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FACILITY MONITORING SYSTEM
GENERAL
SUMMARY
Section contains the specification and input/output summaries for a Facility Monitoring System (FMS).  The system architecture shall use local space pickup devices and duct probes networked to an Air Sampling Network and Multi-Sensor Monitor(s).  The Air Sampling Network shall consist of Air Sampling Controllers and an air packet transportation network that shall transport air samples from environment being monitored to Multi-Sensor Monitor(s) located throughout the facility.  The FMS shall provide continuous air sampling of environmental conditions as prescribed in the Multi-Sensor Monitor section, report on those conditions via a web based user interface, and interface with other microprocessor based building subsystems as shown on the drawings and as specified. 
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BAS refers to the Building Automation System.  (Similar terms are: EMS, Energy Management System; BMS, Building Management System; or ATC, Automatic Temperature Control.)
LCS – refers to the Laboratory Control system
FMC refers to the Facility Monitoring System Contractor. The FMC is the Contractor responsible for the implementation of this specification section.
FMS refers to the hardware, software and other components comprising the Facility Monitoring System as herein described. 
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The FMC shall have support services within a 50 mile radius of Project Site and comply with the service requirements of a 48 hour response time.  Support services is defined as having complete parts inventory, having required test and diagnostic equipment, and have trained technicians on the systems specified herein. 
CONTRACTOR RESPONSIBILITIES:
The FMC shall furnish necessary hardware, software, and computing equipment required for a complete and functional system meeting the design intent and as defined in this specification.  
Installation of FMS components; and electrical work required as an integral part of this section as noted in Part 3 Execution including and not limited to Multi-Sensor Monitors, Air Sampling Controllers, Air Sampling Network, Space pickup devices, Duct Probes, Transformers, Vacuum Pumps, Network Servers, Air Sampling Tubing, etc. 
The FMC shall coordinate with the Electrical Contractor to provide a dedicated power source for the FMS.  Provide an emergency power source for buildings with an emergency generator.
SYSTEM REQUIREMENTS
Material and equipment used shall be standard components, regularly manufactured and available by the manufacturer and not custom designed especially for this project.  Systems and components, except site specific software, shall have previously been thoroughly tested and proven in actual use prior to installation on this project.
The system architecture shall be fully modular permitting expansion of application software, system peripherals, and field hardware.
The system, upon completion of the installation and prior to acceptance of the project, shall perform operating functions as detailed in this specification.
EQUIPMENT
System Hardware
The FMC shall provide the following:  Air Sampling Controllers, Multi-Sensor Monitors, Space pickup devices, Duct Probes, Network Servers, Vacuum Pumps, Air Sampling Tubing, Air Sampling Network, transformers, solenoids, relays, switches, sensing devices, indicating devices, uninterrupted power source (UPS) and transducers required to perform the functions listed.
System Software
The FMC shall provide software identified in this specification.  The database required for implementation of these specifications shall be provided by the FMC, including point descriptor, alarm limits, calibration variables, reports and point summaries.  The FMC shall provide and create the system database using the latest software release, at the time of Shop Drawing approval.
The FMC shall provide a BACnet compatible integration server and software to interface with the facility’s BAS as required.  
Building Ethernet Connection Cabling:
The University shall provide CAT-5e or CAT-6 cabling and installation between the Network Server and the University’s Building Ethernet Connection. Final Building Ethernet Connection shall be coordinated with the University’s IT Group.
Air Sampling Controllers and Multi-Sensor Monitors supplied shall be listed per Underwriters Laboratories UL916 - Energy Management Equipment.
The FMC shall have quality control procedures for design and manufacture of facility monitoring systems for precision monitoring, indoor air quality, energy savings and preventative maintenance.
The FMC shall provide test area attribute data and programming and shall coordinate object naming conventions and network map requirements with the University’s internal BAS department. 
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As soon as Submittals are prepared, an electronic version shall be provided.  This version shall be transmitted in electronic format, via e-mail, to expedite the review process.
