SECTION 22 60 00
GAS AND VACUUM SYSTEMS

PART 1 - GENERAL

1.1 WORK INCLUDED
A. Medical oxygen gas system

B. Medical compressed air system

C. Medical vacuum system
D. Carbon Dioxide system
E. Area medical alarm system

F. Medical zone valve cabinets

G. Flexible connectors

H. Flexible expansion loops

I. Pipe alignment guides

1.2 PRODUCTS INSTALLED BUT NOT FURNISHED UNDER THIS SECTION

A. Supply of bottled medical gases for placement by this section.
1.3 RELATED SECTIONS

A. Section 
1.4 REFERENCE STADARDS
A. NFPA 50 – Bulk Oxygen Systems at Consumer Sites

B. NFPA 99 – Standard for Health Care Facilities.

C. UL – Underwriters Laboratories.

D. Guidelines for Construction and Equipment of Hospital and Medical Facilities

E. ANSI B16.18 – Cast Copper Alloy Solder-Joint Pressure Fittings.

F. ANSI B16.22 – Wrought Copper and Copper Alloy Solder Joint Pressure Fittings.

G. ANSI B40.1 – Gauges, Pressure and Vacuum, Indicating Dial Type-Elastic Element.

H. ASTM B88 – Seamless Copper Water Tube.

I. ASTM B280 ‑ Seamless Copper Tube for Air Conditioning and Refrigeration field Service.

J. ASTM B819 – Seamless Copper Tube for Medical Gas Systems.

K. AWS A5.8 – Brazing Filler Metal.

L. CGA G-4.1 – Medical Gas Outlets.

M. CGA G-7 – Compressed Air for Human Respiration.

N. CGA P-2.1 – Medical-Surgical Vacuum Systems in Health Care Facilities.

O. CGA 1120 – Nitrogen Outlets.

P. FS WW-V-35 – Valve Ball.

1.5 SUBMITTALS

A. Submit shop drawings on all equipment provided under this Section.

B. Shop Drawings: Indicate general assembly of components, mounting and installation details, and general layout of control and alarm panels. Submit detailed medical wall assembly drawings.

C. Product Data: Provide manufacturers literature and illustrations for all components indicating size, dimensions and configuration.

D. Samples: Submit 2 of [each outlet] [each valve].

E. Independent Testing Agency Reports: Indicate systems are complete, zone valves installed, alarm systems functional, and pressure and cross connections tests performed. Document tests.

F. Manufacturer's Installation Instruction: Indicate requirements for equipment and systems.

1.6 PROJECT RECORD DOCUMENTS

A. Record actual locations of piping, valving, and outlets.

1.7 OPERATION AND MAINTENANCE DATA

A. Operation Data: Include installation instructions, assembly views, lubrication instructions, and assembly views.

B. Maintenance Data: Include maintenance and inspection data, replacement part numbers and availability, and service depot location and telephone.

1.8 QUALITY ASSURANCE

A. Perform Work in accordance with NFPA 99.

B. The manufacturer’s mark or name shall be attached to each length of pipe, fitting, fixture and/or device employed in the piping system.
1.9 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing the products specified in this Section with minimum 3 years documented experience.

B. Installer: Company specializing in performing the work of this Section with minimum 3 years documented experience.

C. Testing Laboratory: Company specializing in performing the testing of this Section with minimum 3 years documented experience.

1.10 REGULATORY REQUIREMENTS

A. Conform to applicable State and Local code for medical gas systems.

B. Provide certificate of compliance from authority having jurisdiction indicating approval of systems.

1.11 SCHEDULING

A. Schedule Work to ensure equipment is installed and systems tested and certified prior to substantial completion.

1.12 EXTRA MATERIALS

A. Provide 2 of each size of valve and outlet.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Valves:
1. Chemtron
2 inches and smaller, Series 77-03


2-1/2 inches through 4 inches, Series 77-01

2. Ohio Medical
2 inches and smaller, 0207-6260 Series


2-1/2 inches through 4inches, 0207-6070 Series

3. Puritan
2 inches and smaller, 230900 Series


2-1/2 inches through 4 inches, 211250 Series

B. Pressure Gauges:
1. Chemtron, Model #77-90.
2. Ohio Medical, Model #841-0000-300 Series.
C. Zone Valve Box:
1. Chemtron Series 77-00-0000.
2. Ohio Medical, Series 0321-4400.
3. Puritan, Series 140340.
D. Medical Outlets (flush mounted ceiling):
1. Chemtron, Series 560.
2. Ohio Medical, Series 0221-7804.
E. Medical Outlets (flush mounted wall):
1. Chemtron, Series 500.
2. Ohio Medical, Series 0221-7804.
3. Puritan Series 121000 and 151000.
F. Carbon Dioxide Manifold:

