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SECTION 23 0923
DIRECT DIGITAL CONTROLS (DDC) SYSTEM FOR HVAC (NIAGARA)
GENERAL
SUMMARY
Section describes required system requirements for the Building Automation System (BAS) consistent with the existing campus BAS systems distributed throughout the University's facilities running the Tridium Niagara 4 Framework.
Section includes but is not limited to:
Control and monitoring equipment for HVAC systems and components, including control components for terminal heating and cooling units
Integration with third party control, alarm, and monitoring systems such as lighting control systems, energy metering, UPS, generator, lab control systems, Facility Monitoring System, plumbing equipment, etc.
Building Automation System (BAS) functions include but are not limited to: 
Building equipment and systems monitoring; graphical user interface: 
Alarm notification and reporting through the campus-wide BAS network for:
Campus Facilities Management HVAC Shop Supervision and Control
Central Plant Supervision and Control
Normally delete following paragraph and subparagraph if no existing FMS (Aircuity) or project doesn’t show a LCC that providing FMS will payback over a 15 year period. 
Refer to specification Section 23 0910, “Facility Monitoring System” for minimum requirements.
In absence of a Facility Monitoring System functioning as the central carbon dioxide sensing and control function; provide local carbon dioxide sensors for high density spaces as required by the California Energy Code.
DEFINITIONS
0. Definitions and Abbreviations:
AHU			Air Handling Unit
BAS			Building Automation System
BMS			Building Management System, a.k.a. BAS
BTL			BACnet Testing Laboratories
CAV			Constant Air Volume, Terminal Unit
COV: 			Change of Value
CO2 or CO2		Carbon Dioxide
CU				Condensing Unit
Cx				Commissioning
DDC			Direct Digital Control
°F				Degrees Fahrenheit
EOR			Engineer of Record
Haystack: 		Open protocol semantic tagging library and supporting drivers
Hz				Hertz
LAN			Local area network
Management Level Network – 
University FACnet campus IP network
MAX			Maximum
MIN			Minimum
MS/TP			Master-slave/token-passing
PICS			Protocol Implementation Conformance Statement
PPM			Parts Per Million
PSID			Differential Pressure in pounds per square inch, or PSI
PSIG			Pounds Per Square Inch, Gauge Pressure
RH				Relative Humidity
SOO			Sequence of Operations
TCP/IP: 		Transport control protocol/Internet protocol
VAV			Variable Air Volume, Terminal Unit
VFD			Variable Frequency Drive
WC				Water Column
REFERENCES
0. The latest edition of the following standards and codes in effect and amended, and any applicable subsections thereof, shall govern design and selection of equipment and material supplied:
American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) Guideline 11 “Field Testing of HVAC Control Components.”
ANSI/ASHRAE Standard 135, BACnet protocols
California Building Code (CBC). 
UL 916 Underwriters Laboratories Standard for Energy Management Equipment, Canada and the US
California Electrical Code (CEC)
FCC Part 15, Subpart J, Class A.
EMC Directive 89/336/EEC (European CE Mark)
Following paragraph is only applicable to buildings with a smoke control system and is normally deleted. 
[UL-864 UUKL listing for Smoke Controls for any equipment used in smoke control sequences]
State and Federal Regulations and Codes in effect as indicated by the University.
SYSTEM DESCRIPTION
0. The existing campus BAS is comprised of virtual servers running Tridium Niagara 4 software managing the centralized graphical interfaces, alarming, scheduling, and specific building optimization programming. These servers interact with each other and with BACnet IP building automation data from hardware based BAS controllers located in each University Facility Building (field controls). 
Provide field controls and programming necessary to integrate the work with the Niagara system, and maintain basic (stand-alone) control during loss of communication between the Niagara system and the field controls. The BAS shall conform to the Campus Standard controls architecture while delivering a fully open architecture that can be competitively serviced. This prohibits using products where only one provider is assigned a sales territory or products where only manufacturer-approved providers have access to the licensed software tools required to service the system. Provide a system ready for integration into the campus Niagara BAS.  This includes coordination with the University’s integrator to verify correct BACnet overrides and priorities.  
