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SECTION 226300 – GAS SYSTEMS FOR LABORATORY FACILITIES
PART 1 -  GENERAL

1.1 SUMMARY

A. Related Documents:

1. Drawings and general provisions of the Subcontract apply to this Section.

2. Review these documents for coordination with additional requirements and information that apply to work under this Section.

B. Section Includes:

1. Stainless Steel Piping Systems

2. Copper Piping Systems

3. Automatic Changeover Regulator

4. Gas Detector

5. Modular Gas Cabinets

C. Related Sections:
1. Division 01 Section "General Requirements."
2. Division 01 Section "Special Procedures."
1.2 REFERENCES

A. General:

1. The following documents form part of the Specifications to the extent stated.  Where differences exist between codes and standards, the one affording the greatest protection shall apply.

2. Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.

3. Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.

4. Refer to Division 22 Section "Common Results for Plumbing" for codes and standards, and other general requirements.

1.3 SUBMITTALS

A. Submit under provisions of Division 22 Section "Common Results for Plumbing - Review of Materials" and Division 01 Section "General Requirements."

B. Product Data: Submit manufacturer's data for each item of equipment specified.  Include component dimensions, configurations, construction details, connection details, and power requirements.

C. Manufacturer's operating and maintenance manuals.

1.4 QUALITY ASSURANCE

A. Manufacturer shall have at least 5 years experience in the fabrication of the specified equipment.
1.5 Delivery, storage, and handling

A. Delivery: Schedule delivery of equipment so that spaces are sufficiently complete that material can be installed immediately following delivery.

B. Handling: Protect finished surfaces from soiling or damage during handling and installation.  Keep covered with polyethylene film or other protective coating.

1.6 PROJECT CONDITIONS

A. Do not deliver or install piping and equipment until the following conditions have been met:

1. Windows and doors are installed and the building is secure and weathertight.

2. Ceiling, overhead ductwork, and lighting are installed.

1.7 WARRANTY

A. Provide a 1‑year warranty against defects in materials and workmanship.

PART 2 -  PRODUCTS

2.1 STAINLESS STEEL Piping SYSTEMS (Ar and All special gas piping except co2 and n2)

A. Tubing:

1. Materials: Fully annealed, high quality, Type 316 seamless, stainless steel tubing, ASTM A269 and ASTM A632.  Hardness not to exceed RB 80.

2. Tubing shall be suitable for bending and flaring, and shall be free from scratches.

3. Minimum wall thickness:
	Tubing Size
	Wall Thickness

	1/2 inch (DN15)
	0.049 inch (1.25 mm)


B. Tube Fittings

1. Manufacturers: Swagelok Company; Solon, Ohio, Hoke Controls, Sunnyvale, California, or approved equal.  All tube fittings must be from the same manufacturer.

2. Description: Fitting shall be two ferrule flareless design.  Forgings and straights shall have a machined shoulder or hex to allow for gaging of fitting.

3. Materials: Stainless steel, Type 316 with carbon content limited to 0.05 percent.  Stainless steel straights shall be machined from bar stock material procured to ASTM A‑276.  Shapes shall be manufactured from forgings or blanks.  Stainless steel forgings shall be made from hot rolled material in accordance with ASME SA‑182.

4. Design: The fittings shall be of a "grip‑type" or "swage type" design.  Fittings shall not substantially reduce wall thickness, torque the tube during make‑up, or require disassembly for inspection after make‑up.  Tube fitting shall consist of four machined pieces.  The sealing and gripping power of the installed fitting shall be such that a compensating action between ferrules will overcome commercial variations in tubing wall thickness, hardness, and diameter specifications.

5. Gageability: Fittings shall allow for inspection for proper pull‑up, after initial make‑up, by the use of precision "no‑go" gage or spacer between the fitting nut and body.  This gage shall be designed and manufactured by the manufacturer of the tube fittings.

