	BJC HEALTHCARE Project No. XX-XXXX
	BJC HEALTHCARE PROJECT NAME

	AE Name 
	Issue Description 

	AE Project No.
	Month, 00, 0000



SECTION 22 60 53 – Laboratory Vacuum and Gas Piping 
PART 1 -  GENERAL 

1.01 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section. 

B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.  

1.02 SUMMARY 

A. This section includes the furnishing of all labor and materials necessary for complete installation, cleaning, testing and certification of laboratory vacuum, and gas distribution and monitoring systems, including; piping, inlets, outlets, alarms, valves, supports, labeling, identification and all related accessories. Laboratory gas systems include Oxygen, Compressed Air, Carbon Dioxide and Nitrogen.

1.03 REFERENCE STANDARDS 
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date. 
B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project. 
C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within the following references: 
1. NFPA 99
Standard for Health Care Facilities.

2. NFPA 70ASTM B819
Seamless Copper Tube for Medical Gas Systems.

3. AWS A5.8
Brazing Filler Metal.

4. CGA V‑5
Diameter Index Safety System.

D. Comply with all Federal and State regulations applicable to this installation.

1.04 QUALITY ASSURANCE 
1. All materials, equipment, installation, testing and certification shall be in strict accordance with NFPA 99 for Level 1 Medical–Surgical Vacuum, WAGD and Gases.

2. Manufacturer’s name and pressure rating shall be permanently marked on valve body.

3. Products of same type shall be by one manufacturer. All valves, valve boxes, inlets, outlets, alarms and associated components shall be supplied by a single manufacturer and shall be fully compatible with existing system and service devices.

4. Verify compatibility of all new components with existing system and services.

5. Maintain one copy of each Contract Document on Site.

6. Prior to any installation Work, the installer of laboratory vacuum and gas piping shall provide and maintain documentation on the job Site for the qualification of brazing procedures and individual brazers as required by NFPA 99.

1.05 SUBMITTALS 
A. General:

1. All submitted data shall be specific to this project and identified as such. Generic submittal data will not be accepted.

B. Product Data: 
1. Manufacturers descriptive literature, illustrations and installation instructions for all components included within this project indicating compliance with applicable referenced standards, size, dimensions, model number, electrical characteristics and connection requirements.

C. Shop Drawings:

1. Wiring diagrams for laboratory vacuum and gas alarm systems. Differentiate between manufacturer-installed and field-installed wiring.

D. Record Documents: 
1. Record actual locations of piping, valves, alarm sensors, alarm panels, station inlets and outlets.

2. Prepare and provide valve charts.

3. Provide record of test procedures and the results of all tests indicating room and area designations, dates of the tests, and names of persons conducting the tests.

4. Brazer Certificates: Installation Contractor shall present written documentation (less than 1 year old) from a recognized agency trained in administering and testing brazing techniques as per AWS B2.2 or ASME Section IX, certifying that all brazers have been thoroughly trained and tested in the complete installation of medical gas systems.

5. Product Certificates: The installer shall furnish documentation certifying that all installed pipe, valves, fittings, station outlets, and other piping components in laboratory gas systems shall have been cleaned for oxygen service in accordance with CGA 4.1, Cleaning Equipment for Oxygen Service and NFPA 99. Submit letter signed by manufacturer certifying that copper tubing complies with NFPA 99. Submit letter from manufacturer stating that station outlets and inlets are designed and manufactured to comply with NFPA 99. Outlet and inlet shall bear label of approval as an assembly, by Underwriters Laboratories, Inc., or Associated Factory Mutual Research Corporation.

6. Inspection and Test Reports: Furnish documentation that all installer inspections and tests required by NFPA 99 for Level 1 Medical–Surgical Vacuum, WAGD and Gases have been performed. Identify test type, procedure and results.

7. Independent Third Party System Verification Testing Agency Reports and Certification: Documentation verifying that completed systems have been installed, tested, purged, and analyzed in accordance with the requirements of referenced standards and contract documents. Provide copy of agency’s written Q-91 standards.