Niagara supervisors, (for information only) provided by University: 
Niagara graphics supervisor. The central interface to BAS data using graphics, alarm consoles, and scheduling tools provided by the Niagara software to display BAS data and provide this user functionality. The University provides the graphics supervisor. University is responsible for licensing or initial software installation associated with the graphics supervisor.
Niagara optimization supervisor. The optimization supervisor communicates via BACnet to field devices. The optimization supervisor provides ASHRAE Guideline-36-based high-performance optimization-programming including but not limited to scheduling and zone-voting based air-temperature and static-pressure resets. The optimization server contains alarm extensions and required trending to be configured and exported to the Niagara graphics supervisor. The University provides the optimization supervisor. University is responsible for licensing or initial software installation associated with the optimization supervisor. 
Deliver a BACnet IP based field control network.  Field level equipment controllers (air handlers, fan coils, terminal units, chilled and hot water stations, etc.) shall be native-BACnet controllers with no proprietary extensions or requirements for proprietary, non-competitive service software for on-going maintenance.  Provide Niagara-based controllers without license restrictions or custom modules and services.  Integrate field level devices to the campus Niagara supervisor servers through the campus facilities network (FACnet).  The Field control network shall be comprised of distributed programmable controllers using the latest protocols and LAN standards as defined by ANSI/ASHRAE Standard 135 BACnet for Building Automation and Control Systems.  Configure local field devices and network such that upon failure of connections to the Niagara optimization server, the controllers detect the failure and null optimization setpoints such that the field controls fall back to basic operation at design condition setpoints for optimized setpoints. 
Field level monitoring devices and controllers, including terminal units, shall connect via BACnet IP.  University prohibits serial networks.  The University’s Office of Information Technology (OIT) will provide a new VLAN for the building by and coordinate with the University’s Representative for provisioning and addressing.  BACnet IP addressing to be coordinated with other BACnet systems, including but not limited to lighting controls, metering, lab air systems, air quality monitoring, and other specialty systems. 
Field controller basis of design shall be, Distech Eclypse, or equal, product conforming to the requirements herein. The BAS shall provide complete monitoring and control capabilities.
The BAS shall control HVAC systems and other systems when required, and connect to other systems for alarms, meter readings, or as required by points list under Part 3. 
The BAS shall be custom programmable, which prohibits the use of application based programs. 
Utility meters shall communicate to campus Niagara and “SkySpark” servers through BACnet IP protocol. 
When project has redundant systems then redundant controls shall be provided starting at redundant electrical power circuit breakers, power supplies, UPS, controllers, wiring, etc. 
Approved Manufacturers of Building Level BACnet IP Equipment and Zone Controllers.
Distech Controls
Cylon FBXi Series, ABB
Or equal conforming to the specified requirements herein. 
Provide a fully integrated Building Automation System, incorporating direct digital control (DDC) for environmental controls, energy management, equipment monitoring and control, and subsystems.  Installation of the control system shall be in accordance with approved shop drawings, bills of materials, point-to-point wiring diagrams, and sequences of operation.
Coordinate means and methods for delivery of turnkey BAS controllers with each discipline. Installation of terminal VAV controllers on mechanical equipment prior to on-site installation is preferred. Regardless of installation means and methods auxiliary sensors and valve actuators shall be included, labeled, terminated, and configured to operate with the BAS controllers prior to on-site installation. University’s General Commissioning authority must approve BAS controller programming prior to installation.
Materials and equipment shall be standard components, regularly manufactured for building automation systems.  University prohibits custom designed components specifically for this project.  Systems components shall have been thoroughly tested and proven in actual use for at least two years in the United States of America commercial or industrial controls industry.