C. Valves:
1. Ball Valves:
a. Manufacturer: Swagelok Company, Nupro Division.

b. Model: 40 Series.

c. Description: Quarter‑turn ball valve with Type 316 stainless steel body, TFE packing, and nylon directional handle.  Provide with Swagelok tube fitting end connections and an adjustable nut for panel mounting.

d. Pressure rating: (2500 psig) (17,235 kPa) at (70 degrees Fahrenheit) (21 degrees Celsius).

2.2 co2 COPPER Piping SYSTEMS

A. Tubing:

1. Materials: Soft annealed, high quality, seamless copper tubing, ASTM B75‑99.

2. Tubing shall be suitable for bending and flaring, and shall be free from scratches.

3. Minimum wall thickness:
	Tubing Size
	Wall Thickness

	1/2 inch (DN15)
	0.083 inch (2.11 mm)


B. Tube Fittings:

1. Manufacturer: Swagelok Company; Solon, Ohio.

2. Description: Brass, two ferrule flareless design.  Forgings and straights shall have a machined shoulder or hex to allow for gaging of fitting.

3. Design: The fittings shall be of a "grip type" or "swage type" design.  Fittings shall not substantially reduce wall thickness, torque the tube during make‑up, or require disassembly for inspection after make‑up.  Tube fitting shall consist of four machined pieces.  The sealing and gripping power of the installed fitting shall be such that a compensating action between ferrules will overcome commercial variations in tubing wall thickness, hardness, and diameter specifications.

4. Gageability: Fittings shall allow for inspection for proper pull‑up, after initial make‑up, by the use of a precision "no‑go" gage or spacer between the fitting nut and body.  This gage shall be designed and manufactured by the manufacturer of the tube fittings.

C. Valves:
1. Ball Valves:
a. Manufacturer: Swagelok Company, Nupro Division.

b. Model: 40 Series.

c. Description: Quarter‑turn ball valve with a brass body, TFE packing, and nylon directional handle.  Provide with Swagelok tube fitting end connections and an adjustable nut for panel mounting.

d. Pressure rating: (2500 psig) (17,235 kPa) at (70 degrees Fahrenheit) (21 degrees Celsius).

2.3 co2 Automatic changeover regulators

A. Manufacturers

1. Matheson Gas Products, 166 Keystone Drive, Montgomeryville, PA 18936, (215) 641‑2700

2. Praxair Distribution, Inc., 810 Jorie Blvd., Oak Brook, IL 60521-2216, (630) 572‑7500

3. Scott Specialty Gases, Route 611, Plumsteadville, Pennsylvania 18949, (215) 766‑8861

4. Spectra Gases Inc., 1224 South Main Street, Pohatcong, NJ 08865, (908) 387‑0300

5. Or equal.

B. Model: Spectra Gases, 7900 Series or equal.

C. System Description: Design to furnish an uninterrupted flow of gas.  Two (2) high purity, diffusion resistant pressure regulators in a single body, primary changeover regulator design, complete with a single reset knob.  The primary changeover regulator shall be connected to an active and reserve cylinder.  The delivery pressure of one regulator shall be set higher than the other, causing the first regulator to flow gas while holding the second regulator closed.  When the gas in the first bank is exhausted, the second bank regulator shall begin to flow gas.  Changeover regulator inlet pressure gages indicate pressure in each bank.  Pressure switches for each bank sense declining pressure in the cylinder, and activate an alarm when a predetermined pressure is reached.  The primary bank of cylinders is replaced and regulator delivery pressures are reversed, causing a reverse changeover when the second bank is exhausted.  Cycle is repeated.  Provide a line regulator installed on the outlet of the primary changeover regulator to compensate for the changeover pressure variances while providing constant setting outlet pressure without pressure fluctuation.

D. Cylinder Regulator: Brass barstock body and stainless diaphragm Teflon or Kel‑F seats, metal to metal seals, high purity diffusion resistant type; rated at 3000-psi (20.7-MPa) maximum inlet pressure, 0‑100 psig outlet pressure.