8. Provide full written description of manufacturer’s warranty.

E. Operation and Maintenance Data: 
1. Operation Data: Include manufacturer’s installation and operating instructions.

2. Maintenance Data: Servicing and testing requirements, inspection data, exploded assembly views, Record Documents, inspection data, test reports, installation instructions, replacement part numbers and availability, location and contact numbers of service depot.
1.06 delivery, storage and handling

A. Tubes, valves, fittings, station outlets, and other piping components in laboratory gas systems shall have been cleaned for oxygen service by the manufacturer prior to installation in accordance with CGA 4.1, Cleaning Equipment for Oxygen Service, except that fittings shall be permitted to be cleaned by a supplier or agency other than the manufacturer.

B. Each length of tube shall be delivered plugged or capped by the manufacturer and kept sealed until prepared for installation.

C. Fittings, valves, and other components shall be delivered sealed, labeled, and kept sealed until installation.

D. Where contamination is known to have occurred, the materials affected must be removed and replaced with new materials that are cleaned and sealed by the manufacturer or supplier. 

1.07 qualifications

A. General: Companies specializing in manufacturing, installing, testing, certifying and servicing the products and systems specified in this Section shall have minimum five (5) years documented experience and be certified..

B. Manufacturers: Firms regularly engaged in manufacture of medical vacuum and gas systems equipment and products, of types, materials, and sizes required, whose products have been in satisfactory use in similar service for not less than five (5) years. References may be required.

C. Equipment Supplier: The laboratory vacuum and gas systems equipment supplier shall provide the services of a manufacturer authorized product specialist to periodically coordinate with the installing Contractor during initial installation of the pipeline systems and have a service organization located within 50 miles of the Project Site to provide ongoing service support to BJC HealthCare after project completion.

D. Installer: Firm with at least five (5) years of successful installation experience on projects with medical vacuum and gas systems work similar to that required for Project. All installations of the piping systems shall be done only by, or under the direct supervision of a holder of a master plumber/pipefitter license or a journeyman plumber/pipefitter license with a medical gas piping installation endorsement issued by the AHJ. All installers of laboratory vacuum and gas system components must be qualified in accordance with the requirements of NFPA 99 and ASSE 6010, Medical Gas Systems Installers Professional Qualifications Standard. In addition, all brazers of laboratory gas system piping must be qualified in accordance with the requirements of either Section IX, Welding and Brazing Requirements of the ASME Boiler and Pressure Vessel Code, or AWS B2.2, Standard for Brazing Procedure and Performance Qualification.

E. System Verification Testing Agency: Testing shall be conducted by a party technically competent and experienced in the field of medical gas and vacuum pipeline testing and meeting the requirements of ANSI/ASSE Standard 6030, Medical Gas Verifiers Professional Qualifications Standard. Quality control standards of testing agency shall be in strict accordance with American National Standards Institute (ANSI) Q-91. Firm shall be regularly engaged in the testing and certification of similar facilities with a minimum of five (5) years of experience.
F. Installer of axially swaged fittings shall be certified by a recognized agency trained in administering axially swaged fitting installation techniques. Installation Contractor shall present written documentation of certification (less than 3 years old).  

1.08 laboratory GAS PIPE "HOT-TAP" PROCEDURE
A. Connections to active laboratory gas piping may be performed only when approved in writing by and closely coordinated with the Owner.
B. Connections shall be performed by a firm specializing in "Hot-Tapping" existing active laboratory gas piping systems.
C. The procedure shall incorporate blocking valves, blocking glands, pneumatic end seals and employ a cryogenic compression fitting technology that is approved by The National Fire Protection Association and manufactured for use on medical gas and vacuum pipe systems.
D. Cryogenic compression fittings shall be ASTM F 2063, nickel-titanium, shape-memory-alloy, manufactured cleaned, purged, and sealed for oxygen service according to CGA G-4.1. Memory-metal fittings shall be tested and rated to burst pressure of the copper pipe, approximately 7500 psig. The coupling shall meet or exceed the standard for a brazed joint and not generate any contamination during installation.
E. Couplings shall be applied without the use of heat and shall provide a permanent, leak-free, metal-to-metal seal between the coupling and the tubes or pipe throughout the life of the joint.
F. Redundant components shall be available during the procedure for re-installation purposes.
G. Acceptable Medical Gas "Hot-Tapping" Vender:
1. Smart Tap, Inc. - P.O. Box 277 - 415 Main Street - Oley, PA 19547 - Ph: 610-987-3001

1.09 scheduling

A. Schedule Work to ensure installation is complete, tested and certified prior to Substantial Completion.

PART 2 -  PRODUCTS 

2.01 GENERAL 
A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction. 
2.02 pressurized laboratory gas piping

A. All pipe shall be Type "K", ASTM B819, hard drawn seamless copper medical gas tubing. Pipe shall be identified by the manufacturer’s markings, “OXY,” “MED,” or “OXY/MED” and with size designated reflecting nominal inside diameter.

