometimes used as reference.

LCS
Lab Control System (LCS) is a logic controller which monitors and control essential utilities
such as HVAC, lighting, hazard monitoring, and alarms in the laboratories.

LEL

Lower Explosive Limit (LEL): The lowest concentration (percentage) of a gas or a vapor in air
capable of producing a flash of fire in presence of an ignition source. LEL concentrations vary
greatly between combustible gases. Concentrations lower than LEL are "too lean" to burn.

NFPA Hazard Rating

NFPA Rating is defined in NFPA 704, a standard maintained by the National Fire Protection
Association. It defines the colloquial "fire diamond" for quickly and easily identifying the
risks associated with hazardous materials. This original aim was to help emergency
responders determine what protective equipment should be used, procedures followed, or
precautions taken during an emergency response.

PEL

Permissible Exposure Limits are similar to TLVs, these levels are established and enforced by
the U.S. Occupational Safety and Health Administration (OSHA). PELs are regulatory limits on
the concentration of substances in the air in a workplace.
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TGM

Toxic Gas Monitoring System (TGM) is a loose terminology used in KAUST to refer to fixed
gas detection and control systems in the laboratories. The gases being monitored may
include toxic and flammable gases as well as oxygen levels where large quantities of inert
gases are used.

TGO

Toxic Gas Ordinance was a model code first developed by Santa Clara County Fire Chiefs
Association in the 1980s as a guideline to address highly hazardous gases used in the
semiconductor industry. National codes and laws often lag-behind technological
development. It has been adopted by many Bay Area Municipalities as enforceable
standards and has been revised and refined from time to time.

TLV

The threshold limit value (TLV) of a chemical substance is the concentration in air to which it
is believed almost all workers can be exposed day after day for the entire working lifetime
without adverse health effects. TLV is established by of the American Conference of
Governmental Industrial Hygienists (ACGIH).

UEL

Upper Explosive Limit (UEL): Highest concentration (percentage) of a gas or a vapor in air
capable of producing a flash of fire in presence of an ignition source (arc, flame, heat).
Concentrations higher than UEL are "too rich" to burn.
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Appendix 2 References, Codes and Standards

1. Toxic Gas Ordinance, Chapter XIV Toxic Gas Storage, Division B11 of the Santa Clara
County Ordinance Code

2. Toxic Gas Ordinance Consensus Guidelines,
http://www.unidocs.org/hazmat/gases/un-027.pdf Accessed May 2018

3. Common Toxic Gases as Defined by the Toxic Gas Ordinance and CFC,
http://www.unidocs.org/hazmat/gases/un-015.pdf, accessed May 2018

4. NFPA 45 Standard on Fire Protection for Laboratories Using Chemicals, 2015 Edition

5. NFPA 55 Compressed Gases and Cryogenic Fluids Code, 2010 Edition

6. NFPA 704 Standard System for the Identification of the Hazards of Materials for
emergency Response, 2012 Edition

7. NFPA 318 Standard for the Protection of Semiconductor Fabrication Facilities, 2018
Edition

8. International Fire Code, 2009 Edition

9. Toxic Gases, Stanford University,
https://ehs.stanford.edu/topic/hazardous-materials/toxic-gast#santa-clara-countys-
toxic-gas-ordinance Accessed May 2018

10. Gas Monitoring Program, North Carolina State University,
https://ehs.ncsu.edu/laboratory-safety/compressed-gases/
Accessed May 2017

11. Compressed Gases, UC San Diego University, http://blink.ucsd.edu/safety/research-
lab/chemical/gas/index.htm| Accessed May 2018

12. Guide to Compressed gases or liquefied gases in laboratories, Northwestern University,
https://researchsafety.northwestern.edu/compressed-or-liguefied-gases-
laboratories/guide-compressed-or-liquefied-gases-laboratories Accessed May 2018

13. UN Recommendations on the Transport of Dangerous Goods - Model Regulations,
Seventeenth revised edition, United Nations, 2011

14. CGA P-20-2017, Standard for Classification of Toxic Gas Mixtures, Fifth Edition,
Compressed Gas Association, Inc.

15. BS I1SO-10298:2018, Determination of Toxicity of a Gas or Gas Mixture, Third Edition,
International Standard Institute.
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16. California Fire Code (CFC)
Article 51 — Semiconductor Fabrication Facilities
5101.10.4 Continuous gas-detection systems