1. Chemtron, Model #2500.

2. Ohio Medical, Series #0321-7400-900.

3. Puritan, Series 106200.

G. Area Line Pressure Alarm Panel:

1. Chemtron, Series 74-08-2000.

2. Ohio Medical, Integrated Medical Gas Alarm.

H. Master System Alarm:

1. Chemtron, Series 74-08-1000.

2. Ohio Medical – Integrated Medical Gas Alarm.

I. Flexible Connectors: Hyspan, Mason Industries, Metra-Flex or approved equal.
J. Flexible Expansion Loops: Mason Industries, Metra-Flex or approved equal.
K. Pipe Alignment Guides: Hyspan or approved equal. 
2.2 PIPE AND FITTINGS

A. Factory Preparation: Wash inside of copper pipe and copper fitting with hot solution of sodium carbonate or trisodium phosphate mixed on pound to 3 gallons of water; rinse with water, and blow dry with oil-free dry nitrogen or compressed air.

B. Oxygen, Compressed Air, Carbon Dioxide, Systems - Aboveground:

1. Copper Tube: ASTM B819, Type K, hard drawn, pre-cleaned piping with field cleaned sweat fittings. Cleaning of fittings per NFPA 99.

2. Fittings: ANSI B16.18, cast bronze, or ANSI B16.22 wrought copper.

3. Joints: AWS A5.8, BCuP silver brazed.

C. Oxygen, Compressed Air, Carbon Dioxide Systems – Below Ground Buried:

1. Copper Tube: ASTM B280, Type K, hard drawn.

2. Fittings: ANSI B16.18, cast bronze, or ANSI B16.22 wrought copper.

3. Joints: AWS A5.8, BCuP silver brazed.

4. Piping shall be pre-cleaned and plugged with field cleaned wrought copper sweat fittings and silver solder joints. Provide tubing in single continuous length polyethylene outer tube. Cleaning of fittings and uncleaned piping per NFPA 99.

D. Vacuum System - Aboveground:

1. Copper Tube: ASTM B88, Type L, hard drawn.

2. Fittings: ANSI B16.18, cast bronze, or ANSI B16.22 wrought copper.

3. Joints: AWS A5.8, BCuP silver brazed.

2.3 VALVES

A. Factory Preparation: Prepare valves the same as for oxygen service per NFPA 99. For oxygen service disassemble and wash in hot solution of sodium carbonate or trisodium phosphate mixed one pound to 3 gallons of water, rinse with water, seal, and pack for shipping.

B. Ball Valves: FS WW-V-35, Type II, Class A brass or bronze body blowout proof stem, full port, double-seal ball valves for minimum 400 pounds per square inch working pressure, labeled for intended service. Valves up to 2- and 4-inch sizes shall have Teflon seats and adjustable stem packing gland with Teflon stem seal. For 2-1/2- through 3-inch sizes, valves shall have Teflon seats and double Teflon stem seal. Actuate from full "on" to full "off" by 90 degree turn of vinyl gripped valve handle. Factory installed copper tubing shall extend sufficiently to help prevent valve seat damage during soldering.
C. Check Valves: Equal to Bivco in-line with screwed ends, Series 3000/4000, or Amico Alert-1 Series with inlet and outlet extensions manufactured, cleaned and sealed for medical use.

2.4 PIPING

A. Hangers and Supports: See Section 23 05 10.

B. Identification: Pressure sensitive adhesive tape and decals, color labeling to conform to Section 23 05 53.

C. Vacuum Bottle Brackets: Stainless steel, chrome-plated metal, or aluminum with finish matching adjacent outlet.

D. Flexible Connectors: Seamless or seam-welded tubing of stainless steel or bronze.

2.5 PRESSURE GAGES

A. Oxygen and nitrous oxide systems: Manufactured and labeled expressly for intended service; UL labeled.

B. ANSI B40.1, white dials and black lettering with restrictor.

2.6 ZONE VALVE BOX

A. Provide galvanized sheet steel, flush-mounted and rigidly assembled to accommodate valves and fittings, punched or drilled sides to receive tubing, anchors to secure to wall construction.