B. Turns, offsets, and other changes in direction shall be made with brazed wrought copper capillary fittings complying with ANSI B16.22, Wrought Copper and Copper Alloy Solder-Joint Fittings; or brazed fittings complying with MSS SP-73, Brazed Joints for Wrought and Cast Copper Alloy Solder Joint Pressure Fittings. Cast copper alloy fittings shall not be permitted.

C. Brazed joints shall be made using a brazing alloy that exhibits a melting temperature in excess of 538 degrees C (1000 degrees F). Copper-to-copper joints shall be brazed using a copper–phosphorus or copper–phosphorus–silver brazing filler metal (BCuP series) without flux. Flux shall only be used when brazing dissimilar metals such as copper and bronze or brass, using a silver (BAg series) brazing filler metal. Brazing alloy comply with ANSI/AWS A.5.8, Specification for Brazing Filler Metal.

D. Threaded joints in laboratory gas distribution piping shall be limited to connections to pressure/vacuum indicators, alarm devices, and source equipment. All threads shall be tapered pipe threads complying with ANSI B1.20.1, Pipe Threads, General Purpose and be made up with polytetrafluoroethylene (such asTeflon™) tape or other thread sealant recommended for oxygen service, with the sealant applied to the male threads only. Where threaded nipples are required these shall be I.P.S. brass.

E. The use of shape memory alloy couplings is may be used when making connections to existing piping sizes 2 inches and smaller. Memory-metal couplings shall have temperature and pressure ratings joints not less than that of a brazed joint. Shape memory alloy couplings shall be manufactured by TW Metals “CryoMed” or Aerofit “CryoFit”.

F. The use of brass axially swaged, elastic strain preload fittings may be used when making connections to existing piping sizes 2” and smaller. Non-braze fittings shall provide metal to metal seal having pressure and temperature ratings not less than that of a brazed joint and when complete are permanent and nonseparable. Axially swaged fittings shall be cleaned and sealed for oxygen service and manufactured by Lokring Technology LLC.

G. Straight-threaded connections, including unions, flared and compression-type connections, including connections to station outlets and inlets, alarm devices, and other components shall not be permitted.

H. All pipe and fittings shall be supplied cleaned and sealed for oxygen service.

2.03 laboratory vacuum piping

A. All vacuum piping sizes 1-1/2 inches and smaller shall be as specified for pressurized laboratory gas pipe. Vacuum pipe sizes 2 inches and larger shall be Type "K" or “L” hard-drawn seamless copper, either ASTM B 819 medical gas tube or ASTM B 88 water tube.

B. Turns, offsets, and other changes in direction shall be made with brazed wrought copper capillary fittings complying with ANSI B16.22, Wrought Copper and Copper Alloy Solder-Joint Fittings; or brazed fittings complying with MSS SP-73, Brazed Joints for Wrought and Cast Copper Alloy Solder Joint Pressure Fittings. Cast copper alloy fittings shall not be permitted.

C. Brazed joints shall be made using a brazing alloy that exhibits a melting temperature in excess of 538 degrees C (1000 degrees F). Copper-to-copper joints shall be brazed using a copper–phosphorus or copper–phosphorus–silver brazing filler metal (BCuP series) without flux. Flux shall only be used when brazing dissimilar metals such as copper and bronze or brass, using a silver (BAg series) brazing filler metal. Brazing alloy comply with ANSI/AWS A.5.8, Specification for Brazing Filler Metal.