17. Article 80 Hazardous Materials
8003.3.1.6 Gas detection - Storage - Toxic and Highly Toxic Compressed Gases - Indoor
8004.2.3.7.6 Gas detection Storage, Use, Dispensing and Handling - Indoor — Closed
Systems - Special Requirements for Highly Toxic and Toxic Compressed Gases

18. Section 25 80 00 - Gas monitoring and control system, KAUST E&PM
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Chemical Name CAS Number | Corrosive (FLIETTJaEbII_e) Oxidizer (':’_cg(;;:) R\{e\ge::tt?\l;e
&

Acetaldehyde 75-07-0 4.0 - 60%
Acetyl fluoride 557-99-3 X
Acetylene 74-86-2 25-81%
Allene 463-49-0 2.1-13%
Ammonia 7664-41-7 X 15 - 25% 4000
Arsenic pentafluoride 7784-36-3 178
Arsine 7784-42-1 - 20
Argon 7440-37-1
Boron Trichloride 10294-34-5 X 2541
Boron Trifluoride 7637-07-2 X 864
Bromine chloride 13863-41-7 X X 290
Bromomethane 74-83-9 850
Bromotrifluoromethane 75-63-8
1,3-Butadiene 106-99-0 2-11.5%
Butane 106-97-8 1.8-8.4%
1-Butene 106-98-9 1.6-9.3%
cis-2-Butene 590-18-1 1.7-9.7%
trans-2-Butene 624-64-6 1.6-9.7%
1-Butyne 107-00-6 2.5-80%
Carbon dioxide 124-38-9
Carbon monoxide 630-08-0 12 - 75% 3760
Carbon tetrafluoride 75-73-0
Carbonyl fluoride 353-50-4 X 360
Carbonyl sulfide 463-58-1 6.5 -29% 1700
Chlorine 7782-50-5 X 293
Chlorine pentafluoride 13637-63-3 X 122
Chlorine trifluoride 7790-91-2 X X 299 X
Chloromethane 74-87-3 7-17.4%
Coramatuorostne | 1ggomg
2-Chloro-1,1,1-Trifluoroethane | 75-88-7
Chlorotrifluoroethylene 79-38-9 8.4-38.7% 2000
Chlorotrifluoromethane 75-72-9
Cyanogen 460-19-5 6.6 - 32% 350
Cyanogen chloride 506-77-4 80
Cyclopropane 75-19-4 2.4-10.4%
Deuterium 7782-39-0 4-74.2%
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Deuterium bromide 13536-59-9 X

Deuterium chloride 5-7-7698 X 3120

Deuterium selenide 13536-95-3 Unavailable 51 X
Deuterium sulfide 13536-94-2 4 - 46% 710

Diborane 19287-45-7 0.9 -98% 80
Dibromodifluoromethane 75-61-6

(DRi(_:Ec))rodifluoromethane 75-71-8

Dichlorofluoromethane 75-43-4

Dichlorosilane 4109-96-0 X 4.1-98.8% 314

1,2-Dichlorotetrafluoroethane 76-14-2

Diethyl zinc 557-20-0 _ 10 X

1,1-Difluoroethane 75-37-6 4.3-17.4%

1,1-Difluoroethylene 75-38-7 55-21.3%

Dimethylamine 124-40-3 X 2.8-14.4%

Dimethyl ether 115-10-6 3.4-27%

2,2-Dimethylpropane 463-82-1 1.4-75%

B-Diphenylphqsphino 18586-39-5

ethyltriethoxysilane

Diphosgene 503-38-8 X 2
Enflurane 13838-16-9

Ethane 74-84-0 3-12.4%

Ethylamine 75-04-7 35-14%

Ethyl chloride 75-00-3 3.16 - 15%

Ethylene 74-85-1 2.7-36%

Ethylene oxide 75-21-8 3-100% 2900
Ethylsilane 2814-79-1 1.3-88.9%

Fluorine 7782-41-4 X X 185
Fluoromethane 593-53-3 Unavailable

Germane 7782-65-2 - 620
Halon 1310 75-63-8

Helium 7440-59-7

Hexachloro-1,3-butadiene 87-68-3 X 370
Hexafluoroacetone 684-16-2 X 470
1,3-Hexafluorobutadiene 685-63-2 7-73%