The preferred space control method is dry bulb temperature with additional instrumentation as shown on the drawings for specialty applications.  Consideration to alternate technologies, for example infrared temperature sensing, is on a case-by-case basis.  Unless they provide specific defined control functions such as demand-controlled ventilation, humidity, or CO2 monitoring of space zones, is prohibited.  Zones shall use a thermostat that allows the occupant to adjust temperature setpoint control.
University prohibits the BAS to control mechanical equipment for fire or smoke life safety. 
University uses a site-wide, BAS integrated enterprise server running SkySpark Analytics for fault detection and issue resolution.  Support integration work with a third-party analytics provider.  This includes proper point naming at each level of the BAS architecture, testing, and troubleshooting of live data connections.
Provide support for issues identified during third party commissioning.
ACTION SUBMITTALS
0. Submittals, record documents, operations manuals shall be indexed.  Provide manufacturers PDF documents and shall include searchable text and bookmarked indexes.  Scanned documents are prohibited.  Provide the following submittals with a minimum drawing size of 11 x 17 inches and maximum 22 x 34 inches. 
Nodes. Each TCP/IP node shall include:
Device Description
Device Name
IP Address (Coordinate with University’s Representative required)
BACnet Instances (Coordinate with University’s Representative required)
BACnet IP network numbers
Physical location (Room number or location description)
Dedicated I/O locations
System Control Drawings
Schematic System Diagrams
Instrumentation with point name, range and address
Controls Wiring
Sequence of Operation
Bill of Material
Detailed controller layout & wiring drawings
Points List I/O Spreadsheet 
Point Name
Type
Description
Function
Address
Signal (input or output)
Device Range
Engineering Units
Controller Spreadsheet
Model Number
Firmware revision
IP Address
MAC address
License Information
Sequences of Operations
Include sequences based on the Sequence of Operations provided by the engineer of record.
Sequences for large special function rooms such as auditorium, classroom, banquet halls, training centers with multiple mechanical zone equipment, shall meet requirements specified. Submit specific details regarding sensor selection, quantity, location to support a control strategy that meets the requirements of the space.  If not specified, coordination with University’s Representative is required prior to installation or programming of BAS components in these space types.
Shop Drawings shall include:
Schematic flow diagrams showing fans, pumps, coils, dampers, valves, sensing devices, safety devices, and control devices
Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between manufacturer-installed and field-installed wiring.
Details of control panel faces, including controls, instruments, and labeling.
Written description of sequence of operation
Schedule of dampers including size, leakage, and flow characteristics
Schedule of valves including size, type, leakage, and flow characteristics
Network Diagram:  Detail network design, showing control composite with controllers, sub-systems, interface equipment, gateways, and showing connection method to controlled and monitored systems and equipment.  Diagram shall give an overview of proposed work and shall indicate which discipline shall be responsible for providing hardware necessary to integrate sub-system control systems.
Trunk Cable Schematic: Showing programmable control unit locations and trunk data conductors
Full points list of connected data points, including connected control unit and network input devices.
Alarm matrix showing points alarmed, priority, and notification lists.
Point naming convention database describing unique names for programmed I/O points and critical internal control variable (AV) points. For each point, note which points will be overridable for commissioning, testing, and from the front-end operator workstation.
System graphics indicating monitored systems, data (connected and calculated) point addresses, and operator notations.
System configuration showing peripheral devices, batteries, power supplies, diagrams, and interconnections.
Field Test Reports: Indicate and interpret test results for compliance with performance requirements. 
Project Record Documents:  Record actual locations of control components, including control units, thermostats, and sensors.  Revise Shop Drawings to reflect actual installation and operating sequences and set points established during commissioning.
Product Data:  For each type of product include the following: 
Table of contents for each submission
Construction details, material descriptions, dimensions of individual components and profiles, and finishes.