B. Provide cover plates of extruded anodized aluminum with replaceable plastic windows with pull ring to remove window. Attach cover to box with 1-1/2-inch concealed screws.

C. Label and color code valve boxes for intended service and area served.

D. Provide a dust-tight assembly. The frame assembly shall be capable of adjusting for variances in wall thickness up to one inch. Conceal exposed piping and valves within the box and shall be labeled "Caution – Medical Gas Shut-Off Valves – Close Only In Emergency". Provide clear viewing space in the window to display the gas service and the area controlled by the valve. 

E. Provide double and triple valve boxes that accept factory installed valve sizes through 2 inches. Stack boxes using steel straps and screws provided by the manufacturer where more than 3 valves are indicated on the plans. Provide valve boxes of uniform widths for balanced appearance. Provide color-coded self-adhesive gas service labels for compliance with NFPA 99 labeling requirements. Apply labels to each valve within the assembly for proper gas service identification according to the manufacturer's instructions. Placement of the valve within the zone valve box shall be such that the removable window cannot be replaced when any valve is closed. Factory installed type "K" copper pipe extensions shall extend 3 inches outside the valve box. Provide the valve box so valves may be removed prior to brazing, without disassembly of the box, to permit field rearrangement of valves if necessary. Clean ball valves for oxygen service, supplied with capped ends and operate full open to closed position with 90-degree handle rotation, complete with pressure gauge.

F. Equip the gauge port with removable plug for pressure testing prior to final assembly of gauge.

2.7 FLUSH MOUNTED CEILING OUTLETS

A. CGA V-5, Diameter – Index Safety System (DISS) and NFPA 99 non-interchangeable connectors, automatic valves, secondary check valves (except vacuum and evacuation outlets), and capped 3/8-inch tubing stubs for supply connections, color coded and labeled for intended service.

B. Field-assemble modular outlet stations with sequences and services indicated on the plans. Provide centerline spacing of multiple outlets at 5 inches minimum.

C. Mount stainless steel faceplate of outlet stations for medical gases a chrome-plated, zinc die-cast cover plate. Provide the cover plate assembly with indexing pins for safety keying the gas-specific cover plate to the appropriate rough-in box. Permanently capture the safety-keying index pins between the cover plate and index pin retainer. Designs with index pins molded in plastic will not be acceptable. Provide a color-coded, molded-plastic gas-service identification label on each cover plate.

D. Provide outlet stations that are capable of supporting common secondary equipment without the use of slide brackets.

E. Attach the cover plate attach to the primary valve assembly and rough-in box. Provide independently safety-keyed primary DISS valve to prevent cross-connection. In addition, the DISS valve shall thread into the rough-in box separately from the cover plate to facilitate leak testing around the valve. Designs, which prevent this test, will not be acceptable. Provide a primary valve made of brass, chrome plated, and shall contain a poppet that is self-sealing in service. Provide an adjustable primary valve to compensate for variations in plaster thickness.

F. Provide a rough-in box made of corrosion-resistant zinc-plated sheet steel with provisions for field-ganging multiple outlets by the installer. Provide 2 factory-started, slotted, hex-head screws and fasteners with each rough-in box. Installer may gang rough-in boxes using holes provided for 1/8-inch diameter pip rivets.

G. Provide a base and tube assembly in each rough-in box. The assembly shall consist of a Type K copper pigtail, which is flared to accept 1/4-inch ID, 3/8-inch OD supply line, brass block, and base housing. It shall also include a secondary check valve per NFPA 99 (not required in vacuum); primary valve o-ring seal; check valve deflator spring (except vacuum); pressure testing cap plug; and plaster shield. The copper inlet tube shall be capable of rotating 360 degrees to adjust for field piping conditions.

H. Provide a fully automatic and self-sealing secondary check valve that operates upon removal of the primary valve. The primary valve seal shall be field replaceable WITHOUT shutting off gas supply to the outlet station. 

I. Clean medical gas outlets for oxygen service in accordance with CGA Pamphlet G-4.1. The assembly shall be capped and internal parts vacuum packed for shipment. The outlet assembly shall bear the label of listing under Re-examination Service of Underwriter's Laboratory.