Hexafluoro-2-butyne 692-50-2 Unavailable
Hexafluoroethane 76-16-4

Hexafluoropropene 116-15-4

Hydrogen 1333-74-0 4-75%

Hydrogen bromide 10035-10-6 X 2860
Hydrogen chloride 7647-01-0 X 2810
Hydrogen cyanide 74-90-8 X 5.6 - 40% 140
Hydrogen fluoride 7664-39-3 X 1307
Hydrogen iodide 10034-85-2 X 2860

Hydrogen selenide 7783-07-5 - 51 X
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Hydrogen sulfide 7783-06-4 X 4.3 - 46% 712

Hydrogen telluride 07783-09-7 Unavailable 51 X
Krypton 7439-90-9

Methane 74-82-8 5-15%

Methanethiol 74-93-1 3.91-21.8% 1350
?::Egé)acetylene propadiene Mixture 2 -13%

Methylamine 74-89-5 X 4.9 - 20%

Methyl bromide 74-83-9 850
3-Methyl-1-Butene 563-45-1 15-9.1%

Methyl chloride 74-87-3 81-172%

Methyl chlorosilane 993-00-0 X Unavailable 600 X
Methyl isocyanate 624-83-9 5.3-26% <1
2-Methylpropane 75-28-5 1.4-8.3%

2-Methylpropene 115-11-7 1.8-9.6%

Methyl silane 992-94-9 1.3-88.9% X
Methyl vinyl ether 107-25-5 2.6 -39%

Neon 13981-34-5

Nickel tetracarbonyl 13463-39-3 _ 20

Nitric oxide 10102-43-9 X 115 X
Nitrogen 7727-37-9

Nitrogen dioxide 10102-44-0 X X 115

Nitrogen trifluoride 7783-54-2

Nitrogen trioxide 10544-73-7 X X 57

Nitrosyl chloride 2696-92-6 35 X
Nitrous oxide 10024-97-2 X

Octafluorocyclobutane 115-25-3

Oxalyl bromide 15219-34-83 X X
Oxygen 7782-44-7 X

Oxygen difluoride 7783-41-7 X 2.6

Ozone 10028-15-6 X 9
Perfluoropropane 76-19-7

Phosgene 75-44-5 X 5

Phosphine 7803-51-2 X ﬁ 20

Phosphorous pentafluoride 7647-19-0 261
Phosphorous trifluoride 7783-55-3 X 436

Propane 74-98-6 2.1-10.1%

Propylene 115-07-1 2-11.1%

Propyne 74-99-7 2.5-80%

Radon 10043-92-2

Selenium hexafluoride 7783-79-1 X 50

Silane 780-62-5 -

Silicon tetrafluoride 7783-61-1 X 922

Stibine 7803-52-3 Unavailable 178

Sulfur dioxide 7446-09-5 2520
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Sulfur hexafluoride 2551-62-4

Sulfur pentafluoride 5714-22-7 <1

Sulfur tetrafluoride 7783-60-0 40

Sulfuryl fluoride 2699-79-8 3020
Tellurium hexafluoride 7783-80-4 25

Tetrafluoroethylene 116-14-3 10 - 50% 2000
Trichloromonofluoromethane 75-69-4

Trifluoroacetyl chloride 354-32-5 10

Trifluoroiodomethane 2314-97-8

Trifluoromethane 75-46-7

Trimethylamine 75-50-3 2-11.6%

Trimethylantimony 594-10-5 _

Tungsten Hexafluoride 7783-82-6 218
Vinyl acetylene 689-97-4 2 - 100%

Vinyl bromide 593-60-2

Vinyl chloride 75-01-4 4-22%

Vinyl fluoride 75-02-5 2.6-21.7%

Xenon 7440-63-3

()

KAUST

Note: Gases with no GHS hazard class of Corrosive, Flammable, Oxidizing, or Toxic are typically inert
under normal conditions. However, inert does not equal non-hazardous. Given the right conditions