E. Check Valves: Integral to the CGA connection with Viton O‑rings.

F. Gages ‑ Brass Bourdon Tube:

1. Case: 2‑1/2 inches (63.5 mm).
2. Inlet: 0 to 3000 psig (0 to 20.7-MPa)
3. Outlet: 0 to 100 psig (0 to 690 kPa)
G. Relief Valve: Teflon coated viton seat with brass body.

H. Isolation Valves: Brass, diffusion resistant stainless steel diaphragm, packless with multi‑turn handle.

I. Cylinder Leads: Dual braid stainless steel flexible type with check valves and CGA type cylinder connection.  3000-psi (20.7-MPa) maximum working pressure.

J. Pressure Switches: Switch gage, nonpowered for each cylinder bank.  Switch senses decreasing cylinder pressure to activate alarm, 10 watts dc, 12 vac max power.

K. Aluminum Back Mounting Plate: 12 inches (300 mm) wide by 16 inches (400 mm) high by 3/16 inches (5 mm) thick.  Clear anodized and functionally labeled.

L. Entire assembly shall be Helium leak checked to 10‑5 sccs outboard with a mass spectrometer.  Dead end pressure tested for 24 hours for creep.

M. Flexible Metal Hose (Pigtails)

2.4 gas detector

A. Manufacturers:

1. Matheson Gas Products, 166 Keystone Drive, Montgomeryville, PA 18936, (215) 641‑2700

2. Praxair Distribution, Inc., 810 Jorie Blvd., Oak Brook, IL 60521-2216, (630) 572‑7500

3. Scott Specialty Gases, Route 611, Plumsteadville, Pennsylvania 18949, (215) 766‑8861

4. Spectra Gases Inc., 1224 South Main Street, Pohatcong, NJ 08865, (908) 387‑0300

5. Or equal.

B. Model: The gas detection system shall be Spectra Gases Series 6402-19T or approved equal.

C. A two-point depletion detector shall be supplied for monitoring the concentration of Oxygen.  The system shall consist of a NEMA 4X alarm module and sensor transmitter.

D. The alarm system shall consist of a NEMA 4X enclosure containing one modular receivers, one power supply module and (1) audible horn.  The enclosure shall contain a hinged window to allow access to controls without tools and shall be suitable for wall or surface mounting.  The system shall monitor oxygen levels at the ranges 0-20 percent with an accuracy of +/- 1 percent.

E. The receiver module shall provide a high intensity bright digital LED display of oxygen concentration, plus alarm indicator LED'’ for Warning, Alarm and Trouble.  Two programmable alarm set points shall be provided for warning personnel of differing levels of depletion.  Oxygen depletion alarms shall be indicated by flashing LED indicators on the alarm receiver and activation of the audible horn.  The concentration of the oxygen shall be displayed directly in PPM units.  Three alarm relays shall be provided to external alarming functions.  Each alarm relay shall be independently assigned to either the low or high alarm set point, and shall also be programmable for latching and/or fail safe operation.  In addition, a separate trouble alarm shall be provided on each received to indicate the loss of signal from the sensor/transmitter or to alarm the loss of sensitivity of the gas sensor.  The receiver shall provide an isolated 4-20mA out put signal proportional to the gas concentration and shall also contain remote reset input terminals to allow alarm acknowledgement from a remote location.

F. Sensor/transmitters shall provide the gas measurement function for the system using stable electrochemical gas sensors close coupled to a digital transmitter.  One sensor/transmitter shall be supplied for each point of detection.  Sensor transmitters shall transmit gas concentration data digitally over a 2 wire connection of avoid electrical interference, and shall be capable of communicating over a minimum of 1000 feet of cable.

G. The power supply in the receiver module shall be a modular design providing DC power to the receiver module.

H. The system shall include a 12 VDC strobe.  The strobe shall use a Xenon lamp with a bright ½ million CP flashing firing 70 times/minute.  Strobe housing is weatherproof with red lens mounting to a ½” conduit.