Shop Drawings shall include:
Index:  The first sheet of the Shop Drawings shall be an Index of sheets in the set.
Legend:  A description of symbols and acronyms used shall be provided at the beginning of the set of Shop Drawings.
Communications Riser:  A single-page diagram depicting the system architecture complete with a communications riser.  Riser shall include space pickup devices and duct probe location locations and addressing for each Air Sampling Controller and Multi-Sensor Monitor.  Include a Bill of Material for equipment in this diagram and not included with the unique controlled systems.
Device Addressing Scheme:  Install equipment implementing an addressing scheme consistent with a reference-document.  The addressing scheme shall be submitted, reviewed and approved by the University prior to implementation
Point-to-point Wiring Details:  Drawings shall include point-to-point wiring details and must show field devices, Air Sampling Controllers, Multi-Sensor Monitors, panel devices, wiring terminal numbers and any special information (i.e. shielding requirements) for properly monitoring areas and controlling equipment.
As-Built Drawings shall conform to requirements in Division 01. 
CLOSEOUT SUBMITTALS
Operating and Maintenance Manuals
Operating and Maintenance (O&M) manuals for the system shall include project specific, detailed information describing the specific installation.  Manual shall contain as a minimum:
System overview
Networking architecture
Established test sequences and schedules
Hardware cut-sheets and product descriptions
Wiring diagrams for controllers and field hardware
Installation, mounting and connection details for field hardware and accessories
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The FMC shall have a local office or representative, staffed with factory trained engineers, fully capable of providing instruction, routine maintenance, and emergency maintenance service on system components.  The FMC shall be responsible for replacement of products supplied for a period of not less than 5 years following project substantial completion.  
COORDINATION
Coordinate layout and installation of wall and ceiling-mounted devices with existing wall and ceiling construction and other ceiling supported equipment, including light fixtures, HVAC equipment, fire-suppression system, and fire-rated partition or ceiling assemblies.
WARRANTY
Repair or replace any defective product and correct any defect in material or workmanship for a period of five years following the date of substantial completion of the system.  
PRODUCTS
AIR SAMPLING NETWORK
The Air Sampling Network of the FMS shall consist of networked based distributed Air Sampling Controllers for routing of discreet air and data packets from the designated test areas/locations back to the Multi-Sensor Monitor; or individual home runs of Air Sampling Tubing from the designated test areas/locations back to the Multi-Sensor Monitor.
Air Sampling Network shall include electronics, air solenoid valves, sampling manifolds, firmware, and software as furnished as an integral assembly within the Air Sampling Controller or the Multi-Sensor Monitor. Air Sampling Network shall use an internal, factory pre-assembled air sampling manifold to interface to the on-board solenoid valves, and push to connect speed fittings for ease of interface to the Air Sampling Tubing.  Romex connectors and knockouts shall be factory furnished and installed on the Air Sampling Controller and Multi-Sensor Monitor.  
Air Sampling Network shall receive commands from the Multi-Sensor Monitor to open the solenoid valve of each test area to be monitored while simultaneously closing other solenoid valves in the system.  A direct path between the test area and the sensors located with the Multi-Sensor Monitor shall be established to draw a continuous vacuum of air through the Air Sampling Tubing.  A continuous duty vacuum pump shall be provided for each Multi-Sensor Monitor.
Air Sampling Controller or Multi-Sensor Monitor shall be capable of sampling multiple test areas.  Air Sampling Controller or Multi-Sensor Monitor shall be sized and configured with the appropriate number of air sampling solenoid valves including hardware and software to accommodate the number of test areas noted on the plans and/or specifications; and the required sampling rate as noted in the Multi-Sensor Monitor section. 