they can be reactive. Example: nitrogen gas is typically non-reactive but will react with lithium,
hence why many lithium compounds are utilized under argon instead. All values are from I1SO
10298:2018(E) and manufacturers SDS
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Appendix 4 Gas Storage Maximum Allowable Quantities
Taken from Table 6.3.1.1 from NFPA 55 (2016 edition)
Table 6.5.1.1 Maximum Allowable Qruanticy (MAQY) of Harardous Materials per Control Area
Use — Open
Storage Use — Closed Systems Systems
High
Hazard
Protection  Solid Lagud Sokd Liguid Gas*sd  Solid  Liguod
Material (Jass Level Pounds Callons Gos®scf (Ib)  Pounds Gallons (k) Pounds Gallons
Crvogenic lud Flammahle 2 NA 455 MNA MA 45" NA NA 450
L 3 NA 45" MNA A 45 NA NA 452
Inert NA A ML MNA A NL NA NA ML
Fammable, gus' Cascous 2 NA NA 1004= MNA NA 100 NA MNA
Lipuefied 2 MNA NA (150)°* A NA (1500 NA MNA
LP 2 NA NA (300)R" A NA (300 NA MA
Inert gas Cascous NA NA NA NL A NA NL NA MA
Licpuefied NA NA NA NL A NA NL NA MA
Dhadizing gas Cascous 3 NA NA 15008 MNA NA 15004 NA NA
Licpuefied 3 NA NA (150)a= A NA (150)% NA MNA
Pyrophonc gas Caseous 2 MNA MNA 504 NA NA L] NA MA
Licpuefied 2 NA NA (4 A NA (4)= NA MA
Unstable {reactve) gas Cascous
4 or 2 detonable 1 NA NA 10 MNA NA 104 NA NA
% nondetonable 2 NA NA el MA NA hlR= NA MA
2 3 NA NA The= A NA Tass NA NA
1 NA NA NA NL A NA NL NA MA
Unstable (reactie) gas Licpuefieed
4 or 3 detonable 1 N& NA {1y LY NA (1 NA NA
% nondetonable 2 MA MA ()= M NA [Fy= MA MNA
b4 3 NA NA (150 A NA (150 NA MA
1 NA A A NL A NA WL NA MA
Corrosive gas Cascous 4 NA NA Blpes MNA NA Blo=s NA MNA
Liquefied NA NA (150)°* A NA (1500 NA MA
Highly toxic gas Caseous 4 NA NA bLi MA NA L NA MNA
Licpuefied NA NA (4= A NA ()=t NA MA
Toodc gas Cascous 4 NA NA Bl0== A NA Bl0=s NA MA
Lipuefied NA WA (150)%* MA NA (1500 NA MA

NA: Not applicabde within the context of NFPA 55 (refer 1o the applicable building or fire code for addivonal information on these materals).

WL Mot limated moguan ity

Mantes:

{1} For use of control areas, see Section 6.2

(¥} Table values in Fmr\c'nl]u:m:s or brackets CHTTES R nd to the unit name in |m:r|.':||.l|.'|-:'s-:'| or brackets at the fogs of the column.

(3} The aggregale quantty in use and somge s not permitied o exoeed the quantity hsted For storage. In addition, quantubes inospealfic ooccupancoes

are not permitted o exceed the limits mothe building code.

Measured at NTP [70°F (20°C) and 14.7 psa (1012 kPa) .

“MNone allowed in unsprinklered buildings unless siored or used in gas rooms or in approved gas cabinets or exhausted enclosures, as specfied in this

e,
“With pressurc-relicl devices for stationary or porable contuners vented directly outdoors or 10 an exhaust hood.

“’an tikies are Fu‘nnillq:-:l to b increased 100 peroeni where stored or used in ;1.|:|Frr|:-v|.'-:] cabinets, Has calunets, exhausted enclosures, EAS rodums, as
appropriate for the matermal stored. Where Footnote e also apphies, the increase for the quantties in both focinotes s permitied 1o be applied

accumulamvely.

“Maximum gquantitics are permiticd o be inoreased 100 percent in buildings equipped throughout with an awmomate spankler system in accordance
with NFPA 13, Where Footnote d also applies, the increase for the quantties in both footnotes s permitied 1o be applied accumuobatively.

Flammable gases in the fuel anks of mobale equipment or vehicles are permitied 1o exceed the MAQ where the equipment is siored and operated in

accordance with the applicable fire code.

ESee NFIW 5B for reqpuiremenis for hiqueficd petroleum gos (LP4Cash. LP-Cas s not within the scope of NFPA 55

“Additional storage lecations are required 1o be separated by o minimum of 300 f (92 m).