D. Threaded joints in laboratory vacuum distribution piping shall be limited to connections to pressure/vacuum indicators, alarm devices, and source equipment. All threads shall be tapered pipe threads complying with ANSI B1.20.1, Pipe Threads, General Purpose and be made up with polytetrafluoroethylene (such asTeflon™) tape or other thread sealant recommended for oxygen service, with the sealant applied to the male threads only. Where threaded nipples are required, these shall be I.P.S. brass. Close nipples shall not be installed.
E. The use of shape memory alloy couplings may be used when making connections to existing piping sizes 2 inches and smaller. Memory-metal couplings shall have temperature and pressure ratings joints not less than that of a brazed joint. Shape memory alloy couplings shall be manufactured by TW Metals “CryoMed” or Aerofit “CryoFit”.

F. The use of brass axially swaged, elastic strain preload fittings may be used when making connections to existing piping sizes 2” and smaller. Non-braze fittings shall provide metal to metal seal having pressure and temperature ratings not less than that of a brazed joint and when complete are permanent and nonseparable. Axially swaged fittings shall be cleaned and sealed for oxygen service and manufactured by Lokring Technology LLC.
G. Mechanically formed, drilled and extruded tee-branch connections shall not be permitted.

H. Couplings and fittings incorporating an o-ring seal shall not be permitted.

I. Roll-grooved joints shall not be permitted.

J. Straight-threaded connections, including unions, flared and compression-type connections, including connections to station outlets and inlets, alarm devices, and other components shall not be permitted.

2.04 laboratory vacuum and gas valves

A. General:

1. All valves for pressurized gases and valves for vacuum services 1-1/2 inches and smaller shall be supplied cleaned and sealed (bagged) for oxygen service by the manufacturer.

2. Valves for vacuum service sizes 2 inches and larger will not be required to be cleaned and sealed for oxygen service.

3. Provide quantity and size of valves as indicated on Contract Drawings and as required by NFPA 99.

4. Laboratory vacuum and gas valves, zone valve boxes and related accessories shall be manufactured by BeaconMedaes.

B. Source, Main, Riser and Service Line Shut-off Valves: 

1. Shut-off valves shall be full port, double seal, ball-type three piece design, designed for vacuum to 29 inches Hg and working pressures up to 600 WOG with bronze/brass body, blow-out proof stem and chrome plated brass ball and be serviceable in the line. Valve body shall have Teflon (TFE) material ball seat and stem seals. Seats/seals, lubricants and valve material shall be compatible with oxygen, nitrous oxide, compressed air, carbon dioxide, nitrogen and mixtures thereof at continuous pressure up to 600 psig and up to 100 degrees Fahrenheit.

2. Valve shall be provided with and operated by a lever-type handle requiring only a quarter turn from a fully open position to a fully closed position.  

3. All valves shall be equipped with type "K" washed and degreased copper pipe stub extensions at both the inlet and outlet sides of the valve port to facilitate installation.  On outlet pipe stub provide 1/8 inch FPT tap with plug to accept gauge or nitrogen purge connection. Stub extensions shall be supplied to Site capped at both ends

4. Valve tags showing the appropriate gas services, pressure rating, etc. shall be attached to each valve.

5. Each shut-off valve shall be provided with locking kit.

C. Zone Valve and Box Assemblies:

1. Each zone valve cabinet shall be recessed type and consist of the following components: A steel valve box housing single or multiple shut-off ball valves with tube extensions, an aluminum frame, and a pull-out removable window. Boxes shall be provided to accommodate size and type of vacuum and gas valves as indicated on Contract Drawings.

2. The valve box shall be constructed of 18 gauge steel complete with a white epoxy finish and provided with (2) two galvanized steel brackets for the purpose of mounting to structural support. The assembly trim shall accommodate various finished wall thickness of up to one inch and be field adjustable. Cabinets shall be designed to permit box assemblies to be ganged together in a vertical stack.

3. The doorframe assembly shall be constructed of anodized aluminum mounted to the back box assembly by screws as provided and shall have a sliding removable front consisting of an opaque door with a pre-mounted pullout ring and clear gauge window. Access to the zone shut-off valves shall be by merely pulling the ring assembly to remove the window from the doorframe. The window shall be capable of re-installation without the use of tools and only after the valve handles have been returned to the open position. The window shall be labeled "Caution – Laboratory Gas Shut-Off Valve - Close Only in Emergency", or equivalent wording in accordance with NFPA 99.

