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1.0	Scope

This document covers the operating procedures for the gas system. The system provides a 1 bar flowing O2 to the IB3 3-Zone Lindberg 1200°C tube furnace, for reacting high-temperature superconducting materials and coils (Bi2Sr2CaCu2Ox) at 890°C. To operate the furnace, refer to the Tube Furnace OP-333913. The system is comprised of a compressed gas cylinder, a two-stage gas regulator/flow meter, and tubing. This document contains information on the proper storage, handling, use and disposal of oxygen compressed gas cylinders and the associated components.

Oxygen gas cylinder and all the attachments must be treated with caution and handled in compliance with this procedure to prevent hazardous conditions.

2.0	Equipment/Materials

	2.1	



Figure 1: Schematic of a simple oxygen – furnace system that would be suitable for reacting high-temperature superconducting wires and coils

A single-furnace oxygen system often consists of a compressed gas cylinder, a gas regulator, a gas flow meter, tubing, and furnace components (Figure 1). The gas regulator reduces high gas pressure inside the cylinder, often over 2000 psi, to a low system pressure, in our case, 15-20 psi. Material selection, system design, and operation are important to prevent potential hazards, such as oxygen system fire.  Refer to the accompanying Hazard Analysis for the materials and system used. This document will focus on the safe operation rules.


3.0	Operating Procedure

3.1	Checklist for Oxygen Flow Heat Treatment

Note:	The following checklist is to be posted by the equipment in use and followed during operation.
Feedback any change or additions that may be required.

3.1.1 Inspect the gas cylinder valve for leaks before putting it into service. For the purpose utilize a gas-leak detect (soapy) solution.
3.1.2 Inspect the cylinder valve and regulator thoroughly for dust, oil and grease or check if the regulator is damaged. Wipe dusty parts with a water-damp cloth. DO NOT USE THE CYLINDER IF OIL OR GREASE IS PRESENT. Return the cylinder to the gas supplier, and inform of this condition. 
3.1.3 Make sure all system components are properly connected and the gas flow-meter knob is completely closed and the flow-meter floater is at itsrest position.
3.1.4 If steps (2-3) are ok, now you are ready to operate the system. Slowly open the oxygen cylinder valve, open the gas regulator till the output pressure is ~20 psi, and then adjust the floater to the desired flow.
Post Treatment:
3.1.5 When the heat treatment is terminated, close the cylinder valve and gas regulator.

	Guidelines

3.2 	Gas Cylinder Transport

Cylinders should only be transported on purpose designed trolleys of the correct size. A cylinder cart was purchased, labeled as “IB3 Linderberg oxygen use”. The cart is designed for transporting single cylinders (cylinder size supported 200 and 300) and features retractable rear wheels for added safety and maneuverability. 

If a cylinder is known or suspected of leaking its contents, it must be transported to the caged area outside the building and returned.

Testing for leaks can be carried out by brushing on a solution of detergent such as 1% Teepol HB7 or other proprietary leak detector solution and looking for bubbles. Cylinders with leaking valves must be returned to vendor as soon as possible. Leaking regulators must be replaced.
Anyone transporting gas cylinders must wear appropriate PPE as described in the Hazard Analysis.

A cylinder must not be lifted by its valve or cap.

Anyone transporting such cylinders must have manual handling training. A manual handling risk assessment needs to be made and significant findings recorded. A full 300 sized cylinder weighs approximately 137 lb.


3.3	Cylinder Storage

Cylinders should be always firmly secured and should never be left unsupported.


3.4 	Cylinder Return

Oxygen cylinders used in Fermilab are purchased from Airgas, which agrees to take back empty cylinder so Fermilab needs not to dispose the empty compressed gas cylinders. A cylinder is considered empty when the container pressure is at atmospheric pressure. Empty cylinders should be returned to the storage rack located outside the ICB and IB3. Maintain manufacturer labels and label the cylinder with an “empty” tag


3.5	Regulator Inspection

Only regulators labeled for oxygen gas may be used with oxygen. They contain no oil or grease. Using a regulator labeled for a different gas could result in a fire or explosion. If an oxygen regulator has been used with another gas it must never be used again with an oxygen cylinder unless it has been serviced and declared safe. Never use oil or grease.