In mercantle cocupancies, siomge of LP-Cas is hmited o a maxomom of 200 0b (91 kg) in nominal 1 b (045 kg) LP-Cas containers.
Mermitted only in buildings equipgsed throughout with an automatse sprinkler system in accondance with NFPA 13,

EAlkowed only where stored or used in gas rooms or in approved gas cabinets or exhausied enclosures, as speafied in this code.
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Appendix 5 Restrictive Flow Orifices <Double click on image below to access pdf file>

Introduction

Restrictive Flow Orifices

The Restrictive Flow Onifice (RFO) s for use in conjunction with

ptuﬂjrnm‘q:uui lications in both the

high dﬂﬂ:ﬂmw Matheson Tri<Gas

mwmm:&mmm

Restrictive Flow Orifices are used to limit the potentlal danger of

an ancantrolbed fow from a gas cylinder. Unchecked,

the instantaneous fow froma 44 gas cylinder

filled e 2,000 psig can be & much as 2,000 Bears per minuse. By
it the putlet of the CGA connection the Aow

nﬂ-mu%dbemdudbyabmdlﬂ]mapprmﬂmaﬂrﬁl}m

Cylinder Information

LT
LW T
Figure 1: Restricttve Fiom Crifice

per mdnite. flows for different orifice slgns at different
The Restrictive Flow Drifice 15 designed b thread into the oatles pressures @i be found in Tabla L

af most CC A connections that have extemnal male threads. This usineg this eable, a reference flow formd be
would inchsde the fmily of DISS face seal connections (0GA 630 Lﬂ,mmg;mﬂ;uwﬁ:m u;?wmum

and 710 that are used in high punty semdconducior applications.

mmhﬁmmuﬁ [tBahuutE.l’E'}mgaﬂb
generally constnsced of 316155, The orifice opentn uﬁg
varies From 0U008™ o 0.060°. It is possible to have that are
a5 small as {004 and as large as 0.150" depending wpon the
application.

The orifice is y unfilbered. A KEL-F gasket s provided as
parnt of the assambly b0 help create a saal beswesn the restrictor
and the valve body. Refer to Figure 1.

The flow rate through an orifice ks a function of the following
varahles:

Table II summarizes some of the gases that can be affered with
restrictive Aow orifices.

In addition to prov Features that have been mandated
by various local and state the restrictive Aow orlfice also
resuilis im 2 lower fAow raks. which s destrable in
MHMWM.MMMHMH
be a modulasor or contral walve, it will a5 its name implies,

* Pressure substantially reduce the flow rzbe under a specific set of pressure
* Temperature mmﬁmmmhammﬁ.
:ﬂlii oY More detailed Information on restrictive flow orifices 1s available
Opening Erom yaur local Matheson Tri-Cas Sales Engineer
Correlations assist in the Aow of a
mixkEre an Th.isbdmhyﬂlstdeammgh

TAELE| Orifice Flow Rate at Varying Pressures
faw through the same BFD at the required pressure with a
reference gas and then adjisEng the specific gravity accordinghy. .

Pressure-PSiG
The pertinent equation is presented below. Size [ 500 1000 2000
0.006in. | Oslpm T dpm 15 slpm 29 slpm
Aow =  The Fow Rate of B 1 0010in. | Oslpm & slpm Jeslpm T3spm
at the Same Pressure Spedfic Gravity 1.3 in. | Uslpm TSl dpm  IT0slpm —
0.040in. | Oslpm 205 slpm 485 slpm —
0.05Fin. | Oslpm L35 slpm —

TABLEN Gases offered with Restrictive Flow Orifices Specific Cravity @ 70° (1 atm), CGA and DISS Connections

Specic A Specific 5A Spedfic  CGA
Gas Gravity  STD DS Gas Grawity S0 DES Gas Graity  STD DISS
Ammonia 55 &5 T Halogarbon 116 1EN BBl T&  Nitrogen Trifluoride 2460 &7 &0
Hrgon {E — T Fombenll 10" B0 T Nmslade 198 ©F -
Arsenic Pentafluonde G090 - &l Halombon T3 JET0 B0 716 Tiygen 1105 L L
Arsme Pl ] - edd  Halomrbon 14 4075 - 1e ne [12:3] Bell b
Boron Trichloride LI B0 3 Halbomrben 23 TR [ L] .
Boron Tifluonide Pk W @ Hémm [AE:] - 118 Prosphons Pertafiuonde 4300 W o
Carbon Dioxde 27 e i) [T T 0 Silae 1120 T B
Carbon Monozide 6T " T i Silican Tetrachlonde LN [z
Ihikorine P 0 728 Hydrogen Chioride 120 T M Silicon Teirafionde Akl TH o
Tiborane L] = Floride [ Sulfur Hexafuoride L [11] B
Tichlorosine BT g LR . Tridlorosilane L1 - b6
Disikne P L] - Bl . Tunigsten Hesafuonide  TIAIA [
ermane TEH 50 &l Enypton TO0 - 11§ Fenon [ L] - Tl
Halom@rbon 11 LT [:] - Neon (1524 il
Talommon 115 L] 0 16 Wirogen TORT i

m.mamemllmgas_mn nd
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Appendix 6 Small-size Portable Cylinders and Lecture Bottles

