SECTION 07142 - HOT FLUID-APPLIED WATERPROOFING


BUILDING NO.	SC#
PROJECT NAME


SECTION 212100 – CARBON-DIOXIDE FIRE EXTINGUISHING SYSTEMS

GENERAL
SUMMARY
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:
Design and construction of a carbon-dioxide (CO2) fire-suppression system for underfloor areas of [the computer room] [     ].
Storage cylinders.
Interface with building fire-alarm and HVAC systems.
Related Sections:
Division 01 Section "General Requirements."
Division 01 Section "Special Procedures."
Division 21 Section "Hangers and Supports for Fire Suppression Piping and Equipment".
Division 21 Section "Identification for Fire Suppression Piping and Equipment".
Division 25 Section "Integrated Automation Facility Controls"
Division 26 Section "Conduit".
Division 26 Section "Wiring Devices".
Division 28 Section "Fire Detection and Alarm".
REFERENCES  
General:
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.
Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.
Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.
Refer to Division 21 Section "Common Results for Fire Suppression" for codes and standards, and other general requirements.
American National Standards Institute (ANSI)
ANSI B2.1 Pipe Threads (Except Dryseal)
ANSI B16.3 Malleable-Iron Threaded Fittings
ASTM International:
ASTM A 53 Pipe, Steel, Black and Hot Dipped Zinc-Coated, Welded and Seamless
ASTM A 197 Cupola Malleable Iron
ASTM A 395 Ferratic Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures
Code of Federal Regulations 29 CFR 1910.7 Definitions and Requirements for a Nationally Recognized Testing Laboratory (NRTL)
National Electrical Manufacturers Association NEMA 250 Enclosures for Electrical Equipment (1000 Volt Maximum)
National Fire Protection Association (NFPA)
NFPA 12 Carbon Dioxide Extinguishing Systems
NFPA 70 National Electrical Code
NFPA 72 National Fire Alarm Code
U.S. Department of Transportation (DOT)
Underwriters Laboratories (UL)
SYSTEM DESCRIPTION
System shall provide coverage for underfloor areas of the [computer room] [     ] raised floor.
Provide a low-velocity discharge system in accordance with NFPA 12 for deep-seated fire.
The carbon-dioxide fire-suppression system shall include a detection and control system compatible with the building fire-alarm system [, using the existing fire-alarm control panel,] and including provision for automatic agent release.
Release of carbon-dioxide agent shall be accomplished by an electrical output from the control panel to solenoid-operated releasing devices.
DESIGN REQUIREMENTS
System Design (Underfloor Only):
<Verify if the power is to be shut down in the areas serviced.  It is not a code-mandated requirement for these systems, and certain applications may not wish power to be disturbed, even for a fire.>
Design the system such that it can be actuated by heat detector or by manual-discharge switch for each protection area.  Actuation shall cause alarm [, shut down power to the room(s),] and shut down HVAC units.  Comply with Division 28 Section "Fire Detection and Alarm".
Design of the carbon-dioxide system shall be based upon the enclosure being sufficiently tight against agent leakage with ventilation automatically shut down and/or fire dampered to provide for static air condition upon discharge, or shall be appropriately designed to compensate for openings that cannot be closed.
All appropriate doors, windows vents, and dampers shall be automatically closed before discharge of carbon dioxide.  Devices for this purpose shall include micro-switches and pressure operated trips or switches where appropriate.
The HVAC system and necessary dampers shall be shut down and shall remain down until restarted by a positive reset feature at each HVAC unit, upon clearance of CO2 from the space.  Under no circumstances shall the HVAC system be restarted while CO2 is still present in the area.
Provide predischarge alarms and time delays of sufficient duration to warn personnel of an impending discharge of carbon dioxide, and ow for hazard area evacuation and preparation.
Provide warning signs in areas where concentrations of carbon-dioxide gas can accumulate, and in immediately-adjacent areas, generally at each entrance to the hazard area.
<Confirm the discharge period and minimum acceptable hold-duration for each hazard area with the [LLNL] [Site 300] Fire Marshal, and insert below.>
System shall achieve a 30 percent concentration within 1 minute, and a 50 percent concentration within 3 minutes of initial discharge.  The minimum acceptable hold-duration at the required final concentration is [     ] minutes.