Temperature Sensing – Additional Inputs/Outputs:
Air Sampling Controller or Multi-Sensor Monitor shall be capable of sensing per test area/sampling point the temperature at the space or duct via a local room temperature sensor or duct probe.  Local temperature readings shall be in addition to the sampled air data gathered through the Air Sampling Network. Temperature reading(s) shall be capable of being shared with and interfaced to the BAS through local hardwired analog outputs as noted below.    
Air Sampling Controller or Multi-Sensor Monitor shall be capable of accepting universal 0-10 v and 4-20 mA inputs, in addition to temperature sensors as noted above, and generating 0-10 v and 4-20 mA outputs through expansion boards for interfacing to the facility’s BAS and other third party devices and controllers.
Air Sampling Controllers shall operate on 24 Vac power fed from a common 120/24 Vac transformer provided by the FMC connected to the Multi-Sensor Monitor that serves the Air Sampling Controller.  Low voltage power shall be distributed to the Air Sampling Controller through the associated Air Sampling Tubing. 
SENSOR SUITE
The Sensor Suite shall be a distributed, network based, multipoint sensing device. The Sensor Suite shall be furnished as a complete, self-contained unit housing electronics, sensing card cage, sampling manifolds, flow regulators, pressure regulators, firmware, and software. 
The Sensor Suite shall provide communications between the Air Data Router sub network and the Information Management Server over an isolated RS-485 network. The Sensor Suite shall support communications with a sub network of 30 Air Data Routers; 30 other Sensor Suites, and an Information Management Server.
The Sensor Suite base unit shall consist of an enclosure; hinged door with keyed lock; terminations area for both field wiring and Structured Cable connections; a communications/processor board; electronic flow measurement and controller assembly; and sensor bay.
The Sensor Suite shall use a card cage to allow for the ease of selection and installation of a diverse array of environmental and specialty sensors. At a minimum, the Sensor Suite shall incorporate the sensors to meet the required applications as shown on Attachment 2.02.D at the end of this specification section.
The Sensor Suite shall be modular in nature, and allow for the addition and removal of the sensors for application specific sensing requirements, and ease of calibration and service. Additional, modular sensor bay expansion capabilities shall be provided for additional sensors.
The Sensor Suite shall house an on-board flow regulator, orifice plate, and differential pressure sensor to maintain a continuous, regulated flow rate through the Structured Cable.
On-board diagnostics shall continuously perform system checks. 
Each Sensor Suite shall contain a serial port for the interface with a portable computer. Sensor Suite and network interrogation shall be possible through this port.
Sensor Suites shall be capable of proper operation in an ambient temperature environment of 40 degrees F to 120 degrees F, 0 – 90% RH.
Sensor Suites shall have LED indication for visual status of communication and power.
Sensor Suites shall operate on 24 Vac power fed from a common 120/24Vac transformer connected to the Sensor Suite provided by the FMC. Transformer shall also distribute low voltage power to the Air Date Routers connected to the Sensor Suite through the associated structured cable. 
AIR DATA ROUTERS
The Air Data Router shall be furnished as a complete, self-contained, unit housing electronics, air solenoid valves, sampling manifolds, firmware, and software.  Unit shall be furnished with internal devices and wiring assembled and tested at the factory.
Air Data Routers shall receive commands from the Sensor Suite to open the solenoid valve of each test area to be monitored while simultaneously closing the other solenoid valves in the system.  A direct path between the test area and the virtual sensors located with the Sensor Suite shall be established to draw a continuous stream of air through the Structured Cable. 
Air Data Routers shall consist of an enclosure; terminations areas for both field wiring and Structured Cable connections; a communications/processor board; high capacity solenoid valves; and sampling manifold.
Air Data Router shall have provisions to interface to the FMS Structured Cable. Air Data Router shall use an internal, factory pre-assembled air sampling manifold to interface to the on-board solenoid valves, and push to connect speed fittings for ease of interface to the Structured Cable.  Romex connectors and knockouts shall be factory furnished and installed on the Router.   