I. The system shall include a weatherproof piezoelectric audible horn.  The horn shall operate from a 12 VDC supplied by the power supply module and is activated from of the received modules.  The horn is mounted in one of the enclosure knockouts and should produce an 85-dB signal for local alarming.

J. Specifications:

1. Measurement range shall be 0-20 percent oxygen.

2. Accuracy shall be ±1 percent of full scale.

3. Sensor type shall be electrochemical gas diffusion sensor.

4. Operating temperature shall be –5 degrees C to 55 degrees C.

5. Response time shall be 90 percent of full-scale response in less than 12 seconds.

6. Product warranty shall be one year - includes parts and labor.

7. Sensor mounting shall be remote from the electronic enclosure.

8. Display shall be bright red LED 4 digit.

9. Input power shall be 110/240VAC or 50-60Hz battery backup.

10. Standard outputs shall be 4-20mA DC.

11. Provide audible alarm and audible alarm cancel with internal buzzer and front panel.

12. Oxygen alarm relays shall be three (3) SPDT Form C contacts rated 10 A @ 30VDC/110/220VAC.  Alarm clearing is user selectable for either manual or automatic.

13. Instrument status alarm shall be 1 SPDT Form C rated identical to above.

14. Electronics control unit shall be light gray NEMA 4X polystyrene plastic with polycarbonate hinge clear front cover.  All control units shall be 6400 series.  Series number 6400-19.  Dimensions: 14.213 inch height x 140.43-inch width x 5.51 inch deep.

15. Remote sensor enclosure shall be polystyrene rated NEMA 4X.

2.5 Modular Gas Cabinets

A. Manufacturers:

1. Matheson Gas Products, 166 Keystone Drive, Montgomeryville, PA 18936, (215) 641‑2700, 
2. Praxair Distribution, Inc., 810 Jorie Blvd., Oak Brook, IL 60521-2216, (630) 572‑7500

3. Scott Specialty Gases, Route 611, Plumsteadville, Pennsylvania 18949, (215) 766‑8861

4. Spectra Gases Inc., 1224 South Main Street, Pohatcong, NJ 08865, (908) 387‑0300

5. Or equal.

B. Cabinet Construction:

1. Cabinets shall be provided for 1, 2 or 3 cylinders, as indicated on the Drawings.

2. Each gas cabinet shall be constructed of a minimum of 11 gage (2.8 mm) thick steel.  The cabinet shall be welded and coated with corrosion resistant epoxy paint.

3. Door: Full length door with automatic closer and a flush mounted door handle with lock.

4. Window: Manufactured of either 1/2 inch (12 mm) wire reinforced safety glass or 1/4 inch (6 mm) Lexan.  The window shall be hinged with automatic closer and key lock.

5. Adjustable cylinder brackets and straps shall be provided for each cylinder the gas cabinet can hold.

6. Shelves: Vertically adjustable to accommodate different sizes of standard gas cylinders.

7. Color selection by the Owner's Representative from one of the manufacturer's nonstandard colors.

C. Cabinet Accessories:

1. Sprinkler Head: UL approved, rated at 165 deg F (74 deg C).

2. The inlet air supply in the bottom of each door shall have a filter screen and fusible link to close it off upon the entry of high temperature air.

3. Each gas cabinet shall have a rubber mat on the floor of the cabinet.

4. Exhaust air shall enter at the bottom of the cabinet and sweep the complete interior of the cabinet to the smooth nonrestricting gas transition at the top of the cabinet.  A (6 inch) (150 mm) vent connection shall be provided at the top of each cabinet for connection to the building exhaust system.

PART 3 -  EXECUTION

3.1 GENERAL
A. Tubing for all cylinder gas systems shall be cleaned for oxygen service and arrive at the job site free of external oxidation, capped, and bagged.