Locate discharge nozzles, detectors, and auxiliary equipment so as to not interfere with the hazard operation and/or maintenance.  Do not locate cylinders in normally-occupied areas.
Include the second sentence of the following paragraph if the [LLNL] [Site 300] Fire Marshal determines reserve tanks are required for a particular hazard area, and enter the number and capacity of tanks required.
9.	Carbon dioxide shall be stored under its own pressure, 850 psi (5.8 MPa) at 70 deg F (21 deg C), in central storage steel-alloy storage containers.  [Provide [     ] reserve tanks of [lb (kg) capacity for the [     ] underfloor area(s).]
Interface system with the building fire-alarm system to provide fire alarm and trouble alarm.
Provide underfloor detector annunciator panel.
Discharge Nozzle Design:  Nozzle design and placement shall provide a low-velocity discharge of extinguishant which gently and thoroughly circulates throughout the protected space.
Aim nozzles so that the minimum distance from nozzle to a wall, cable bundle, and other impediment shall be 20 to 25 feet (6–7.5 m).
Aim nozzles so that a gentle circulation of carbon dioxide is achieved throughout the protected space.
Nozzle shells shall be horizontal to, or within 5 degrees down from horizontal to the floor, at floor level.
Nozzle discharge rate shall be 35 to 45 lb/min (16–20 kg/min).
Nozzle coverage shall not exceed the NRTL-listed coverage.
SUBMITTALS
Submit under provisions of Division 21 Section "Common Results for Fire Suppression, Review of Materials" and Division 01 Section "General Requirements."
The University Representative will review submittals with the LBNL Fire Marshal for system acceptance.
Calculations:  A complete set of hydraulic calculations for each system, based on two-phase flow equations for unbalanced piping systems as defined by NFPA 12, regardless of whether a single-nozzle or balanced-piping network is used.
Shop Drawings:  Show piping sizes, hangers and supports, pipe flows, nozzle sizes and locations, numbers and sizes of containers and their locations.  Where necessary, include the fire-detector and alarm systems and related electrical work.  Indicate power requirements and affected adjacent construction.  The carbon-dioxide fire-suppression and detection systems shall be specifically designed, engineered, and installed for proper protection of the hazard area(s).
Record Documents:  Reproducible drawings, including modifications, to reflect as-built changes.  Include circuit and connection drawings.
Operation and Maintenance Data:  Manufacturer’s operation and maintenance data, including operation, maintenance, and inspection data, replacement part numbers and availability, and location and telephone numbers of service depot.
Certificates:  Certification of inspections and compliance in accordance with paragraph 3.02.E “Certification.”
QUALITY ASSURANCE
The design and installation shall be in accordance with these specifications, drawings, NFPA 12, 70, and 72, and the requirements of the University.
All equipment shall be from one source and listed by a nationally recognized testing laboratory (NRTL) recognized under 29 CFR 1910.7 as approved for the intended application.
Materials and equipment shall be standard products of the manufacturer’s latest design and suitable to perform the functions intended.  Where two or more pieces of equipment must perform the same functions, they shall be duplicates produced by one manufacturer.  The name of the manufacturer and the serial numbers shall appear on major components.  Locks for cabinets shall be keyed alike.
The system piping shall be of noncombustible materials having physical and chemical characteristics such that its integrity under stress can be predicted with reliability.   Pipe and fittings shall satisfy the applicable requirements of NFPA 12.  Under no circumstances shall furnace butt-weld ASTM A 53 pipe, ordinary cast-iron pipe, ordinary steel pipe, or nonmetallic pipe be used.  Class 150 and ordinary cast-iron fittings, street elbows, and multi-outlet fittings other than tees shall not be used.
Provide evidence satisfactory to the University that the installer of fire-protection work is regularly engaged in installing the work of this section with at least [3] [5]-years relevant experience and is currently licensed by the State of California (C-16) to do such construction.
PRODUCTS
ACCEPTABLE MANUFACTURERS
Chemetron, Kidde-Fenwal, Cardox, or equal.
Substitutions:  Under provisions of Division 01 Section "General Requirements."