Air Data Routers shall be capable of sampling of up to four test areas. Air Data Routers shall be sized and configured with the appropriate number of air sampling solenoid valves including hardware and software to accommodate the number of test areas noted on the plans and/or specifications. 
Air Data Router shall have the capacity to sense per test area the temperature at the room, duct or outside air via a room temperature sensor, duct probe, or outside air probe.  A total of four sensor inputs shall be provided that corresponds to the air sampling of the respective four test areas.
Air Data router shall be capable of accepting universal 0-10 Vdc and 4-20 mA inputs and outputs through expansion boards for interfacing to other third party devices and controllers.
Up to 30 Air Data Routers shall communicate on an isolated RS-485 network with the Sensor Suite.
Point data, algorithms and application software within the Air Data Routers shall be programmable from the Information Management Server.  Each Air Data Router shall contain both software and firmware to receive and perform full test sequencing schemes downloaded from the Server.
Each Air Data Router shall contain a serial port for the interface with a portable computer. Air Data Router and network interrogation shall be possible through this port.
Air Data Routers shall be capable of proper operation in an ambient temperature environment of 40 degrees F to 120 degrees F, 0 – 90% RH.
Air Data Routers shall have LED indication for visual status of communication and power.
Air Data Routers shall operate on 24 Vac power fed from a common 120/24 Vac transformer connected to the Sensor Suite that serves the Air Data Router. Low voltage power shall be distributed to the Air Date Routers through the associated structured cable. 
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The Information Management Server (Server) shall provide network management of Sensor Suites, integration to the BAS, and interface to the web based Aircuity Knowledge Center for viewing and outputting graphs, charts and data derived from the Facility Monitoring System. 
The hardware platform for the Server shall, at a minimum, consist of:
PC processor with minimum 64-bit word structure.
Minimum 1 GHz processor speed.
Minimum 256 MB on board RAM
Hard drive or equal high-speed data storage, minimum 20 gigabytes.
Network Interface Card: (10/100)  
RS-232 Serial Port
Operating System shall be Windows XP.
The University shall provide CAT-6 cabling and installation between the Information Management Server’s Network Interface Card and the University’s Building Ethernet Connection.  Final Building Ethernet Connection shall be coordinated with the University’s IT Group.
The Server shall be located within 25 feet of the nearest Sensor Suite and be connected to the Server through the RS-232 serial port. 
The Server shall be mounted within a ventilated and lockable wall mounted enclosure
STRUCTURED CABLE
The FMS shall use a pre-engineered system of Structured Cable to facilitate network wide communications; distribution of low voltage power to Air Data Routers and Sensor Suites; and provide a sampling conduit for air samples within a single cable.
The cable shall consist of a plurality of wires to distribute communications, data and low voltage power throughout the FMS.  As a minimum, Structured cable shall consist of:
Communications – 22 AWG twisted shield pair with drain wire
Low Voltage Power – 18 AWG, 3 wire
An inner pathway, MicroDuct, shall be furnished as an integral part of the Structured Cable to facilitate collection of test area air samples. MicroDuct shall be lined with a smooth, electrically conductive, chemically inert surface to insure air samples remain pure and uncorrupted and do not adhere to the wall lining during transport. Aircuity OSC or stainless steel tubing only.  No exceptions.  Polyethylene tubing, copper tubing, galvanized pipe are prohibited.  See below for stainless steel specifications.
Structured cable shall not require any specialized tools for installation. Installation of the cable shall follow traditional local area network practices.
Structured cable shall be suitable for riser and plenum applications, be Underwriter’s Laboratories Listed to UL CMP and C-UL CMP standards, and carry the appropriate markings throughout the cable length.  
Alternate provision for furnishing Air Sampling Tubing shall be to furnish:
A dedicated air sampling network interconnecting the Air Sampling Controllers, Multi-Sensor Monitors, and room/duct sensors consisting of Type 304 Stainless Steel Welded Tubing 5/16" OD, .273" ID, .020" Wall, McMaster-Carr part number 8989K92. Compression fittings and couplings shall be used and be a minimum of Type 304, or 316L Stainless Steel, McMaster-Carr part number 50715K262.  Traditional copper, plastic tubing, or variants thereof used in pneumatic controls or other processes shall not be acceptable. 