2.8 FLUSH MOUNTED WALL OUTLETS

A. Field Assemble modular outlet stations with sequences and services indicated on the plans. Space multiple outlets at 5 inches minimum on center. Provide the quick-connect type.

B. Mount stainless steel faceplate of outlet stations for medical gases on a chrome-plated zinc die-cast coverplate. Provide the coverplate assembly with quick-connect latch release mechanism, indexing pins for safety keying the gas-specific cover plate to the appropriate rough-in box, and color-coded gas service identification. Permanently capture safety-keying index pins between the cover plate and latch assembly. Index pins molded in plastic will not be acceptable.

C. Provide latch mechanism for 1-handed, single thrust mounting and one-handed fingertip release of secondary equipment. The outlet stations shall be capable of supporting common secondary equipment, including suction regulator and half-gallon collection bottle, without the use of slide brackets.

D. Attach the cover plate to the primary valve assembly. Thread the primary valve into the rough-in box separately from the cover plate to facilitate leak testing around the valve. Compensate for variation in plaster thickness with an adjustable primary brass valve body. Provide an o-ring within the valve to seal mating adapter plugs. Replacement of this o-ring shall not require disassembly of the cover plate. Provide a self-sealing primary valve poppet with no dust cap or cover.

E. Provide rough-in box with corrosion-resistant, zinc plated, sheet steel with provisions for field ganging by the installer. Provide 2, factory-started, slotted, hex-head screws, and fasteners with each rough-in box. Installer may gang rough-in boxes using holes provided for 1/8-inch diameter pop rivets.

F. Provide each rough-in box with a base and tube assembly. The assembly shall consist of a Type K copper pigtail flared to accept 1/4-inch ID, 3/8-inch OD supply line, brass block, and base housing. It shall also include a secondary check valve per NFPA 99 (not required in vacuum); a primary valve o-ring seal; a check valve deflator spring (except vacuum); pressure testing cap plug; and plaster shield. The copper inlet tube shall be capable of rotating 360 degrees to adjust for field piping conditions.

G. Provide a fully automatic and self-sealing check valve. The primary valve seal shall be field replaceable WITHOUT shutting off gas supply to the outlet station.

H. Clean medical gas outlets for oxygen service in accordance with CGA Pamphlet G-4.1. Provide the assembly factory capped and internal parts polybagged. The outlet assembly shall bear the label of listing under Re-examination Service of Underwriter's Laboratory.

2.9 CARBON DIOXIED MANIFOLD

A. Provide a fully automatic manifold control including shelf-shifting to reserve bank on exhaustion of service bank without decrease in delivery line pressure and automatic resetting of the control unit identifying the supply banks of cylinders. Preclude an inadvertent operating sequence in which the "reserve" cylinder bank is partially depleted. Replaced full cylinders shall always become the "reserve" in each cycling of the control.

B. Incorporate the control unit pressure switches for the purpose of actuating designated remote signal systems when service bank is exhausted. In addition, the control unit shall provide non-electric, visible indication of control unit status for normal and reserve in use signals. Include high pressure gauges in the control unit for both banks of cylinders, and the delivery line pressure gauge. Locate gauges and indicators on the control unit, independent of the cover in a convenient instrument cluster panel.

C. Provide a weather- and impact-resistant cover to protect internal components. Arrangement and installation as shown on drawings and/or schedule. Divide cylinder connections and header bars into two equal banks to the right and left of the control. Provide connections including the header bars, gas specific and non-interchangeable.

D. Provide control 120-volt transformer as required.

2.10 MEDICAL COMPRESSED AIR SYSTEM

A. CGA G-7.
2.11 AREA LINE PRESSURE ALARM PANEL

A. Provide area alarm panels that meet the requirements of NFPA 99 standards. Area alarms shall be UL listed as an assembly and shall include all necessary gauges, factory wiring, transformers and circuitry requiring only 115-volt primary power. Internal voltage shall be stepped down to 12-volt normally closed, control circuit power.

B. Provide modular area alarm panels with dual display gauges, which shall include an eleven light vertical LED (Light Emitting Diodes) for graphic display of actual pressure from normal to alarm conditions and a LCD (Liquid Crystal Display) to display actual pressure numerically.