Provide BACnet points list for controllers detailing the description, function, address, and specific naming of each point so that it may be identified upon discovery during integration to the optimization server database. Construction details, material descriptions, dimensions of individual components and profiles, and finishes.
Operating characteristics, electrical characteristics, and furnished accessories indicating process operating range, accuracy over range, control signal over range, default control signal with loss of power, calibration data specific to each unique application, electrical power requirements, and limitations of ambient operating environment, including temperature and humidity.
Product description with complete technical data, performance curves, and product specification sheets
For data sheets that apply to multiple product configurations, identify actual model number and option selections to be installed
Installation, operation, and maintenance instructions including factors effecting performance
Bill of materials of indicating quantity, manufacturer, and extended model number for each unique product
When product data sheets apply to a product series instead of a specific product model, clearly indicate, and mark only applicable information. Do not use highlighting pens as the marks often photocopy or scan as black and become unreadable
Each submitted piece of product literature shall clearly cross reference specification and drawings that submittal is to cover
INFORMATIONAL SUBMITTALS
0. Qualification Data:  For firms and persons specified in "Quality Assurance" Article.
CLOSEOUT SUBMITTALS
0. Maintenance Data:  For DDC control systems to include in maintenance manuals. Include the following:
Maintenance instructions and lists of spare parts for each type of control device, electronic control cabinet and compressed air station.
Interconnection record document wiring diagrams with identified and numbered system components and devices.
Keyboard illustrations and step-by-step procedures indexed for each operator function
Inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances
Calibration records and list of set points
Operation and Maintenance Data: For DDC system to include in emergency, operation, and maintenance manuals.
In addition to items specified in Division 01,  Operation and Maintenance Data, include the following:
Project Record Drawings of as-built versions of submittal Shop Drawings provided in electronic PDF format.
Testing and commissioning reports and checklists of completed final versions of reports, checklists, and trend logs.
As-built versions of submittal Product Data
Names, addresses, e-mail addresses, and 24-hour telephone numbers of Installer and service representatives for DDC system and products
Operator's manual with procedures for operating control systems including logging on and off, handling alarms, producing point reports, trending data, overriding computer control, and changing set points and variables.
Programming manuals with description of programming language and syntax, of statements for algorithms and calculations used, of point database creation and modification, of program creation and modification, and of editor use
Engineering, installation, and maintenance manuals that explain how to:
Design and install new points, panels, and other hardware.
Perform preventive maintenance and calibration.
Debug hardware problems.
Repair or replace hardware.
Documentation of programs created using custom programming language including set points, tuning parameters, and object database.
Backup copy of graphic files, programs, and database on electronic media such as DVDs
List of recommended spare parts with part numbers and suppliers
Complete original-issue documentation, installation, and maintenance information for furnished third-party hardware including computer equipment and sensors.
Complete original-issue copies of furnished software, including operating systems, custom programming language, operator workstation software, and graphics software.
Licenses, guarantees, and warranty documents.
Recommended preventive maintenance procedures for system components, including schedule of tasks such as inspection, cleaning, and calibration; time between tasks; and task descriptions.
University training materials
Software and Firmware Operational Documentation:  
Software operating and upgrade manuals
Program Software Backup:  On a magnetic media or compact disc, complete with data files.
Device address list.
Printout of software application and graphic screens
Software license required by and installed for DDC workstations and control systems.
WARRANTY
0. Provide services, installation, materials, and equipment necessary for the successful operation of the project BAS system for a period of two (2) years upon issuance of the project’s Certificate of Substantial Completion.  This warranty is in addition to the warranty and defective work requirements of the contract documents.  
Sequence of Operation programming issues due to misinterpretations, sequence program errors, or deviations from a system’s original, or formally changed, operation shall be corrected at no additional cost to the University.
Hidden or assumed conditions that initially appear right and later found to be defective or incorrect shall be rectified to their proper state or purpose. 