Dedicated wiring specifically used for the FMS consisting of a minimum of:
Communications – 22 AWG twisted shield pair with drain wire
Low Voltage Power – 18 AWG, 3 wire
ROOM SENSORS/DUCT PROBES
Room Sensors:  
A semi-flush mounted, room temperature sensor with an integral air sampling port are to be housed within one enclosure; the port within the enclosure will accept the MicroDuct from the Structured Cable.
Temperature Sensing Element: 
Platinum RTD: range -30 – 130F
Accuracy: + .30 F
Internal coarse filter to screen out large particulate matter from entering the MicroDuct.  
Terminations:  
Sensor – one wire
Power – three wire
MicroDuct – integral hose clamp
Duct Probe – Duct and Outdoor Air Mount
A duct temperature sensor and air sample probe is to be mounted within one enclosure. Duct sample probe to accept integral MicroDuct from Structured Cable.
Temperature Sensing Element:
Platinum RTD: range -30 – 130F
Accuracy: + .30 F
Internal coarse filter to screen out large particulate matter from entering the MicroDuct.  
Terminations:  
Sensor – one wire
Power – three wire
MicroDuct – speed fitting
Outdoor Air Locations – A NEMA 4X weatherproof enclosure shall be provided. 
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Each Sensor Suite will be equipped with a High Flow Vacuum Pump (HFP) that will draw samples from the sampling ports in the system, through the Sensor Suite, and then discharge them.  Samples will be discharged into the nearest exhaust duct so the samples are safely discharged from the building.
The HFP will meet the following specifications:
Maximum Vacuum pressure: 24 inches Hg
Minimum Flow Rate: 1.2 SCFM
Pump mounting: Pumps shall be mounted securely to prevent it from moving due to vibration, and in a location where the sound of the pump will not be heard outside the immediate area.  The pumps shall be mounted wall mounted on a bracket in a location that has adequate ventilation for cooling the pump.
Standby pump with automatic switchover:  Provides a second pump, identical to the first, with automatic switchover controller that will automatically take over should the on-line pump stop for any reason other than a complete failure of local AC power.  When the primary pumps stops for any reason, or there is some other condition resulting in a loss of vacuum at the SST, the standby pump will be placed in operation and a notification will be sent to the Aircuity remote data center, notifying customer support that the backup pump is in operation, prompting a field visit.  At any point, if there is a sustained loss of vacuum at the SST, a notification will be sent to the Aircuity remote data center, and BACnet points whose integrity is affected by the loss of vacuum condition will be marked as “unreliable”, which can be observed by the BMS, so that they can respond accordingly. The notification will be reset once the loss of vacuum condition is remedied.
Vacuum pump shall be oil-less type operation with permanently lubricated bearings, long-life diaphragm and balanced for smooth, low vibration operation. 
Provide pump with factory set pressure relief valve, muffler and mounting feet with rubber isolators.
Pump shall be hardwired for a permanent installation. 
OCCUPANCY SENSORS
Manufacturers:
Watt Stopper (The).
Or equal.
General Description:  Ceiling or wall-mounted, solid-state units, used only for HVAC.
Operation:  Switch HVAC airflow to occupied mode when covered area is occupied and to unoccupied mode when unoccupied; with a time delay for switching to unoccupied mode, adjustable over a minimum range of 1 to 30 minutes.
Sensor Output:  Contacts rated to operate the connected relay, complying with UL 773A.  Power supply to sensor shall be 24-V dc, 150-mA, Class 2 power source as defined by CEC.
Mounting:
Sensor:  Suitable for mounting in any position on a standard outlet box.
Time-Delay and Sensitivity Adjustments:  Recessed and concealed behind hinged door.