MATERIALS
Pipe:  Black steel pipe, ASTM A 53 seamless or electric welded, grade A or B;  pipe 3/4 inch (20 mm) and smaller may be schedule 40; pipe 1 through 4 inches (25–100 mm) shall be schedule 80.
Fittings:  Fittings in sizes 3/4 inch (20 mm) and smaller shall be 300-lb (2 070-kPa) malleable iron fittings.  Fittings in sizes 1 through 2 inches (25–50 mm) shall be 300-lb (2 070-kPa) malleable iron ASTM A 197, or 1000-lb (6.9-MPa) ductile iron ASTM A 395.  Street elbows shall not be used.  Fittings in sizes 2-1/2 inches (65 mm) and larger shall be forged steel.
Nozzles:  Chemetron “SR type,” Kidde-Fenwal, or equal multijet (S, M, or L) or type V design, as required by the type of hazard being protected, and providing flow rates at low velocity in accordance with system design hydraulics.
Cylinders:
Cylinders shall be constructed of high-strength oy steel, conforming to and complying with DOT standards.
Provide carbon-dioxide storage cylinders with a safety rupture disc.  An increase in internal pressure due to high temperature shall rupture the safety disc and ow the contents to vent before the rupture pressure of the container is reached.  The contents shall not be vented through the discharge piping and nozzles.
Systems consisting of three or more cylinders shall have a framing arrangement for supporting the cylinders and manifold.
Each carbon-dioxide system shall utilize a solenoid-operated releasing device (control head) which causes discharge of storage containers in the system.  Each releasing device shall be separately series supervised and operated directly from the control panel.
The releasing device (control head) shall be easily removable from the cylinder without emptying the cylinder.  While removed from cylinder, the releasing device shall be capable of being operated, with no replacement of parts required after this operation.
The releasing device shall also be capable of direct mechanical actuation, providing a means of discharge in the event of total electrical malfunction.  The device shall be provided with a manual lever and a faceplate with clear instructions on how to mechanically activate the system.
All agent storage containers shall be activated by either an electrical manual discharge station, an automatic device (or devices).
Cylinder assemblies shall be in accordance with DOT regulations.  Cylinders shall be fitted with a resilient pressure-seat type forged-brass valve and shall have a threaded steel protective cap for handling and shipment.  Mount the cylinders in free-standing steel racks or on solid walls.  Arrange the cylinders and racks to ow a service aisle for cylinder removal and cylinder weighing.
Provide a beam scale for cylinder weighing.  Provide rack uprights with a weigh bar spanning the rack for support of a portable weighing device.  Provide a portable direct-reading beam scale for weighing cylinders in place by loosening cylinder clamps and disconnecting the discharge heads.  This arrangement shall permit the cylinders to be weighed in place without removal of the cylinders or rendering the total system inactive.
Systems of three or more cylinders shall have two pilot cylinders.  Systems of one or two cylinders shall have at least one pilot.  Pilot cylinders shall have discharge heads with a pressure-operated piston and a direct manual operator.
The cylinders shall be equipped with differential pressure valves.  No replacement parts shall be necessary to recharge the carbon-dioxide containers.
Each cylinder shall be fitted with a swivel joint pressure-operated discharge head.  Each head shall include an integral check valve to prevent major loss of CO2 during system discharge if the cylinder head is disconnected from the cylinder.
Each discharge head shall be connected to the manifold by a flexible hose.  One end shall have a union joint for connection to the discharge head without causing a twist in the hose.
Connect cylinders, including reserve cylinders when required, with a common manifold for each hazard area.  Each cylinder bank shall discharge through the manifold to common piping and discharge nozzles.   cylinders supplying a common manifold shall be interchangeable and of one standard size.  Two cylinders in each bank shall be provided with control heads if a total of three or more cylinders are required.  Actuation of the control heads on the “pilot” cylinders shall pneumatically actuate the remaining cylinders.
Manual-Discharge Stations:
The manual-release station shall provide a means of manually discharging the automatic fire extinguishing system when used in conjunction with the control panel.