4. Valves shall be same as specified herein for line shut-off valves except locking devices are not required.

5. Each valve shall be supplied with an identification bracket bolted directly onto the valve body for the purpose of applying an approved identification label. A package of labels shall be supplied with each valve box assembly for application by the installer.

6. All valves shall be securely attached to the box and provided with with Type "K" washed and degreased copper pipe stub extensions of sufficient length to protrude beyond the sides of the box for connection to system piping. All pipe stub extensions shall be supplied with 1/8 inch NPT gauge port located on the terminal outlet side of the valve to register pipeline pressure or vacuum. Suitable plugs or caps shall be installed by the manufacturer to prevent contamination of the assembly prior to installation.

7. Gauges shall be minimum 1-1/2 inch diameter, with metal case and ring, and an 1/8 inch NPT brass stud at the back of the gauge for the purpose of mounting onto pipe stub extension within the box. The pipe stub extension shall be complete with a soldered gauge holder. Gauge holders shall be sealed with a brass plug to prevent contamination prior to mounting gauges. Pressure gauges shall read 0-700 kPa (0-100 psig) for all gases except nitrogen, which shall read 0-2000 kPa (0-300 psig), and vacuum, which shall read -100-0 kPa (0-30 inches Hg). Gauges shall be visible through the door of the zone valve box.

2.05 service inlets and outlets

A. General:

1. Inlets and outlets shall be UL listed and conform to applicable NFPA and CGA standards.

2. Inlets and outlets shall consist of separate roughing-in and finish assemblies and be modular in design for wall recessed type installation and attachment to concealed piping. 

3. For positive pressure gas services, the outlet shall be equipped with a primary and secondary check valve. The secondary check valve shall be rated at a minimum 1379 KPa (200 psi) in the event the primary check valve is removed for maintenance.

4. The roughing-in assembly shall be corrosion resistant with a permanent pin-keying system for each specific gas and be provided with a Type "K", 1/2 inch outside diameter, 6-1/2 inch long copper inlet pipe stub, which is silver brazed to the outlet body. The copper tubing inlet shall rotate 360 degrees to allow connection from any direction. The assembly shall allow pressure testing without additional labor to remove plug or adapter after testing.

5. The finishing assembly shall contain a primary check valve, pin-key indexing, a minimum of 2.5 square inches of color coding and incorporate a plaster adjustment from 3/8 inch to 3/4 inch variation in wall thickness.  Design shall be such as to ensure absolutely no gas flow until the correct adapter is fully engaged. Each assembly shall have a separate cover plate for ease of service without preventing use of other inlets or outlets.

6. All inlets and outlets shall be factory assembled, tested, cleaned for oxygen service, and supplied with temporary protective covers and packages to protect outlet during handling and installation at the jobsite.

7. Inlets and outlets and related accessories shall be manufactured by BeaconMedaes.

B. Wall Inlets:

C. Wall Outlets:

D. Ceiling Inlets and Outlets with Hose Drops:

E. Casework Inlets and Outlets:

2.06 laboratory vacuum and gas alarms

A. General:

1. Provide master alarms for source equipment as indicated on Contract Drawings and as required by NFPA 99.

2. Provide area alarms for station inlets and outlets as indicated on Contract Drawings and as required by NFPA 99.

3. Alarms shall provide signals as required by the latest edition of NFPA 99.  Alarms shall be listed to UL 1069 and CSA C22.2 NO 601.1-M90 and comply with the following electromagnetic compatibility standards: FCC Part 15 Class A, ICES 003 Class A, EN 61326, EN 61000-3-2 and EN 61000-3-3.  All field wiring and signals shall be self-monitoring and on a closed circuit. Fault signals shall activate on an open circuit.   

4. Input power to the alarm panel shall be 100 to 250 VAC 50/60 Hz, double fused on the input side.  An internal power supply shall convert the input voltage to low voltage +5 and +24 VDC. All user accessible electronics and wiring shall utilize low voltage.  A guard must be removed to access the high voltage wiring.

5.  A green front panel POWER ON indicator shall illuminate when the alarm panel is powered. Each monitored condition shall have a separate red indicator illuminated when in alarm.  A red indicator on the alarm silence button shall be illuminated after any audible alarm has been silenced.