Indicator:  LED, to show when motion is being detected during testing and normal operation of the sensor.
Bypass Switch:  Override the on function in case of sensor failure.
Dual-Technology Type:  Ceiling or wall-mounting; detect occupancy by using a combination of PIR and ultrasonic detection methods in area of coverage.  Particular technology or combination of technologies that controls on and off functions shall be selectable in the field by operating controls on unit.  Sensor shall be capable of corner mounting to a wall or ceiling to eliminate detection through open doorways and outside of control area.  Both technologies must be complete and overlapping throughout the controlled area to provide immediate activation upon entry.
Sensitivity Adjustment:  Separate for each sensing technology.
Detector Sensitivity:  Detect occurrences of 6-inch minimum movement of any portion of a human body that presents a target of at least 36 sq. in., and detect a person of average size and weight moving at least 12 inches in either a horizontal or a vertical manner at an approximate speed of 12 inches/s.
Detection Coverage (Standard Room):  Detect occupancy anywhere within a circular area of 1000 sq. ft. when mounted on a 96-inch-high ceiling.
TRANSFORMER
Provide transformers to provide low voltage power to the Sensor Suite and Air Data Router. 
Provide one transformer for the Sensor Suite and a separate transformer for the Air Data Routers.  
Transformer specifications:  120 Vac primary, 24 Vac secondary, 96 Volt-amp rating, UL listed Class 2.
Provide with manual reset, 4 amp trip circuit breaker and dual junction boxes.  
SYSTEM SOFTWARE OVERVIEW
The FMC shall provide software required for operation of the FMS system specified herein.  Functionality described herein shall be regarded as a minimum.  The FMC shall provide the following as a minimum:
Completed database.
Configuration of Air Data Router, Sensor Suite, Server and user interface application programs.
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SYSTEM CONFIGURATION
Database Creation and Modification. Changes shall be done utilizing standard procedures. The system shall allow changes to be made at the local site through the Information Management Server.
The system shall permit the operator to perform, as a minimum, the following:
Add and delete points/objects
Modify point parameters
Create and modify control sequences and programs
Reconfigure application programs 
WEB BASED USER INTERFACE AND DATA MANAGEMENT SYSTEM
Included with the system shall be a fully integrated web based user interface and data management system.  The data management system shall be password protected and shall be able to store sampled data from test areas for online viewing and reporting.
Unlimited data access, viewing, report generation and remote data storage shall be provided with the FMS for the duration of the project commissioning and for the entire warranty period.
TEST SEQUENCING
The system shall allow the operator to designate any test area to be scheduled with an operator command through the Information Management Server.
The operator shall be able to make schedule additions, modifications and deletions to the test schedules.  The operator shall have the capability to edit schedules and then download schedule changes to the FMS.
EXECUTION
GENERAL
Verify that systems are complete and ensure that the systems are capable of being started and operated in a safe and normal condition before attempting to operate the FMS.
Install software in Air Sampling Controllers, Multi-Sensor Monitors and Network Server. Implement features of programs to specified requirements and as appropriate for sequence of operation.
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WIRING AND AIR SAMPLING TUBING INSTALLATION
FMC contractor shall install systems and materials in accordance with manufacturer's instructions, rough-in drawings and equipment details. Install electrical components Air Sampling Tubing and use electrical products complying with requirements of applicable sections of these specifications.
FMC contractor shall install wiring and Air Sampling Tubing neatly and professionally, in accordance with requirements of applicable installation section and California Electric Code.
FMC contractor shall provide wiring and Air Sampling Tubing as required by the functions specified.
FMC contractor shall install wiring, cables and Air Sampling Tubing in accordance with the electrical installation section and as follows:
Bundle and harness multi-conductor cable in place of single cables where several cables follow a common path.
Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against abrasion.  Tie and support conductors.
Exposed control wiring and Air Sampling Tubing in the mechanical, electrical, telephone, and similar rooms shall be installed in raceways.  