Station shall be a dual-action type requiring that an outer door be lifted to expose the actuation door, to prevent accidental operation.  The concealed release switch shall be double-pole, double-throw (DPDT) type, equipped with a key-operated switchlock and reset, to keep the switch in the operated position until reset by means of a key.  Mark both sides of pull station with the legend “FIRE,” and the front with “CARBON DIOXIDE.” 
Control Unit:  The CO2 control panel shall be Fenwal “3210,” Chemetron “Micro IEV series,” or equal and shall perform the functions necessary to operate the detection and CO2 suppression system.  Locate the control unit as shown on the drawings.
Enclosure:  A wall-mounted, sheet-metal NEMA 250 type 1 enclosure suitable for protecting electrical circuits, with hinged, locked doors.
The control unit shall operate on 120 Vac, 50/50 Hz.  Power consumption shall be 10 W steady-state, with a peak requirement of 200 W. 
In the event of a loss of rectified power, visual and audible trouble signals shall be activated.
The control unit shall contain a self-contained, 24 Vdc emergency power supply.  The units shall have built-in rechargeable standby batteries to provide a minimum 24-hour emergency power.  A trouble signal shall be initiated if battery leads are disconnected or the battery is in an abnormally low state of charge.
Detectors:  Detectors shall be 135ºF (57ºC) rate-compensated thermal detectors; Fenwal “Detect-A-Fire,” or equal (no known equal).  Install detectors with a maximum spacing of 225 sq ft (21 m2) per detector.  Note:  Closer spacing may be warranted, based on unusual conditions such as very high airflow rates.  Install at least one detector directly in front of underfloor exhaust duct when the underfloor exhaust system is used for automatic smoke control.
Alarms:  Alarm signals shall be operated from the control unit.
Audible Alarm Units:  Upon entering the alarm mode, audible indication shall be supplied by the steady sounding of an alarm electronic sounder.  The sounder shall be polarized for full supervision, listed by UL or comparable NRTL, provide an output of 86-90 dBA at 24 Vdc, and have a red finish.   field wiring connections shall be made to terminal strips or wire leads on the device.
Visual Alarm Units:  Vertical strobe unit mounted on the audible-alarm unit or on an independent bracket.
Electrical Components:  Provide wiring in accordance with Division 16 Sections "Wiring Devices" and "Conduits". 
Install wiring in electrical metallic tubing (EMT) or metallic conduit.
Securely fasten system components to their support independent of the wiring.  Conduit and wiring runs shall be straight, neatly arranged, properly supported, and parallel or perpendicular to walls and partitions.
The sizes of the conductors shall be those specified by the manufacturer.  Comply with Division 16 Section "Wiring Devices" for color coding.  Tag wires at junction points and install free of grounds or crosses between conductors.  Final connections between equipment and the system wiring shall be made under direct supervision of a factory-trained representative.
All wiring shall be installed to conform to and comply with the requirements of NFPA 70, article 725 for class 1 signal systems, except as otherwise permitted for limited energy circuits, as described in NFPA 72.  
The complete electrical installation of the system and components shall be grounded in accordance with NFPA 70.
Coordinate connection requirements with power shutdown procedures if shutdown is desired.
Contacts:  Provide a minimum of [three] [     ] dry contacts for connections to the fire-alarm control panel (FACP) [, UPS shutdown,] and HVAC system shutdown.  Comply with division 16.
Graphic Annunciator:  Provide a modular, printed-circuit type annunciator, with key-locked hinged-door assembly, and manufacturer’s standard light-emitting diode (LED) and silk-screened plexiglass display.  Annunciator shall provide a graphic display of the protected area, using LED’s to indicate the location of the heat detectors and lock in both the rate-of-rise and the fused signal of the fire detectors.
SEQUENCE OF OPERATION FOR THE CO2 AND DETECTION
System Activation:
Alarm Functions:  The following system functions shall occur when a single thermal detector alarms or when a manual release is pulled:
Sound prerelease audible (steady tone horn/strobe).
Shut down the HVAC system and close necessary dampers.
Relay remote-alarm signal to the fire-alarm panel.
Close normally-open doors (when applicable).
Start 30-second time delay.
CO2 Discharge:
A time-delay expires.
The release is activated.
Coordinate power shutdown - or maintenance - with system design requirements indicated in Article 1.4 "Design Requirements".
