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SECTION 23 09 10 – laboratory TRacking Systems and constant volume air valves
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. Furnish and install Phoenix Venturi Air Valves for all laboratory spaces and Vivarium areas as shown on the drawings. The Phoenix system is to be Bacnet integrated to the Building Automation System (BAS).
B. The Phoenix CELERIS system will be used for all Laboratory spaces that have chemical fume hoods / radioisotope hoods requiring full high speed actuator capabilities for proper VAV control. The Phoenix CELERIS system with low speed electric actuation will be used for all Laboratory spaces with no fume hoods but have additional sequence requirements as noted by the schedules and/or sequence of operation. All other spaces, such as equipment rooms, dark rooms, and environmental rooms, requiring general room pressurization control will utilize the Phoenix TRACCEL tracking pair system. A laboratory airflow control system shall be furnished and installed to control the airflow into and out of laboratory rooms. The exhaust flow rate of a laboratory fume hood shall be precisely controlled to maintain a constant average face velocity into the fume hood.  The system shall have the capabilities to provide constant face velocity control at either a standard / in use or a standby level based on an operator being present in front of the fume hood. The laboratory control system shall vary the amount of makeup/supply air into the room to operate the laboratories at the lowest possible airflow rates necessary to maintain temperature control, achieve minimum ventilation rates, and maintain laboratory pressurization in relation to adjacent spaces (positive or negative).  The laboratory airflow control system shall be capable of operating as a stand-alone system, or as a system integrated with the Building Automation System (BAS).
C. Installation of the air valves is by Division 23.  Wiring and interface to the Building Automation System (BAS) is to be furnished by Division 25.  Start-up and System Commissioning to be furnished by Divisions 23 and 25.
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 all references. 
1.04 submittals
A. Product Data:
1. Submit product data for valve electronic and electrical components and optional accessories.  Each air valve model product name, and model ordering number, design air flow rates and differential pressure requirements across the valve.
B. Record Documents:
1. Submit complete point-to-point wiring diagrams for each applicable room configuration as shown on the Owner’s Drawings.
1.05 warranty
A. Warranty shall commence upon the date of Owner acceptance and extend for a period of twenty-four months, whereupon, any defects in materials or system performance shall be repaired by manufacturer at no cost to the Owner.
B. During the Warranty Period, if a service contract for the routine care, calibration, parts replacement, or upgrade of the system is required or recommended by the manufacturer, or such a contract is to be offered to the Owner during or after the Warranty Period, such contract and services shall also be included during the Warranty Period at no cost to the Owner.
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 ACCEPTABLE manufacturer
A. Phoenix™ Controls Corporation, which is a subsidiary of Honeywell International, Inc. 
2.03 laboratory airflow control system
A. The Laboratory Airflow Control System (LACS) is a microprocessor-based airflow control system that is used for research laboratories and other critical room environments.  The LACS shall have a Bacnet™ interface for bi-directional communication with the BAS.  The LACS shall provide data values, alarms, and set points used in each room-environment control scheme to the BAS, and also provide remote diagnostics and comprehensive reports and trends through the BAS.
B. Each individual lab zone shall have a dedicated laboratory airflow control system. Each dedicated laboratory airflow control system shall support a minimum of twenty (20) network controlled airflow devices.
C. The laboratory airflow control system shall employ individual average face velocity controllers that directly measure the area of the fume hood sash opening and proportionally control the hood’s exhaust airflow to maintain a constant face velocity over a minimum range of 20% to 100% of sash travel.
D. The hood exhaust airflow control device shall respond to the fume hood sash opening by achieving 90% of its commanded value within one second of the sash reaching 90% of its final position with no more than 5% overshoot or undershoot of the required airflow. Rate of sash movement shall be between 1.0 to 1.5 feet per second.
E. The hood exhaust airflow control device shall have the capability of automatically switching between in-use and standby levels based on operator presence immediately in front of the hood. A presence and motion sensor shall activate the switching. The airflow control device shall achieve the required in-use commanded value in less than one second from moment of detection with no more than a 5% overshoot or undershoot.
F. The controller shall be integrated via Bacnet™ with the following points as a minimum;
1.  Fume Hood Exhaust Flow (CFM).
2. Supply/Make-up Airflow (CFM).
3. General Exhaust Flow (CFM).
4. Total Lab Exhaust Flow (CFM).
5. Total Lab Supply Flow (CFM).
6. Room Offset (CFM,).
7. Fume Hood Exhaust Low Flow Alarm.
8. Fume Hood Sash Position.
9. Common Fume Hood Emergency Exhaust Alarm (Digital Contact).