Lecture bottles or “portable cylinders” are small compressed gas cylinders, typically 12-
18 inches long and 2-3 inches in diameter. Content of a typical lecture bottle is around
50 standard liters — which is about ~0.7% of a full size (6909 liters) cylinder at 200 bars.
This quantity is often more than enough for many research applications. The small
guantities contained in portable cylinders limit their potential hazards. They are
therefore usually exempt from most complicated regulatory requirements.

Use of small-size, portable cylinders is highly encouraged in KAUST whenever applicable.
Nowadays, suppliers of specialty gases for research have many different sizes to choose
from. While the initial purchase cost per cubic foot may be lower when hazardous gases
are purchased in full sized cylinders the overall cost of experimental setup which may
require local ventilation, gas cabinets, stainless steel piping and purging systems may
offset the apparent saving from buying hazardous gases in full sized cylinders.

| | | | | | | | |
HIgQn Pressure Cylinders

Size R RE Q LD S K T KHF
Height 14 17 22 43 47 51 55 51
(In)

Weight
(Lbs) 11 24 46 58 61 113 139 180
Nominal
Volume | 20 40 o0 122 150 244 230 razA
(CU FT)

Use of small-size is NOT without their associated risks, especially for highly toxic gases.
In KAUST, they are exempt from most engineering controls but they still require
adequate administrative controls such as SOPs, training, etc.

Safety Requirements for lecture bottles;

(1) Inspect the lecture bottle and regulator prior to use. Never use lecture bottle or
regulators that are damaged or corroded.
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Corroded valve on a hydrogen chloride lecture bottle.

(2) Only use regulators and tubing that are appropriate for the gas. For example,
stainless steel regulators and tubing must be used for corrosive gases. Using the
wrong regulator can compromise the gas purity, cause equipment failure and cause
injury to laboratory personnel.

(3) Lecture bottles must be properly secured during use and lecture bottles containing
hazardous gases (corrosive or poison) must be used in a fume hood, ventilated
cabinet or gas cabinet.

Lecture bottle stand and work station available from Sigma Aldrich.

(4) Lecture bottles must be stored in an upright position. Lecture bottles stored on
their side are more susceptible to damage, corrosion and leaks.

(5) Segregate incompatible gases, such as flammable and oxidizing gases. Store
poisonous gases in a fume hood or a ventilated gas cabinet.

Version 2.0 June 2018 49



) ,
King Abdullah University of Science and Technology ~%
Thuwal 23955-6900 Saudi Arabia KAU ST

King Abdullah University of
Science and Technology

(6) Regulators must be removed during storage. It is a good idea to label the regulator
with the gas it is used for to prevent accidental misuse in the future.

(7) Lecture bottles must be properly labeled. Re-label the lecture bottle if the label
becomes illegible or falls off.

Example of proper lecture bottle storage.

Lecture bottle holder available from Fisher Scientific or Sigma Aldrich.

Examples of improper lecture bottle storage:
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LECTURE BOTTLE PURCHASE AND DISPOSAL

Unlike other gas cylinders, most lecture bottles are not refillable and are purchased outright by the
laboratory. Some suppliers do not take back lecture bottles. Lecture bottles are considered
hazardous waste and may be costly to dispose of. Contact whsorder@kaust.edu.sa for disposal of
old or unneeded lecture bottles. As much as possible, choose a supplier who will take back spent
lecture bottles.

Special precaution with anhydrous hydrogen fluoride

Anhydrous hydrogen fluoride reacts over time with the iron in the steel to form iron fluoride and
hydrogen. The hydrogen pressure can build up to the point where it ruptures the cylinder.
Anhydrous hydrogen fluoride lecture bottles must be disposed of within 2 years of purchase.

Old anhydrous hydrogen fluoride lecture bottle exploded in another university.
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Appendix 7 Sub-Atmospheric Containers

For many applications that required highly toxic gases such as phosphine and arsine,
commonly used as semiconductor dopants, the gases are used in minute quantities and
always under vacuum.