Power is shut down to the room except for [emergency lighting and sump pumps)] [     ].
CO2 is discharged.
NAMEPLATES AND INSTRUCTION PLATES
Provide permanent-type nameplates in accordance with Division 21 Section "Identification for Fire Suppression Piping and Equipment" and condensed instruction plates to identify the emergency conditions.
EXECUTION
PIPING INSTALLATION
Install piping and equipment in accordance with NFPA 12.  Provide seismic bracing in accordance with Division 21 Section "Hangers and Supports for Fire Suppression Piping and Equipment".
Install exposed piping straight, and where possible, parallel or at right angles to walls unless otherwise indicated on the Drawings.  Group adjacent pipe lines parallel in the same horizontal or vertical plane.  Installed piping shall not interfere with the operation of or accessibility to installed equipment, shall not encroach on aisles, passageways, and equipment, and shall not interfere with the servicing or maintenance of equipment.
Use full lengths of pipe wherever possible.  Short lengths of pipe with couplings will not be permitted.
Make changes in direction of pipe by using pipe fittings.
Cut pipe to exact measurements and install without forcing or springing.
Avoid tool marks and unnecessary pipe threads.  Remove burrs formed when cutting pipe by reaming.
Ream pipe clean to remove dirt, loose slag, foreign matter, and oil.
Unless pipe is installed immediately after cleaning, tape or plug open pipe ends to prevent entrance of foreign materials.
After assembly, but before nozzles are installed, blow-out piping thoroughly with high-pressure air using a filter bag to trap material removed.
Erect and support piping to obtain flexibility and to prevent excessive stresses at joints or connections to equipment.
Install unions in piping connections to equipment.
Provide dirt and blow-out pockets approximately 18 inches (450 mm) long, beyond the last nozzle on each branch line.
Make changes in pipe sizes with reducing fittings; reducing bushings shall not be used.
Thread Preparation:   screwed pipe shall be coated with Teflon tape or an appropriate pipe-joint compound.  When tape or pipe joint compound is used, coating of the threads shall start at least two threads back from the pipe end.  On small piping, do not to ow sealant to enter valves or controls.
Install threaded valves such as selector valves, check valves, and solenoid valves with a union immediately downstream of the valve.  Install valves having more than two connection points such as shuttle valves and pilot valves, with a union adjacent to the valve in each connecting line.  Pipe connections to equipment items such as discharge-delay devices, pressure switches, and like items shall have a union adjacent to the equipment.
FIELD QUALITY CONTROL
General:  
Conduct testing in the presence of the University.  Notify the University at least 48-hours in advance of the tests.  Provide the equipment, material, and labor necessary for the inspections and tests.
The complete system shall be inspected and tested by factory-trained operators for each type of equipment.
If the system fails portion of the testing or inspection, the Subcontractor shall make the necessary corrections and repeat the appropriate tests and/or inspections at no additional cost to the University.
Pressure Tests:  Test the carbon-dioxide piping system with air or nitrogen at 225 psi (1550 kPa) gauge, with no loss in pressure for 4 hours.  Test the system from the storage tanks to system end-points.  Provide plugs, blank-offs, and like items when required to test the systems, and remove components that might be damaged by testing before proceeding.  Repair leaks detected during testing, retest the system, and repeat this procedure as necessary until the tightness of the system is proven.
Electrical Tests:  Test wiring for proper connection, continuity, and resistance to ground.
Performance Tests:  Conduct discharge tests in accordance with NFPA 12 for the area to be protected.  Use this test to certify the system performance and its ability to meet specifications.
Select appropriate site.
Submit proposed test procedures and secure University approval prior to the start of testing.  Test will be witnessed by the University and the [LLNL] [Site 300] Fire Marshal.
Operate system control components in accordance with factory-recommended procedures.
Test each detector in accordance with factory-recommended procedures.
Certification:
Submit a certificate of inspection signed and dated by the inspector and the University witness.  Include concentration field data and other relevant data.
Submit certificate that the completed system is unconditionally operational and is in full compliance with NFPA 12.
ACTIVATION
After successful completion of tests, charge the cylinders with carbon dioxide, and place fire-suppression system in fully-operational status.
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