10. Occupied, unoccupied, and emergency modes (command and status) of operation and associated command able and adjustable points. I.e. Temperature set point, minimum and maximum airflow set point.
G. The Control Unit shall also accept direct input signals from the BAS.
2.04 Fume Hood Controller
A. linear controller shall be installed on the sash mullion of each hood and shall provide user interface/alarm functions and a linear control system, which translates the sash position into a proportional control signal to modulate the hood’s exhaust air valve.  Hood airflow shall be varied to maintain a nominally constant face velocity at the hood opening.  No air velocity sensors shall be employed.  Hood airflow shall be varied to maintain a constant face velocity over no less than a 5 to 1 change in the sash open area (change in sash position).  
B. Fume hood control system shall respond to and maintain the face velocity set point to ensure fume hood containment.
C. Provide a fume hood controller to receive a sash position signal from the sash sensor, process this signal and then output an exhaust airflow control signal to the hood exhaust valve.
D. The face velocity and minimum exhaust flow level of the fume hood shall be set at the fume hood monitor via trim pot adjustments.  Accurate adjustments of the face velocity shall be provided at the minimum and maximum sash positions.
E. An emergency exhaust switch with an audible and dedicated visual alarm shall be provided on each fume hood monitor to override the sash sensor and command maximum exhaust airflow.  Dedicated push to start, push to stop, pushbutton switches shall force the hood exhaust volume control device to its full flow position and force the supply valve to its specified minimum or maximum position.
F. Fume hood controller shall have a visual and an audible enunciator to alarm the occurrence of a low face velocity.  Muting of the enunciator will not cancel the visual alarm until the low flow condition is no longer present.  The fume hood alarm shall be initiated by:
1. A differential pressure switch located across a hood exhaust valve that senses a reduction in airflow of approximately 20 percent of set point.
2. When the airflow value sent to the hood exhaust valve by the control unit is different than the actual airflow feedback value.
3. The sash being raised above a specified height and/or specified area for fume hoods not sized for 100 percent opening.
4. The alarm wire being disconnected.
G. Fume hood controller shall include an LCD readout to indicate face velocity of hood; green LED indication for normal operation, yellow LED and audible alarm for an unsafe flow condition, yellow LED and audible alarm for night energy waste alert and red LED and audible alarm to indicate emergency exhaust operation.
H. A pushbutton switch shall be provided to mute the audible alarms.  The mute mode is automatically reset when the alarm condition ceases.
I. Each of the flows and system “offset” shall be adjustable.
J. A set of input contacts shall be provided inside the hood controller to remotely command the Emergency Exhaust mode from an external SPST contact.
K. Momentary or extended losses of power shall not change or affect any of the control system’s set points, calibration settings, or emergency exhaust mode status.  After power returns the system shall continue operation exactly as before without need of operator intervention.  Under no circumstances shall loss of power command the exhaust system to full flow upon return of power.
L. Control power for the hood controller shall be provided from the supply air control panel.
2.05 FUME Hood Sash Position Sensors
A. A sash sensor shall be provided to measure hood sash position and output a sash position signal to the hood controller.  The sash sensor shall consist of a precision ten turn potentiometer mechanically coupled to a constant tension spring reel.  A stainless steel, vinyl-coated cable shall be attached to the spring reel.  Expected lifetime based on manufacturer’s component data and tests shall be over 200,000 full height sash movements.
B. The hood sash position sensor shall be designed to meet the UL 913, Class 1, Division 1, Groups C and D, and methane standard for intrinsically safe equipment used in hazardous locations.
2.06 AIRFLOW Control devices
A. The airflow control device shall be a Phoenix Accel II venturi valve with an option for 100% shut-off capabilities. The valve assembly manufacturer’s Quality Management System shall be registered to ISO 9001:2000. The valve body is constructed of 16 gauge spun aluminum with continuous welded seam, composite Teflon shaft bearings, and a spring grade stainless steel spring in the slider assembly. Supply valves to be insulated with 3/8” flexible closed cell polyethelene insulation material. Airflow devices have an operating range of 32-122° F ambient at 10-90% RH.
B. The airflow control device shall be pressure independent over its specified differential static pressure operating ranges of 0.3”W.C – 3.0”W.C or 0.6”W.C – 3.0”W.C. An integral pressure independent assembly shall respond and maintain specific airflow within one second of a change in duct static pressure irrespective of the magnitude of pressure and/or flow change or quantity of airflow controllers on a manifold system.
C. The airflow control device shall maintain accuracy within ±5% of signal over an airflow turndown range as shown in the table below and stated by the venturi’s original manufacturer’s sizing chart in the “Ideal Selection Range” without exceeding 2000 FPM velocity through any airflow device and have no deviation or loss of accuracy through the entire range of the flow device.
	Pressure Drop Range
	Airflow 
	Turndown
	Valve Type