6.  Each panel shall provide an audible signal activated by digital display modules or multi-signal alarm modules. The audible signal shall produce a minimum sound pressure level of 90 dBA measured at a distance of 3 feet.  The alarm panel shall contain alarm silence, test, and setup buttons.

7.  Each panel shall include a general fault relay for the entire panel, an RS-485 data port and an additional auxiliary relay.

8. Laboratory vacuum and gas alarm panels, sensors and related accessories shall be manufactured by BeaconMedaes.

B. Area Alarms 

1. Area alarm panels shall be provided to monitor laboratory gas and vacuum systems supplying animal procedure rooms, and other critical areas where indicated on Contract Drawings.

2. Digital display modules shall provide a digital LED display continuously indicating the pressure or vacuum in the piping system being monitored.  The brightness of the LED display shall be adjustable to compensate for ambient lighting. The display shall be programmable to read psig, in Hg, mm Hg, or kPa in increments of 1 psig, 1 in Hg, 1 mm Hg, or 1 kPa respectively.

3. The digital display module shall provide an audible and visual signal when a fault condition occurs.  A front panel alarm mute button shall be provided to silence the audio.  A visual signal shall flash until the alarm silence button is pressed, and shall then remain statically illuminated.  The visual signal shall automatically cancel when the fault is corrected.

4. Separate visual signals for system pressure or vacuum are NORMAL (green LED), LOW (red LED), and HIGH (red LED).  Signal limits are factory set per NFPA 99 and field programmable without the use of tools.  Pressing and holding the front panel TEST button initiates a self-test function to test the LED display, visual indicators, audible alarm, and to view the alarm set points.

5. Each digital display module shall be equipped with separate relays for high and low alarms.  Relays shall be single-pole double-throw type (30 VAC/VDC 2A max). Digital readings from one display module shall be capable of being monitored by another digital display module at a remote panel.

6. A sensor module shall be provided for each digital display module. Sensor modules shall contain a transducer capable of providing calibrated signals to the digital display module.  Sensor modules shall be gas specific.  The alarm panel shall be factory configured for sensor mounting within the alarm panel rough-in box (local sensors) or mounting above ceiling directly to the pipeline (remote sensors).  Remote sensors may be located up to 1524 m (5,000 feet) from the alarm panel.

7. Pipeline connections shall be 3/8 inch nominal (1/2 inch OD) Type “K” copper tube.  Connectors shall be provided for attaching field wiring.  Sensors shall be gas specific for periodic testing without interrupting gas pipeline pressures or vacuum.

C. Master Alarms 

1. A master alarm system shall be provided to monitor the operation and condition of the source of supply, the reserve source, and the pressure in the main lines of each laboratory vacuum and gas piping system. The master alarm system shall consist of two or more alarm panels located in at least two (2) separate locations as required by NFPA 99.

2. Each Multi-signal alarm module shall be capable of monitoring up to five (5) dry-contact signals.  Each signal shall illuminate a green LED to indicating normal conditions.  When a fault occurs, the green LED shall turn off, a red LED shall illuminate, and an audible alarm shall sound.  The red LED shall flash until the front panel alarm silence button is pressed.  After the alarm silence button is pressed, the red LED shall remain statically illuminated.  The red indicator shall automatically turn off and the green LED shall illuminate when the fault is corrected.

3. LED illumination for unused signals shall be deactivated in the field.  Field programming shall be accomplished without the use of tools. Pressing and holding the front panel TEST button shall initiate a self-test function to test the LED indicators and audible alarm. The multi-signal module shall be supplied with five, dry-contact, normally closed relays for connection to a building automation system.  Relay ratings shall be 30 VAC/VDC 2A max.

4. A blank overlay shall be used to fill unused alarm panel locations and/or reserve a module location for future expansion. It shall be removable for installing additional modules.

D. Vacuum and Pressure Switches 

1. Switches shall incorporate UL listed single-pole, double-throw, and snap-action switching elements. Switch shall automatically reset.