C. Provide LCD display for gas pressures and activate an alarm condition or by depressing the display buttons. If multiple alarm conditions occur, the LCD shall alternately display values on a timed sequence.  Incorporate into each pressure/vacuum module the following:

1. A yellow light to indicate what service is being displayed in the LCD window.

2. A red light to indicate that an alarm condition exists. Red lights may be extinguished only by fault correction.

3. A test button to simulate alarm conditions for all LED, LCD and audio functions of the individual module.

4. A display button that commands the liquid crystal display of a selected service.

5. View windows for field labeling gas/vacuum service and pressure calibration.

D. seq level3 \h \r0 Provide each module with a quick-disconnect locking type electrical terminal.

E. Provide factory installed copper tube extensions in the back box, 6 inches long 1/4-inch ID flared to 3/8 inch ID. Provide in each inlet tube, an internal check valve incorporated into a female quick connect coupling to accept transducer gauges. Each transducer gauge shall be serial numbered to its matching alarm module. Calibrate each module with its transducer gauge before shipping to jobsite.

F. Provide 4 secondaries at the master circuit board with individual over current protection. Provide dual transformers and selector switch to field select either 230 or 115 volt primary service. Include a detachable fuse clip on the primary side of the transformer cover.

G. Provide the alarm audio tone with 4 timing signals that amplitude and frequency modulate the audible sound. The audio signal may be cancelled only by the alarm silence button or fault correction.

H. Provide tubing from main system lines to alarm panel with shut-off valves.

2.12 MULTI-SYSTEM ALARM

A. Multi-Signal Alarm shall be for exposed installation.  Closed circuit, self-monitoring type of alarm system.  Capable of monitoring pressures or liquid levels in non-flammable medical gas piping systems.   A green NORMAL light glows when all of the monitored systems are fully operational.  If an abnormal condition signal is received from one of the remote switches, the green NORMAL light goes off and a red light describing the condition comes on simultaneously to an audible alarm.  A SILENCE AUDIO button is used to silence the audible alarm.  The red light stays lit until the abnormal condition has been corrected.  A switch is provided to test the internal circuits, light bulbs and audible warning device.

B. Alarms operate on a standard 115 Volt, 60 Hz, emergency circuit.  An integral transformer reduces the incoming voltage to 24 volts.  Internal wiring is color coded.  The audible alarm is rated for 70 dB @ 2200 Hz and the indicator lights for 25,000 hours @ 28 volts.

C. Extruded aluminum rough-in box has a 3/4 inch flange on all four (4) sizes and a protective plaster shield to keep the interior clean during installation.  The finish plate is constructed of die cast zinc with chrome plated border and black background.  The finish plates provides 3/4 inch of plaster adjustment.  Slip-in lenses are removable to simplify bulb replacement.  Once (1) spare bulb is conveniently stored in each light compartment. 
2.13 MASTER SYSTEM ALARM

A. Provide gauge model master alarm panels designed to meet the requirements of NFPA 99 and CSA standards. Alarms shall be UL listed as an assembly and shall include all necessary gauges, factory wiring, transformers and circuitry requiring only 115-volt primary power. Step down internal voltage to 12 volt closed, control circuit power, and external switches.

B. Provide modular master alarm panel with dual display gauges, an eleven light vertical bar of LED's (Light Emitting Diodes) for graphic display of actual pressure from normal to alarm conditions and a LCD (Liquid Crystal Display) to show actual pressure numerically. Activate the LCD by alarm condition or by depressing display buttons. Provide each gas service with its own display button. If multiple alarm conditions occur, the LCD shall alternately display pressure values on a timed sequence.

C. Include with the master alarms, one or more 8-signal modules for wiring to remote switches monitoring the status of supply systems. External switches may be either normally open or normally closed type, or any combination of NO or NC contacts. Factory set built-in switches for selecting external contact type factory set.

D. Provide self-adhesive labels with the unit for each signal function. Adjacent to each signal label will be a highly brilliant, red, LED indicator light to signify activity of the external switch. Activation of any switch will light its LED and actuate the audio alarm.

E. The 8 signal module shall contain an independent "power on" light consisting of green LED's and a test button for a full circuit "test" of audio and visual signals.

F. Incorporate the following for each line pressure module:
1. A yellow light to indicate the service that is being displayed in the LCD window.