	0.6- 3.0 in w.c.
Medium Pressure
	Devices up to 1,000 CFM
	20 to 1
	Standard

	
	Devices up to 1,500 CFM
	16 to 1
	Standard

	
	Devices up to 2,500 CFM
	12 to 1
	Standard

	
	Devices up to 850 CFM
	17 to 1
	Shutoff

	
	Devices up to 1,300 CFM
	14 to 1
	Shutoff

	0.3- 3.0 in w.c.
Low Pressure
	Devices up to 550 CFM
	11 to 1
	Standard

	
	Devices up to 1,050 CFM
	11 to 1
	Standard


D. No minimum entrance or exit duct diameters shall be required to ensure accuracy and/or pressure independence.
E. The airflow control device shall maintain accuracy within ±5% of signal over an airflow turndown range without exceeding 2000 FPM.
F. The airflow control device shall be constructed of one of the following three types or classes:
1. Class A – Body and cone of uncoated aluminum; shaft uncoated stainless steel. 
2. Class B – Body and cone with phenolic coating; PFA coated stainless steel shaft. (For standard Fume Hood and Biological Safety Cabinet applications) 
3. Class C – Body, cone and hardware with phenolic coating; PFA coated stainless steel shaft. (For highly corrosive Fume Hood applications)
G. For two-position or VAV operation, an electric actuator shall be factory mounted to the valve.  Loss of control power shall cause the actuator to fail in last position.  When failed in last position, pressure independent airflow control is to be maintained by the airflow control device during power failure. Electric actuators that fail in last position exclusively are not acceptable.  Tracking pair low speed electric actuators fail in last position, but will continue to control air flow and be pressure independent with no power.
H. The controller for the airflow control devices shall be microprocessor based and operate using a peer-to-peer control architecture.  The room-level airflow control devices shall function as a stand-alone network or can be fully integrated.  
I. The room-level control network shall utilize a Lon Talk peer to peer communications protocol.
J. There shall be no reliance on external or building-level control devices to perform room-level control functions.  Each laboratory control system shall have the capability of performing; Fume hood control, Pressurization control, Temperature control, Humidity control, and implement Occupancy and Emergency mode control schemes.
K. The laboratory airflow control systems shall integrate digitally with the BAS through Bacnet™ SIP Ethernet connect.

L. Each airflow control device shall be factory calibrated to the job specific airflows as detailed on the plans and specifications using NIST traceable air stations and instrumentation having a combined accuracy of at least ±1% of signal over the entire range of measurement.  Electronic airflow control devices shall be further calibrated and their accuracy verified to ±5% of signal at a minimum of forty-eight different airflows across the full operating range of the device.  All flow data for any given device shall be stored at the factory and be available on presentation of the unique serial number within 24 hours.  Flow data for all valves shall be stored at a location away from the factory for disaster recovery purposes.