Researchers are encouraged to consider Sub-Atmospheric when it is compatible to their
research needs. These cylinders have pressures below one atmosphere and the gas they
contained is adsorbed in a porous material and it can only be extracted under a vacuum.
These cylinders are therefore inherently safe compared to compressed gas cylinders.

Below is a description of sub-atmospheric containers from one specialty gas supplier.

<Double click on the image to open pdf file>

Ultra-High Purity Process Gases—Isotopically Enriched "Boron Trifluoride

UpTime' Sub-Atmospheric Delivery System
A safe, cost-effective dopant gas delivery system for ion implanters

Increase productivity with the (" Features: h
UpTime= delivery system— * Sub-atmospheric delivery
0EM qualified, production proven *internal capillary flow restrictor limits flow
o 266 sccm
The UpTime* sub-atmospheric delivery dopant gas * SEMI® 52 and S8 compliant
delivery system is designed as an alternative fo * Highest equivalent-cylinder product capacity
existing adsorbent-based technology used in ion « High product utlization
implanters. Compared to the existing technology, * Robust safety features
the UpTime system offers industry leading product « Uttra-high purity gas
capacity, higher product purity and a lower cost of

The UpTime system is comprised of an internal
vacuum actuated valve in series with a specially
designed capillary flow restrictor. The UpTime
device is designed for safety with two different
types of safeguards, mechanical actuator and flow
restrictor.
The UpTime product family includes six primary
ultra-high purity gases for ion implantation —
isotopically enriched '*boron trifluoride, arsine,

ine, enriched i i
germanium tetrafluoride and silicon tetrafiuoride”

——

US Patent Numbers: 5,937 895; 6,007,609; 6,045,115
“Additional ultra-igh purty gases are avadabie upon request.
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<double - click on the image to obtain pdf file — 6 pages>
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Safetygram #30

Handling Liquefied Compressed Gas

Ganeral

Aliquefied compressed gas can be defined as

= gas, which when compressed in a container,
becomes & liquid at ordinary temperahsres and st
pressunes ranging from 25 to 2600 paig. Liquefied
gases have boiing points that range from -130 fo
30°F (90 fo —17C). At TOPF (21.1°C) the cylinder
containg both guid and gas. Cylinder pressure, or
the “vapor pressure” of the gas, i directly affscied
by mmbiant temperature. Increases or decreases in
the temperature will causs the vapor pressure to
increase of decrease, respeciiely.

Liquefied gases ars packaged undar thair own
wapaor pressure and ane shipped under rules that
limit the maximum amount that can ba put info a
containar fo allow for liquid expansion with rising
temperatures. (The vanous transportation regu-
Iatory agencies have estshiished very detailed
requirements for the filing Bmits of iguefied com-
essad gases io prevent the possbdity of con-
fior your region fior more information. )

Typical Bquefied compressed gases ane isted in
Tahle 1.

Containers

Liguefied comgressed gases come in & variety

of containers.

Because the product exists in both the iquid and
g=s phases in the contsiner, many containers ars
equipped to access both phases. This is accom-
plizhed by the use of full-length eductor tubes {dip
tubes) and goosaneck eductor tubes (see Fg. 1).

Cybnders with a full-langth eductor tubae, or what
5 sometimes called 3 full-length dip tubae, have a
tube that nns from the inlst of the cylinder vake

o the bottom of the cylinder. When a cylindaer with
this valve configuration is in the upright position,

the inlet of the tube i immarsed in bguid and the
liquid phase will be removed.

Some cylinders ane equipped with two valves: one

having a full-length eductor tube for liguid with-
drawal and the other a vaive without an eductor

fube fior gas withdrawsl or inert gas padding (see
Fig- 2 and section on Eguid-phasa withdrawal).

Another typs of valve configuration is called the
goosenack eductor tubs. The goossneck goas only
 short distance imio the cylinder and then bends
fo the eylinder sde apposite the valve outiet. In the
uprigit position, the goossneck i above the fiquid
leval and provides gas. To remove the Bguid, the
oylinder is placed on its sade with the valve outlst
facing up. This puts the gooseneck into the liquid.

#aft) Cylinder with gosseneck dip fubs,
drightl Oy linder with il tength dip fubs,

Some cylinders are squipped wilh fwo
valves, one with and one wilhouf an
sducior iuba,
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