B. All components and equipment must be suitable for high purity gas use and must be submitted for approval.

C. All system components with NPT threaded joints shall be made using Teflon tape only.

D. Gases for leak checking, and purging shall be as follows:

1. Leak Testing ‑ High Purity Helium (99.995 percent).

2. Purging ‑ High Purity Nitrogen (99.995 percent).

E. Work areas, tools, and hands shall be cleaned prior to beginning work.  Gas apparatus and tubing in use must be cleaned for oxygen service and meet CGA G‑41 cleaning guidelines.

3.2 Installation

A. Handling

1. Confirm that tubing is capped and has not been contaminated.  Make certain not to drag tubing across surfaces such as truck beds, shelves, storage racks, the floor, and/or ground of the construction site.

2. All tubing is to be cleaned to CGA G‑4.1 oxygen clean specifications prior to installation.  Solvents containing CFCs are not permitted to be used on materials related to the cylinder gas supply system.

3. Tubing outside surface shall be wiped down prior to installation.  Wipe tubing with methyl alcohol and a lint free cloth.

B. Cutting and Deburring

1. Tubing shall be cut with tubing cutters.  Care must be taken to ensure a square cut.  Do not use tubing with ends that are not cut square.

2. Deburr each piece of tubing and blow out with high pressure.  Burrs formed by the tube cutter must be removed prior to assembly to prevent damaging the system.  The deburring process will create particulates that must be removed.  Blow out tubing section after deburring with high pressure nitrogen.  Caution: Care must be taken to not direct tubing at personnel.  Personnel should wear eye protection at all times.

C. Installation Purging: Once tubing installation is begun, tubing shall be put under a positive pressure low flow purge.  When tubing installation is complete, or whenever assembly is stopped or delayed, maintain under positive pressure and cap.  Protect from atmospheric contamination, dust, and moisture.  Once installation has begun, positive pressure must be maintained on tubing at all times.

D. Tube Routing: Multiple tubes following the same paths shall be evenly spaced, run parallel and have a professional appearance.  Route tubing to avoid excess strain on joints and allow for expansion and contraction.  Exposed tubing in the laboratory shall be collected, run parallel on the same plane and with minimal spacing.  Just prior to connection to gas equipment, tubing shall be fanned out neatly using 90 or 45 degree bends.

E. Bending: Bend tubing carefully.  Main supply lines of continuous roll tubing may be hand bent in large radius.  Tubing must not be used if it kinks, flattens or wrinkles; wherever tubing will be exposed a tube bender must be used.  All exposed tube bends must be uniform with no kinks, flats, or wrinkles.

F. Tubing Connections

1. Joints used to create branches in continuous runs shall be made with mechanical fittings.  Each joint/fitting must be numbered, and its location logged for the purposes of routine maintenance and annual leak checking.

2. Mechanical fittings shall be used to created branches off of main supply lines, and to connect valves, and gas equipment.  All mechanical fittings shall be Swagelock.

3.3 Piping Identification
A. In accordance with Division 22 Section "Identification for Plumbing Piping and Equipment."
3.4 Testing

A. Gross Pressure Test: Pressurize the system to 100 psig and close regulator shutoff valve.  Wait five minutes for pressure to settle and monitor pressure for 1/2 hour for gross leaks.  If system loses pressure, ensure that all connections and fittings are properly tightened and repeat.  If system pressure holds, continue with leak test.

B. Leak Test

1. Seal off system.  Pressurize with helium to 1.5 times the intended operating pressure or to the maximum pressure of the lowest pressure rated component of the system, whichever is less.

2. Using a suitable electronic leak detector such as Matheson Leak Hunter Model 8066, check each joint, fitting, and component for leaks.  Hold the leak detector for a minimum of 10 seconds at each possible leak point.  Leak detection solutions.  If a leak is detected take corrective action necessary.  If no leaks are detected maintain pressure and continue on to pressure decay test.

C. Pressure Decay Test: A +/‑0.25 percent accuracy pressure gage should be used to monitor pressure drop.  No pressure loss should be evident to certify as having passed the leak test.  If system loses pressure, repeat the Leak Test.  When certified as leak tight, maintain positive pressure, and cap tubing.