2. Switches shall be housed in a watertight NEMA 4 enclosure with tamper-resistant external adjustment.

3. Signal setting for low vacuum shall be at 12 inches HG.

4. Signal settings for all pressure gases except Nitrogen shall be; Low – 40 psig, High – 60 psig.

5. Signal settings for Nitrogen gas shall be; Low – 140 psig, High – 190 psig.

E. Pressure switches shall be cleaned and sealed for oxygen service.
2.07 line gauges

A. General:

1. Gauges shall comply with ANSI/ASME B-40.1 and be constructed of materials compatible with medical vacuum and gas applications.

2. Gauge housings shall be drawn steel with black, corrosion-resistant paint. Dial shall be 4-1/2 inch in diameter with white background and black markings. Pointer shall be aluminum with black finish. Gauge movement shall be brass construction. Bottom of gauge shall be provided with ¼ inch – 18 NPT – 2A brass connection.

3. Provide Diameter Index Safety System connection kits with all appropriate fittings for connecting gauges to pipelines.

4. Laboratory vacuum and gas line gauges and DISS connection kits shall be manufactured by BeaconMedaes.
B. Vacuum Line Gauges 

1. Vacuum bourbon tube shall be beryllium copper and soft soldered.

2. Gauge shall register 0 – 30 inches HG.

C. Pressure Line Gauges 

1. Pressure bourbon tube shall be phosphor bronze and soft soldered.

2. Gauge shall register 0 – 100 psig for all laboratory gases except Nitrogen.

3. Gauge shall register 0 – 300 psig for Nitrogen gas.

4. Gauges for positive pressure gases shall be cleaned and sealed for oxygen service.

2.08 underground warning tape)

A. Minimum 3 inch wide polyethylene detectable type marking tape. The tape shall be resistant to alkalis, acids and other destructive agents found in soil and impregnated with metal so that it can be readily recognized after burial by standard locating equipment.

1. Lamination bond of one (1) layer of Minimum 0.35 mils thick aluminum foil between two (2) layers of minimum 4.3 mils thick inert plastic film.

2. Minimum tensile strength: 63 LBS per 3 IN width.

3. Minimum elongation: 500 percent.

4. Provide continuous yellow with black letter printed message repeated every 16 to 36 inches warning of pipe by specific name buried below (e.g.: "CAUTION OXYGEN LINE BURIED BELOW").

5. Manufactured by Reef Industries “Terra Tape” or approved equal. 

PART 3 -  EXECUTION 

3.01 INSTALLATION 
A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction. 
B. All installation shall be in accordance with manufacturer’s published recommendations.
C. Exercise great care in the storage and handling of all materials and in the condition of tools used in cutting and reaming to prevent oil or grease or any contaminants from being introduced into tubing. The interior surfaces of tube ends, fittings, and other components that were cleaned for oxygen service by the manufacturer, but become contaminated prior to being installed, shall be recleaned on-Site by the installer by thoroughly scrubbing the interior surfaces with a clean, hot water–alkaline solution, such as sodium carbonate or trisodium phosphate 450 g to 11 L (1 lb to 3 gal) of potable water and thoroughly rinsing them with clean, hot potable water. Material that has become contaminated internally and is not clean for oxygen service shall not be installed.

D. The exterior surface of all tubes, joints and fittings shall be cleaned prior to brazing with non-abrasive pads by washing with hot water after assembly to remove any surface oxides or excess flux and provide for clear visual inspection of brazed connections. A visual inspection of each brazed joint shall be made to assure that the alloy has flowed completely around the joint at the tube-fitting interface. Where flux has been used, assure that solidified flux residue has not formed a temporary seal that could hold test pressure.

E. Apply flux sparingly to the clean tube only and in a manner to avoid leaving any excess inside of completed joints. (NOTE: Ensure proper ventilation. Some BAg series filler metals contain cadmium, which, when heated during brazing, can produce toxic fumes.)

F. Joints shall be brazed within one (1) hour after the surfaces are cleaned for brazing.

G. While being brazed, all vacuum and oxygen piping joints shall be continuously purged with oil-free, dry Nitrogen to prevent the formation of copper oxide on the inside surfaces of the joint. The purge shall be maintained until the joint is cool to the touch. The final connection of new piping to an existing, in-use pipeline shall be permitted to be made without the use of a nitrogen purge.