M.  All airflow control devices shall be individually marked with device specific, factory calibration data.  At a minimum, it should include: tag number, serial number, model number, eight point characterization information (for electronic devices), and quality control inspection numbers.  All information shall be stored by the manufacturer for use with as built documentation
N. Valves will be selected and sized to not exceed the flow and pressure ranges in the following table:
	Description
	Size
	Operating Range in CFM

               Single                               Dual
	Valve Type

	M- Medium Pressure

0.6” – 3.0
	8”
	35 - 650
	
	Standard

	
	10”
	50 - 900
	
	Standard

	
	12”
	90 - 1350
	180 - 2850
	Standard

	
	14”
	200 - 2300
	400 - 4750
	Standard

	M- Medium Pressure

0.6” – 3.0
	8”
	35 - 500
	
	Shut - Off

	
	10”
	50 - 800
	
	Shut - Off

	
	12”
	90 - 1200
	180 - 2500
	Shut - Off

	
	14”
	200 - 1500
	400 - 3000
	Shut - Off

	L- Low Pressure

0.3” – 3.0
	8”
	35 - 450
	
	Standard

	
	10”
	50 - 500
	
	Standard

	
	12”
	90 - 950
	180 - 1900
	Standard

	
	14”
	200 - 1300
	400 - 2600
	Standard

	L- Low Pressure

0.3” – 3.0
	8”
	35 - 350
	
	Shut - Off

	
	10”
	50 - 400
	
	Shut - Off

	
	12”
	90 - 850
	180 - 1700
	Shut - Off

	
	14”
	200 - 950
	400 - 1900
	Shut - Off


O. The shutoff airflow control device shall have shutoff and casing leakage of no more than:
	Static Pressure Across Valve in Shutoff
	Airflow 
	Shutoff Leakage
	Casing Leakage

	5.0 in w.c.
	Shutoff devices up to 850 CFM
	6 CFM
	0.12 CFM/ ft²

	
	Shutoff devices up to 1,300 CFM
	6 CFM
	0.12 CFM/ ft²

	
	Low leakage shutoff devices up to 850 CFM 
	0.005 CFM
	0.010 CFM/ ft²

	
	Low leakage shutoff devices up to 1,300 CFM
	0.010 CFM
	0.010 CFM/ ft²


P. 100% Shut-off sequence can be initiated through a universal input or remotely via the local area network from the BAS or a Local Display Unit. 100% Shut-off confirmation is available through a local digital output or an integrated point. The 100% shut-off confirmation is required by positive position verification. 