2. A red light(s) to indicate that a high and/or low alarm condition exists. Red lights may be extinguished only by fault correction.

3. A test button to simulate alarm conditions for all LED, LCD and audio functions of the individual module.

4. A display button, which commands liquid crystal display of a selected service.

5. View windows for field labeling gas/vacuum service and pressure calibration.

G. Provide each module with a locking type quick-disconnect electrical terminal for the system.

H. Back Box: The back box shall contain factory-installed copper tube extensions, which are 6 inches long, 1/4 inch flared, and 3/8 inch ID, to accept installer furnished lines from the medical gas system. It shall also include an inlet tube with an internal check valve and a female quick-connect coupling to accept transducer gauges; a transducer with serial number to its mating alarm module; and a factory-calibrated module with transducer before shipping to jobsite.

I. Master Circuit Board: The master circuit board shall contain 4 circuit breakers on the secondary side of the circuitry; dual transformers, and selector switch to field select either 230 or 115 volt primary service. It shall also include a detachable fuse clip on the primary side.

J. Provide an alarm audio tone with 4 timing signals that amplitude and frequency modulate the audible sound. The audio signal may be cancelled only by the "alarm silence" button or fault correction.

2.14 PRESSURE SENSOR

A. Line pressure sensing device that attaches to vacuum or medical gas lines.  It continually passes pipelines status information to a display/alarm monitor.  When pulse pressure sensors are connected, the integrated alarm system panel reports lines pressures, alarm conditions and other information important to hospital personnel.
B. The pulse pressure sensor can monitor vacuum line status and line pressure for a full range of gases including air, oxygen, nitrogen, nitrous oxide, cabon dioxide and mixtures of these gases.  Three (3) models of pulse pressure sensors are:

1. Vacuum line model (0-30” Hg).
2. Low pressure model (for lines with pressures up to 10 psi).

3. High pressure model (for lines with pressures up to 225 psi).
2.15 FLEXIBLE CONNECTORS

A. For steel piping application use flexible connectors with an inner hose of annular corrugated stainless steel, an exterior sleeve of braided stainless steel, a pressure rating of 150 pounds per square inch gauge, joints for 2 inch diameter and larger shall be flanged and for smaller than 2-inch diameter shall be threaded with unions.  Size shall be same size as piping connected to.
B. For copper piping application use flexible connectors with an inner hose of bronze, and exterior sleeve of braided bronze, a pressure rating of 150 pounds per square inch gauge, joints shall be threaded with unions or soldered as specified for pipe joints.  Size shall be same size as piping connected to. 

2.16 FLEXIBLE EXPANSION LOOPS 

A. Provide flexible piping connectors at the following locations or where indicated on drawings.

1. Seismic joint.
2. Building expansion joint.

3. Building construction joint.

B. Expansion joints shall be of the braded stainless steel type.  Joints to consist of two flexible sections of hose and braid, two 30 elbows, and a 60 return.  Flexible hose section to be stainless steel, close pitch, annular corrugated hose with a braided outer covering of stainless steel.  End connections to match mating piping.  The overall length shall allow for a minimum of ±4” movement in any direction. 

2.17 PIPE ALIGNMENT GUIDES 
A. Guides to be pressed steel joined together by fusion welding with a protective black lacquer paint finish.
PART 3 - EXECUTION

3.1 SEISMIC RESTRAINT

A. Fabricate and support piping in accordance with specifications herein, and latest edition of NFPA. Provide seismic restraint in accordance with a current OSHPD pre-approved system that carries a current OSHPD Number.  For seismic restraint, see Section 23 05 48.

B. Install seismic separation assemblies at building seismic joints.

3.2 GENERAL

A. Install horizontal piping parallel with adjacent walls and partitions unless otherwise shown. All risers shall be plumb. Springing or forcing piping into place will not be permitted unless specifically called for.

B. Piping for these systems shall be stored separate from piping for other systems to avoid mixing of piping types.

C. All control wiring for medical alarm systems by Division 15.

D. Power wiring to alarm panels by Division 16.

3.3 PREPARATION OF PIPING AND INSTALLATION

A. Install, clean and test non-flammable medical gas piping systems, such as oxygen, nitrous oxide, carbon dioxide, nitrogen, medical compressed air and lab compressed air in accordance with NFPA 99.

B. After erection of pipe and tubing, but prior to installation of service outlet valves, blow systems clear of free moisture and foreign matter with nitrogen gas.