[bookmark: _Toc510251341][bookmark: _Toc510251429][bookmark: _Toc510321246][bookmark: _Toc510328318][bookmark: _Toc511193211][bookmark: _Toc511193381][bookmark: _Toc511193730][bookmark: _Toc25636054]Control wiring and Air Sampling Tubing shall be installed in a neat and workmanlike manner parallel to building lines with adequate support.  Both conduit and plenum wiring and Air Sampling Tubing shall be supported from or anchored to structural members.  Conduit, plenum wiring or Air Sampling Tubing supported from or anchored to piping, duct supports, the ceiling suspension system, is prohibited.  Wiring and Air Sampling Tubing buried in slab-on-grade concrete or explosion-proof areas shall be in rigid metal conduit.  Provide adequate strain relief for field terminations.
CONTROL DEVICE INSTALLATION
Room sensors and emergency pushbuttons shall be mounted in accordance with ADA Guidelines, unless otherwise noted on the drawings.  
Duct probes shall be installed per SMACNA guidelines and/or manufacturer’s installation instructions.  Existing duct insulation damaged during the installation of the probe shall be repaired to match existing conditions.  Provide duct sealant around penetrations of existing ductwork.
Freestanding enclosures and panels, server, pump and transformers shall be supported on steel Unistrut frames and shelving, or equal, and be securely anchored to the wall or floor and be well braced.
Enclosures and panels mounted directly to the wall shall be provided with a minimum airspace of one-inch between the enclosure and the wall.
A minimum of three foot working clearance shall be provided in front of enclosures and panels; clearance shall be ensured to permit the enclosure door to open at least 90° from its closed position.
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Install emergency pushbuttons/horns at exits of every laboratory. 
Install Occupancy Sensors or use existing to integrate with the FMS to achieve greater energy savings.
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Manufacturer’s recommendations shall be followed for proper placement and adjustment of sensors.
Install and aim sensors in locations to achieve 100 percent coverage of each lab space.  Do not exceed coverage limits specified in manufacturer's written instructions.
IDENTIFICATION
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[bookmark: _Toc510328324]Upon completion of the installation, the FMC shall start up the system and perform necessary calibration, testing, and debugging operations.  An acceptance test shall be performed by the FMC in the presence of the University’s Representative.  Acceptance test shall be scheduled with at least 10 working days advance notice.  
Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-assembled components and equipment installation, including piping and electrical connections.  Report results in writing.
After electrical circuitry has been energized, start units to confirm proper unit operation.  Remove malfunctioning units, replace with new units, and retest.
[bookmark: _Toc510328326]Demonstrate compliance with specifications, including calibration and testing, and air sampling test sequences.  Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation specified.
The acceptance test shall include, and not be limited to: 
The FMC shall verify the proper operation of input and outputs.
The FMC shall verify inputs meet or exceed manufacturer’s stated tolerances for accuracy.  The FMC shall verify that on-line graphical displays of air sampling test data accurately represent the real time state of the field conditions.
The FMC shall verify the reliability of communications of Air Sampling Controllers and Multi-Sensor Monitors.  The test shall include functional verification of interfaces and system integration required to meet the scope of this project.
Acceptance:  When the field test procedures have been successfully demonstrated to the University’s Representative and the system performance is deemed satisfactory, the system parts will be accepted for beneficial use and placed under warranty.  At this time, a "notice of completion" shall be issued by the University’s Representative and the warranty period shall start. 
FIELD QUALITY CONTROL
Perform the following field tests and inspections:
After installing sensors, and after electrical circuitry has been energized, adjust and test for compliance with requirements.
Operational Test: Verify actuation of each sensor and adjust time delays.
After installing wiring devices and after electrical circuitry has been energized, test for proper polarity, ground continuity, and compliance with requirements.
Remove malfunctioning units, replace with new units, and retest as specified above. 