2.07 CONTROL FUNCTIONS
A. The airflow control devices shall utilize a peer-to-peer, distributed control architecture to perform room-level control functions.  Master/Slave control schemes shall not be acceptable.  Control functions shall at a minimum include, pressurization, temperature, humidity control and respond to occupancy and emergency control command.
B. Pressurization Control
1. The laboratory control system shall control supply and auxiliary exhaust airflow devices in order to maintain a volumetric offset (either positive or negative). Offset shall be maintained regardless of any change in flow or static pressure. This offset shall be field adjustable and represents the volume of air, which will enter (or exit) the room from the corridor or adjacent spaces.
2. The pressurization control algorithm shall sum the flow values of all Supply and Exhaust airflow devices and command appropriate controlled devices to new set points to maintain the desired offset. The offset shall be adjustable.
3. With the Celeris system, the pressurization control algorithm shall support the ability to regulate the distribution of total supply airflow across multiple supply airflow control devices or total general exhaust airflow across multiple exhaust airflow control devices in order to optimize air distribution in the space.
4. Where shown on the drawings, differential room pressure is to me monitored by a Critical Room Control. (CRC-RM)
a. The room pressure controller (Controllers) shall be capable of measuring the differential pressure between two individual spaces at all locations shown on the prints.  Each room shall have its own controller capable of stand-alone operation. Each monitor is capable of both visual and audible alarms. Each monitor will use direct pressure measurement utilizing industrial quality differential pressure transducer technology.
b. Implied pressure measurement systems utilizing thermal (hot wire or thermal mass) air velocity measurement are not acceptable.
c. Each monitor shall have an easy to navigate microprocessor based controller with full color TFT touch screen interface.  Touch screen shall be capable of displaying room conditions in full color i.e. Red screen for alarm. All settings and programming shall be made via simple touch screen.
d. Display shall be fully programmable with custom graphics and fonts.  Monitor will store all settings in non volatile memory. Monitor to be capable to incorporate custom JPEG’s or BMP’s for display. Monitor will continually display room differential pressure.  Monitor settings shall be accessed via programmable and password protected touch screen.  Monitor shall be capable of custom color, graphics and messages per the owner.  Monitor shall be recess mounted. Supply voltage shall be 24 volt ac/dc.  
e. The sensor shall continuously monitor and or control bi-directional room pressurization using direct pressure sensing referenced to the adjacent space.  Wall / ceiling mounted assembly fittings and stainless steel cover plate shall be provided with the controller as a complete unit.
f. The Isolation room system shall be the CRC-RM as manufactured by Critical Room Control (CRC) Milwaukee, Wisconsin or approved equal.
g. Performance:
1) Each monitor will use direct pressure measurement utilizing industrial quality differential pressure transducer technology.
2) Accuracy Class (F.S.): shall be 0.4 - 0.8%.  Accuracy includes the effects of linearity, hysteresis and repeatability. Stability maximum change F.S./year .5%.  Monitor shall be bi-directional.  Operating temperature shall be -40 to 180 degrees F.  The room pressure controller shall be factory calibrated.  The room pressure transducer shall factory calibrated with NIST traceable standards.
3) Each Monitor shall incorporate a high speed microprocessor based controller, designed for critical environment control applications.
4) Each monitor shall have four (4) universal analog inputs for 4-20mA, 0-5V and 0-10V jumper selectable.
5) Each monitor shall have two (2) 0-10V and two (2) 4-20mA analog outputs, four (4) digital inputs, and four (4) digital Contact (relay) outputs.
6) Each controller shall have a two (2) wire RS485 serial network interface.
7) The room pressure monitor shall be mounted in the corridor adjacent to the lab entrance. Monitor shall be in clear view for staff in corridor.
C. Temperature Control
1. The laboratory control system shall regulate the space temperature through a combination of volumetric thermal override and control of reheat coils and/or auxiliary temperature control devices.  The laboratory control system shall support up to four separate temperature zones for each pressurization zone.  Each zone shall have provisions for monitoring up to five (5) temperature inputs and calculating a straight-line average to be used for control purposes.  Separate cooling and heating set points shall be writable from the BMS, with the option of a local offset adjustment.
2. Temperature control shall be implemented through the use of independent primary cooling and heating control functions, as well as an auxiliary temperature control function, which may be used for either supplemental cooling or heating.  Cooling shall be provided as a function of thermal override of conditioned air with both supply and exhaust airflow devices responding simultaneously so as to maintain the desired offset.  Heating shall be provided through modulating control of a properly sized reheat coil.  
3. The laboratory control system shall also provide the built-in capability for being configured for Hot Deck/Cold Deck temperature control.
4. The auxiliary temperature control function shall offer the option of either heating or cooling mode and to operate as either a stand-alone temperature control loop, or staged to supplement the corresponding primary temperature control loop.
D. Humidity Control 
1. The Laboratory control system shall have an embedded humidity control function, which allows the monitoring and control of the relative humidity level in the pressurized zone. Using peer-to-peer control, the airflow devices shall have the ability to monitor the relative humidity level of the space and, based on a BAS writable set point, develop a control signal to drive one or the other humidification or dehumidification control circuits.
2. The humidity control loop(s) shall share a common set point, with a configurable dead band adjustment to prevent the humidification and dehumidification control functions to operate at the same time.
E. Occupancy Control 
1. The laboratory control system shall have the ability to change the minimum ventilation (supply airflow) and temperature control set points, based on the occupied state, in order to reduce energy consumption when the space is not occupied.  The occupancy state may be set by either the BAS, as a scheduled event, or through the use of a local occupancy sensor or switch.  The laboratory control system shall support a local occupancy override button that allows a user to override the occupancy mode and set the space to occupied, for a predetermined interval.  The override interval shall be configurable for 1 to 1,440 minutes.  The local occupancy sensor/switch, or bypass button shall be given priority over a BAS command.
F. Emergency Mode Control
1. The laboratory control system shall provide a means of overriding temperature and pressurization control in response to a command indicating an emergency condition exists and airflow control devices are to be driven to a specific flow set point.  The system shall support up to four (4) emergency control modes.  The emergency control modes may be initiated either by a local contact input, or BAS command.
2. Once an Emergency mode is invoked, pressurization and temperature control are overridden for the period that the mode is active.  Emergency modes shall have a priority scheme allowing a more critical mode to override a previously set condition.
G. Airflow Shut-off Function
1. The airflow control devices shown on the drawings and schedules as type SOV shall be capable of shut off function. Each device shall be capable of accepting a digital input to switch each individual air valve from the set point flow to shutoff position. This valve shall utilize an electric actuator with fail to last position operation. Feedback shall be available to indicate flow and shutoff. Confirmation of shut off shall be available through a digital output. These valves shall also be capable of network operation and being commanded to shutoff position from the BAS.
2.08 Terminal Unit Connections
A. Single valve terminal unit duct connections shall consist of round inlet connections suitable for flanged and bolted connection to rigid round duct as detailed on the Drawings.  If circular bolt flanges are not noted on the drawings, then the Phoenix Controls Valve Draw band Clamp kit shall be utilized on both the inlet and outlet connections to the ductwork. Standard slip-in duct connections with sheet metal screws and sealer is not acceptable. Where multiple valves are employed, a common inlet plate suitable for slip connection to a single rectangular duct inlet duct shall be factory installed on the terminal unit using a press fit and silicone seal connection.
2.09 BAS Integration
A. The room controllers shall be capable of direct communications with the existing BAS system via Bacnet SIP open protocol.
B. The BAS shall be interfaced to allow remote monitoring of specified controller outputs and inputs and shall be capable of resetting room temperature set point.  
C. The BAS interface must be installed and fully operational before the control system will be accepted.
D. The airflow control device shall have provisions to connect a notebook PC commissioning tool and every node on the network shall be accessible from any point in the system.
2.010 CONDUIT AND WIRING SYSTEM
A. Cabling for these systems shall be either fiber optic, 24 AWG shielded twisted copper pair, or a mix of both.  The Owner will consider exceptions to this requirement only if the laboratory tracking systems and constant volume valve manufacturer provides technical documentation, demonstrating that:
1. This system will not function unless a different type of cable is used.
2. The National Electrical Code requires cables to be shielded.
PART 3 -  EXECUTION 