C. Install service outlet valves, subject system to test pressure of 150 psig with nitrogen or dry compressed air. Check with soapy water. Provide 24-hour standing pressure test.

D. After cleaning, great care shall be exercised in storage and handling of all materials and in condition of tools used in cutting or reaming to prevent oil or grease being introduced into tubing. Where such contamination is known to have occurred, the materials affected must be rewashed and then rinsed.

E. Ream pipe ends to remove burrs. Make joints smooth and unobstructed inside. Remove any obstructions or debris inside piping, blowing it out with compressed air or otherwise cleaning it internally immediately prior to assembly.

F. Cap or cover open piping during erection to prevent entry of foreign objects.

G. Pre-Installation Cleaning: Disassemble positive pressure gas systems pipe fittings, valves, and components, except those supplied cleaned and prepared for intended service, and thoroughly wash in hot solution of sodium carbonate or trisodium phosphate mixed one (1) lb. to three (3) gal. of water. Scrubbing and continuous agitation of the parts shall be employed where necessary to remove all deposits and insure complete cleaning. After washing, rinse all materials thoroughly in clean hot water.

H. After cleaning, great care shall be exercised in storage and handling of all materials and in condition of tools used in cutting or reaming to prevent oil or grease being introduced into tubing. Where such contamination is known to have occurred, the materials affected must be rewashed and then rinsed.

I. All brazing shall be performed under a continuous flow of nitrogen gas (nitrogen purge method). No flux shall be used on these piping systems.

J. Effect changes in size with reducing fittings. Make change in direction of required turns or offsets with fittings or tubing shaped by bending tools. Make bends free of flattening, buckling or thinning of tube wall.

K. Cut pipe and tubing accurately and install without springing or forcing.

L. Install exposed oxygen piping in wall mounted sheet steel raceways and junction boxes. 

M. Encase buried oxygen piping in cast iron pipe. Provide with FM listed heat trace with fixed temperature regulation, set for 80 degrees F maximum, and terminating at junction box, mounted near main oxygen supply shut-off valve. Insulate buried oxygen lines and heat trace with insulation as specified in Section 23 07 10.

N. Grade piping down in direction of flow.

O. Provide pipe sleeves where pipes and tubing pass through walls, floors, roofs, and partitions. finish flush at both ends. Extend 2 inches above finished floors. Pack space between pipe or tubing and sleeve, and caulk.

P. Support gas piping with pipe hooks or hangers suitable for size of pipe as specified in Section.
Q. Install isolation valves adjacent to main lines for risers if manual shut off valves (zone control valves) are more than 15 feet from main or riser.

1. Locate them immediately adjacent to main or riser.

2. Ensure that they are not accessible to unauthorized personnel.

3. Identify gas and function.

4. Leave them in the open position with handle removed or sealed.

R. Except where indicated or in flush wall mounted cabinets, install manual shut off valves with stem vertical and accessible for operation and maintenance.

S. Install strainers on inlet side of pressure reducing valves. Provide main gas valves (pressure reducing or flow control) with bypasses and isolation valves to permit maintenance without interruption of gas.

T. Provide a valved bypass around receivers.

U. Provide medical vacuum pumps with water supply piped from potable water system. Provide reduced pressure back flow preventer on water supply.
V. Identify piping with tape and decals. Provide piping identification code and schematic. Refer to Section 23 05 53. Install labeling on pipe at intervals of not more than 10 feet and at least once in each room and each story traversed by pipeline.

W. Excavate and backfill pipe trenches as specified. Coordinate provision of utility warning and identification tape with backfill operation. Provide backfill above buried lines at a depth of 8 to 12 inches below finish grade.

X. Install underground piping in trench minimum 42 inches deep adequately protected against physical damage and corrosion, or in ducts and tunnels which are not occupied by fuel oil lines and are vented.

Y. Provide Nitrogen Control Panel factory tested.

3.4 PIPING SYSTEMS CLEANING AND PRESSURE TESTING

A. After erection of pipe and tubing but prior to installation of service outlet valves, blow systems clear of free moisture and foreign matter with nitrogen gas.

B. Install service outlet valves, subject system to test pressure of 150 psig with nitrogen or dry compressed air. Check with soapy water. Provide 24-hour standing pressure test.