Additional testing and inspecting, at Contractor's expense, will be performed to determine compliance of replaced or additional work with specified requirements.
DEMONSTRATION
Engage a factory-authorized service representative to train University's maintenance personnel to adjust, operate, and maintain control systems and components.
Train University's maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining equipment and schedules.
Provide operator training on data display, alarm and status descriptors, requesting data, executing commands, calibrating and adjusting devices, resetting default values, and requesting logs.  Include a minimum of 8 hours' dedicated instructor time on-site.
Review data in maintenance manuals.  Refer to Division 01.
Schedule training with University, through University’s Representative.  Refer to Division 01.
ON-SITE ASSISTANCE
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Occupancy Adjustments:  Within one year of date of Substantial Completion, provide up to three Project site visits, when requested by University’s Representative, to adjust and calibrate components and to assist University's personnel in making program changes and in adjusting sensors and controls to suit actual conditions. 


FACILITY MONITORING SYSTEM
	23 0910 - 2
When using CO2 for Demand Control Ventilation control change sensor to Model SEN-CO2-3 which is more accurate, quicker response time and lower resolution.  See latest Aircuity literature for any other updates to sensors.  Change to SEN-PAR-2 for vivariums.  Use SEN-TVC-1&3 for vivariums.  Use EFS-TVC-!&3 for demand based control of exhaust fans.
Attachment 2.02.D - Sensor Specifications:
	Model Number
	SEN-CO2-2A
	SEN-DPT-2
	SEN-PAR-1
	SEN-COM-1
	SEN-TVC-1&2

	
	CO2 Based Demand Controlled Ventilation (DCV) or Monitoring
	Dewpoint Temp,
Relative Humidity*, 
Enthalpy*, Monitoring or Control
	Particulate Monitoring 
or Control
	Carbon Monoxide
Monitoring or Control
	Combines the MOS sensor (SEN-TVC-1) and the PID sensor (SEN-TVC-2) into one assembly, while supporting the individual sensing capabilities of each. This configuration is recommended for Research Lab or Vivarium applications.

	Typical Application
	Sensor: Carbon Dioxide (CO2)
	Sensor: Dewpoint Temp (DPT)
	Sensor: Airborne Particulates - Small Particles PM2.5
	Sensor: TVOCs
	Sensor:: TVOCs  (SEN-TVC-1)
	Sensor: TVOCs (SEN-TVC-2)

	Element
	Dual Wavelength,
Non-Dispersive
Infrared Sensor
	Capacitive Polymer Sensor
	Optical Particle Counter
	Electrochemical Sensor
	Metal Oxide Semiconductor (MOS)
	Photoionization Detector (PID)-VOCs & other gases with ionization potentials <10.6eV

	Range
	0-3000 ppm
	0 to ambient DPT °F or 70°F, whichever is less
	PM2.5 - 0.3 - 2.5µm
	0-150 ppm
	Calibrated Range: 0-50 ppm (as Isobutylene) Maximum Range: 0-100 ppm (as Isobutylene)
	Calibrated Range: 
0-5 ppm (as Isobutylene)
Maximum Range:
0-20 ppm (as Isobutylene)

	Accuracy
	± 60 ppm 
	Dewpoint: ± 2°F RH: @ 65°F and ± 0.5°F ± 6% RH @10-60%RH ± 8% RH @ 61-90%RH
	± 25% of reading
	± 3 ppm or 5% of reading, 
whichever is greater
	± 2 ppm (as Isobutylene) or 25% of reading (whichever is greater)
	± 0.2 ppm (as Isobutylene) or 2.5% of reading (whichever is greater)

	Resolution
	3 ppm
	0.25°F DPT
	± 10% of reading
	1 ppm
	1 ppm
	0.01 ppm

	Response
	25 seconds
	30 seconds
	30 seconds
	60 seconds
	30 seconds
	30 seconds

	Repeatability
	± 5 ppm
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