3.01 PReparation
A. Provide a Project Manager, who shall, as a part of the Project Manager’s duties, be responsible for the following activities:
1. Coordination between the Contractor and all other trades, Owner, local authorities and the Architect/Engineer.
2. Scheduling of manpower, material delivery, equipment installation, and checkout.
3. Maintenance of construction records such as Project scheduling, manpower planning, and AutoCAD Drawings for Project coordination and As-Built Drawings.
B. Calibration: 
1. Each airflow control valve shall be factory calibrated to the Project specific airflows as detailed on the Contract Documents.  Valve shall be electronically calibrated / characterized at the factory by certified NIST traceable air stations.  The valve’s characterization shall be determined at eight (8) unique airflows including a test of the valve’s pressure independence at three (3) different static pressures.  A total of nineteen (19) airflow checks shall be performed and recorded for each air valve. All information shall be stored on computer diskette in ASCII format for future retrieval or for hard copy printout.
2. Field adjustment shall not be required other than minor changes as required by the TAB Firm. Accuracies and performance shall be guaranteed as specified irrespective of field conditions.
3. Air shall be maintained plus or minus 5 percent of the design air quantity setting (subject to valve maximum and minimum CFM limits) over an inlet static pressure rate of 0.3 or 0.6 to 3.0 inches static pressure.
3.02 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. Coordinate hood installation provisions with the project hood supplier.
D. Coordinate the placement and installation of the sash position sensor with Project hood supplier or manufacturer.
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