D. Cross Connection Test: Prior to connection of gas equipment the system shall be tested to determine that no cross‑connection of piping systems exists.  Each gas system shall be pressurized independently and each end point checked to confirm proper connections.  Each end point shall be labeled to confirm gas and completed test.

3.5 Equipment Installation

A. Connection of gas equipment at the supply end or the use end shall not be made until all construction and cleanup are complete.

B. Follow manufacturer's installation guidelines for all equipment.  Whenever possible, care shall be taken to keep the supply system under positive pressure.  Isolation valves shall be used to allow segmental installation.

C. Equipment Leak Testing

1. All gas system equipment shall be tested and certified as leak tight to a helium leak rate of 2x10‑8 scc/sec from manufacture.  Where equipment inlets or outlet connect to gas supply system piping, each connecting joint will be checked with an electronic leak detector to confirm as leak tight.

2. For gas supply systems with CGA connections different than helium (CGA 580), temporary adapters can be used to connect helium to system CGA inlets.  Caution: Do not connect high pressure cylinders to system inlets that are designed for low pressure supply, such as systems to be supplied by liquid argon or liquid nitrogen.

3.6 Purging

A. Purging shall be done immediately prior to system startup.  Bypass or remove purifiers or other equipment that could be adversely affected before leak purging.  Purge each gas system with nitrogen to eliminate contamination prior to startup.  Purge each leg of the gas supply system making sure that all valve and regulator is open.  For systems with multiple outlets ensure that each branch is purged using the specifications listed below.

B. Static Purge

C. Pressurization system with nitrogen to 100 psig.  Maintain pressure for 10‑15 minutes then slowly depressurize to not less than 10 psi.  Repeat cycle 8‑10 times to purge all possible entrapment or dead legs.  Once static purge is complete maintain positive pressure.

D. Dynamic Purge and Purity Certification

1. Purge nitrogen shall be certified by supplier or analyzed for oxygen content prior to use.  Purge nitrogen shall contain less than 5 PPM oxygen.

2. System certification shall be complete when the system, under nitrogen purge, demonstrates an oxygen contamination of not more than 2 PPM above the known beginning oxygen content of the purge gas.  System is to be sampled using an oxygen analyzer sensitive to 1 PPM or lower.  Analyzer to be calibrated prior to use on project and certification of calibration must be supplied.  Each system is to be sampled at outlet ports furthest from the supply source.  A minimum of one out of every ten outlet ports must be sampled to certify system.

3. Each system is to be purged through all source supply equipment, such as manifolds, switchovers, regulators, cylinder pigtails, etc.  Source supply equipment should operate under normal delivery pressure settings.  For gas supply systems with CGA connections different than nitrogen (CGA 580), temporary adapters can be used to connect nitrogen to system CGA inlets.

4. For each gas system, set downstream (point‑of‑use) pressure regulators to approximately 5 psi to allow and maintain a free flow of purge gas.  Open each outlet control valve or the last valve downstream in each gas system in each lab.  Note: It may be necessary to purge one lab at a time to keep overall purge gas flow rate to manageable level and for safety reasons.  Purge each system through all system outlets for a minimum of 4 hours.  When purge is completed for each lab, close outlet valve, reduce regulator delivery pressure to zero, and tag each valve as "Purge Completed".

3.7 Records

A. Provide complete log records of work as it was completed.  Log records shall include all relevant information and date and time for both start and finish of each installation step, including:

1. Tubing samples submitted

2. All pass/fail evaluations

3. All fitting locations and record of leak test

4. Gross Pressure Test

5. Outboard Leak Test

6. Pressure Decay Test

7. Cross Connection Test

8. Equipment Installation

9. Equipment Installation Leak Test

10. Static Purge

11. Dynamic Purge

12. Oxygen Analysis

13. Each System Startup/Turnover/Training

14. All test results

15. Gas pressure, Gas, Grade of gas

16. Names of technicians for all completed work and/or rework

17. Relevant explanatory notes

END OF SECTION 226300
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