C. Clean and test piping per NFPA 99 requirements.

3.5 GAS SYSTEM TESTING REQUIREMENTS

A. The following is a summary of the requirements for medical gas testing as found in NFPA 99. 

1. Cleaning: Blow out lines with dry nitrogen or air.

2. Pressure Testing:

a. Visually inspect each brazed joint prior to covering piping system to assure that the alloy has flowed completely in and around the joint and, where flux has been used, that the hardened flux has not formed a temporary seal that holds test pressure. Remove all excess flux for clear visual inspection of brazed connections.
b. Prior to covering piping system with gauges and alarms disconnected and relief valves and outlets blocked off, leak test at 150 psig.
c. With all components connected, leak test at 20 percent above normal operating pressure for 24 hours.

3. Cross-Connection Test:

a. With all components connected, perform cross connection test at 50 psig.

b. Verify correct labeling of outlets, shut-off valves and alarm panels per.

1) Test shut-off valves.

4. Purging: Using the proper system gas, purge 1 outlet at a time through a white cloth at a minimum flow rate of 225 liters per minute (recommend 200 to 300 liters per minute). Continue purging until no evidence of discoloration is apparent, and the gas used during the previous tests has been removed from the piping system.

a. Purge all medical gas outlets, purging the outlet nearest the source first.

b. An adequate supply of white cloths shall be on hand to purge and test all outlets.

5. Analysis:

a. Test equipment shall be calibrated at regular intervals and calibration certificates shall be available at the test site for inspection.

b. Test each outlet of oxygen, medical air, and mixed gases containing oxygen to determine oxygen content (percent).  (Recommend that hospital respiratory therapist establish acceptable levels of oxygen).

c. Verify that medical air meets the following:

	Item
	Limiting Characteristic

	Oxygen
	19.5 to 21.5 percent

	Dew Point
	10F below the minimum ambient temperature to which any part of the medical air piping system can be exposed.

	Oil (condensed)
	5 mg/cubic meter

	Carbon Monoxide
	10 ppm

	Carbon Dioxide
	1000 ppm


d. The gas analysis report shall indicate test method(s) and/or devices used.

6. Flow/Pressure Test:

a. Verify each medical gas outlet is at 50 to 55 pounds per square inch gauge at maximum flow rate.

b. The nitrogen system shall be capable of delivering at least 160 pounds per square inch gauge.

c. Vacuum such that 3 SCFM can be evacuated through any one terminal without reducing pressure below 12 inches of mercury at an adjacent terminal.

7. Alarm Systems Test:

a. Test medical gas high-level alarm at 20 percent above normal operating pressure and low-level alarm at 20 percent below.

Note: Do not lower the high-pressure setpoint for test. Test shall be performed at the actual high-pressure setpoint.

b. Test low vacuum alarm to signal when vacuum in the main line drops below level required to maintain 12 inch Hg (vacuum) at the terminal farthest from source.

8. Record Keeping:

a. Prior to the use of any medical gas piping system for patient care, the responsible authority of the facility shall assure that all tests required have been successfully conducted and permanent records of the test maintained in the facility files.

b. Per California Code of Regulations (CCR) Title 22, Division 5, Division 1 (e), the piped oxygen or nitrous oxide systems shall be tested in accordance with NFPA 99 in each of the following instances:

1) Upon completion of initial installation.

2) Whenever changes are made to the system.

3) Whenever the integrity of the system has been breached.

4) At least annually.

3.6 FLEXIBLE CONNECTORS

A. Provide flexible pipe connectors on pipes connected to vibration isolated equipment and where shown. Do not allow weight of piping to be carried by equipment connector.

B. Install devices in accordance with manufacturer’s recommendations.

3.7 FLEXIBLE EXPANSION LOOPS

A. Provide piping passing through seismic, expansion, and construction joints. Anchor piping on both sides of joint so that building movement will not cause structural stress on piping supports.

B. Install devices in accordance with manufacturer’s recommendations.

3.8 EXPANSION JOINTS AND COMPENSATORS

A. Install devices in accordance with manufacturer’s recommendations.

3.9 PIPE ALIGNMENT GUIDES

A. Install guides as shown on drawings and where recommended by expansion joint manufacturer.

B. Rigidly anchor pipe to building structure where necessary. Provide pipe guides so that movement takes place along axis of pipe only.
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