H. Bury all underground piping at least three (3) feet below finished grade and fully encase within schedule 40 PVC piping sleeve. Provide a continuous detectable warning tape immediately above buried lines. Warning tape shall clearly identify the pipeline by specific name. A continuous warning means shall also be provided on tamped backfill above the pipeline at approximately one-half the depth of bury.

I. Do not install piping in the same trench with other buried utilities. The minimum horizontal clearance between laboratory pipe and parallel buried utility pipe shall be eight (8) feet. Do not install pipe through catch basins, vaults, manholes or similar underground structures.

J. Piping shall not be installed in kitchens, electrical switchgear rooms, elevator shafts, and areas with open flames.

K. Memory-metal couplings shall not be installed within eight inches of a brazed joint.

L. Shut-off valves installed for future connections shall be provided with downstream piping closed with a brazed cap and sufficient tubing allowance for cutting and re-brazing.

M. Branch takeoffs from horizontal piping shall be taken off above the centerline of the main or branch pipe and rise vertically or at an angle of not less than 45 degrees from vertical.

N. Support all piping in accordance with NFPA 99 and Specification Section 15140.

O. Pressure and vacuum indicators shall be readable from a standing position.

P. Zone valve boxes shall be installed where they are visible and accessible at all time and readily operable from a standing position in the corridor on the same floor they serve.

Q. Area alarm panels shall be located where indicated on Contract Drawings at a nurse’s station or other location that will provide for continuous responsible surveillance.

R. Locate master alarm panels shall where indicated on Contract Drawings in at least two (2) separate locations as required by NFPA 99.

S. All alarm panels shall be mounted at a height allowing monitoring and operation from a standing position.

3.02 labeling

A. Label all piping, valves, station inlets and outlets, and alarms in accordance with NFPA 99 requirements and Contract Documents.

B. Re-label existing shut-off valves and alarm panels when modifications are made changing the areas served. New labels shall be in accordance with NFPA 99 and Contract Documents.

3.03 TESTING and inspection
A. Inspection and testing shall be performed on all new piped gas systems, additions, renovations, temporary installations, or repaired systems, to assure the facility, by a documented procedure, that all applicable provisions of NFPA 99 have been adhered to and system integrity has been achieved or maintained.

B. After brazing, the outside of all joints shall be cleaned by washing with water and a wire brush to remove any residue and permit clear visual inspection of the joint. Each brazed joint shall be visually inspected after cleaning the outside surfaces. Brazed joints identified as defective shall be repaired or replaced as required by NFPA 99.

C. After installation of the distribution piping and before installation of station outlets/inlets and other system components (e.g., pressure/vacuum alarm devices, pressure/vacuum indicators), piping in laboratory vacuum and gas distribution systems shall be blown clear by means of oil-free, dry Nitrogen.

D. Installer shall perform initial pressure tests, cross-connection test, piping purge test and standing pressure test prior to third party system verification and in strict accordance with NFPA 99.

E. System verification tests shall be performed only after all installer performed tests, have been completed. Equipment Vendor or installing Contractor shall not perform system verification, final testing or certification.

F. A Third Party Medical Gas System Verification Testing Agency shall perform standing pressure test, cross-connection test, valve test, alarm test, piping purge test, piping particulate test, piping purity test, final tie-in test, operational pressure test and gas concentration test.

G. The Third Party Medical Gas System Verification Testing Agency shall verify the presence and correctness of labeling required by this standard for all components (e.g., station outlets/inlets, shutoff valves, and alarm panels).

H. It shall be the responsibility of the Third Party Medical Gas System Verification Testing Agency to make periodic jobsite visits to assure all requirements of this specification and NFPA 99 are strictly adhered to.

I. Certification shall clearly state that the system is approved for use and meets all requirements of NFPA-99 inclusive of all referenced and/or related documents.  Any exceptions or limitations shall be clearly stated on the same certification document. 
3.04 Vendor supervision and operating instructions
A. An authorized representative of the equipment manufacturer shall periodically check with the installing Contractor during initial installation of the pipeline systems and equipment and shall assist the Contractor in final check to make certain that all systems are operating as recommended by the manufacturer, as specified and in accordance with NFPA 99. The equipment manufacturer's representative shall provide a minimum of 4 hours instruction to BJC HealthCare personnel in the use of the piping systems and the related equipment operated from those systems.
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