Be certain that the materials of a pressure regulator are chemically compatible with the intended gas service before installation. Inspect the gas regulator for the proper valve inlet connection and note the ranges of the pressure gauges. Also examine the physical condition of the regulator including its threads and fittings. Remove any dust or dirt from the gas regulator or cylinder valve with a clean cloth. Do not install a gas regulator on a cylinder containing oxygen or another oxidant if grease or oil is present on the valve. Such combustible substances in contact with an oxidant can be explosive. Initiate procedures to have the equipment properly cleaned and identify the equipment to prevent usage.


3.6	Installing Gas Regulator

The gas regulator should be securely installed on the cylinder valve using the proper wrench and without forcing the connection. Do not use pipe dope, pipe thread or Teflon® tape on valve connections and never use valve connections that leak. Adapters from one valve connection to another valve are not to be used to connect equipment to a high-pressure cylinder. The gas regulator adjusting knob should be turned in the full counterclockwise or closed direction. Most Scott regulators are equipped with a needle valve in the regulator output or delivery port. This needle valve should be closed by turning its adjustment knob in the full clockwise direction. The downstream equipment connection can then be made to the gas regulator output needle valve.


3.7	Operating Regulator

3.7.1	The operator, wearing safety glasses and appropriate PPE, should stand to the side of the gas cylinder opposite the regulator and slowly open the cylinder valve until the high-pressure gauge indicates the full cylinder pressure.

3.7.2	The regulator output needle valve can be opened after it is certain that all downstream equipment is rated for pressures above the maximum regulator outlet pressure.

3.7.3	Open the gas regulator by turning its adjustment knob clockwise until the desired output pressure is indicated on the delivery gauge. After this setting is made, inspect the delivery pressure gauge to make certain that the gas regulator is providing a constant and stable output pressure.

3.7.4	Check the system for leaks by closing the downstream equipment valve, setting regulator pressure, closing the cylinder valve and turning the regulator adjusting knob one turn counterclockwise. A decrease in the high-pressure gauge will indicate a leak in the fitting where the valve connects to the cylinder or high-pressure gauge. A decrease in the low pressure gauge indicates a leak in the outlet fitting, low pressure gauge or a downstream equipment connection. Check for the exact location by using appropriate leak detection instrumentation or methods. A decrease in the high pressure gauge occurring concurrently with an increase in the low pressure gauge indicates a leak in the regulator seat. The regulator must then be repaired or returned for servicing.

3.7.5	Close the cylinder valve when the cylinder is not in use. When the downstream equipment is not being used, close the cylinder valve and open the equipment valve to remove all pressure from the regulator. Close the equipment valve and then release all tension on the gas regulator adjusting knob by turning it in the full counterclockwise direction.


3.8	Removing Regulator from Service

Close the cylinder valve fully and isolate the regulator by safely removing all gas from it. Consideration must be given to the type of gas in service and the safe removal of residual gas from the regulator or equipment. With no gas pressure in the regulator, remove all tension on the regulator adjusting knob by turning it in the full counterclockwise direction. Remove the regulator from the cylinder by using the proper wrench and protect it from damage and foreign materials. Install the protection



4.0	Emergency Shut-Down Procedure

4.1   Major  Gas Leaks
4.1.1	Evacuate the area.
4.1.2 Call 3131 and report the incident
4.1.3 Provide emergency response officials with details of the problem  

4.2   Fire Emergencies
4.2.1	Activate fire alarm.
4.2.2	Evacuate the building.
4.2.3	From a safe area, call 3131 to report the fire 
4.2.4	Provide fire and/or police officials with the details of the problem

4.3 	Non-Hazardous Minor Gas Leak
		4.3.1	Close the cylinder valve
4.3.2 Shut down equipment using gas
4.3.3 Apply LOTO as required


5.0 	Lock-Out/Tag-Out Procedure

5.1	Apply lock to the closed valve of the cylinder and verify.


6.0	Special Precautions

              6.1	Operators must review the Hazard Analysis before operating equipment.


7.0	Test Reports

7.1	Logbook of operation time, pressure, temperature
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