Coordinate with the University’s Representative to continuously correct deficiencies discovered by University’s Representative during normal occupied building operation.  This shall not be counted as training time.  
Prior to the beginning of the warranty period, provide a vendor warranty certificate that includes:
Provide warranty issue management practices overview including issue tracking policies.
Warranty begin and end dates
24-hour dispatch phone number
Service request Email address.
Service personnel with cell phone numbers
Authorized service manager for scheduled repair commitments
Two (2) month prior to the warranty expiration date herein, provide all program upgrades available from the manufacturer including software revisions, controller firmware revisions, and security patches.  At the expiration of the warranty period, software and firmware shall be the manufacturer’s latest stable release of market products.
A University request for a warranty service response shall be on a 24/7 basis.  Provide a service request acceptance acknowledgement within one hour.   
Non-Emergency Service shall be provided within the next two business days after receiving an acceptance notification. Furnish telephone numbers and Email address where service representatives can be reached during normal business hours.  Service personnel shall be at the site the next business day after receiving a request for service.
Emergency Service shall be provided within two hours after receiving an acceptance notification. Furnish telephone numbers and Email address where service representatives can be reached.  Service personnel shall be at the site within 24 hours of receiving a request for service.
The University will maintain a log of warranty issues. Log will be the master project record used to resolve open warranty items. 
QUALITY ASSURANCE
0. The BAS system shall be engineered, installed, commissioned, and serviced by the manufacturers authorized local representative.  Personnel shall be factory trained with a minimum of 3 years’ experience in the installation and maintenance of BAS and HVAC systems similar in size and complexity to University’s BAS system.   The manufacturer shall also have a maintenance service center operating 24/7 within 50 miles of the Irvine campus.  The service center shall have technical staff, spare parts inventory and necessary test and diagnostic equipment.
Have at least 2 full-time journeyman employees who are certified and proficient in installing and programing the provided equipment with relevant project experience at the time of bid and contract award. One of these employees must be included in a project staffing plan and assigned to the project upon award for its duration. Provide resumes for staff members included in the project staffing plan. Resume to include years in trade and relevant project examples for each staff member. Employees who coordinate with the University’s Niagara master systems integrator shall be Niagara 4 TCP certified or be familiar with Niagara BAS integration.
[bookmark: _Toc484001886]BAS controllers shall be BTL certified.
BAS controllers must be serviceable competitively by multiple providers within a given region or territory. Products not permitting competition within single regions or territories are prohibited. This includes associated software and service tools for equipment.
Materials and equipment shall be the catalogued products of manufacturers regularly engaged in production and installation of automatic environmental control systems and shall be the manufacturer’s latest standard design that complies with these specification requirements.
Systems, equipment, components, accessories, software, and installation hardware must be new, free from defects and currently in production.
[bookmark: _Toc484001888]Provide the same manufacturer components of a given type product throughout the project.
[bookmark: _Toc484001889]Install and operationally check systems using factory-trained competent technicians skilled in the setting and adjustment of equipment used in this project.
[bookmark: _Toc484001890]Test, adjust, and calibrate end to end instruments prior to commissioning
[bookmark: _Toc484001893]Install devices in appropriate enclosure and in an accessible location.
[bookmark: _Toc484001894]Install systems and devices in a neat, orderly, and workmanlike manner in accordance with manufacturer's recommendations.
[bookmark: _Toc484001895]Continually monitor the field installation for code compliance and quality workmanship.
[bookmark: _Toc484001896]Remove and re-install any systems or devices where installation does not meet project intent or required level of quality. 
[bookmark: _Toc484001897]Comply with health and safety regulations.
[bookmark: _Toc484001898]Include automatic restart logic for controllers due to loss of power, safeties, fire alarm shutdown, etc.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in CEC (NFPA 70), Article 100, by a testing agency acceptable to University’s Representative, and marked for intended use.
Comply with California Mechanical Code, “Installation of Air Conditioning and Ventilation Systems.”
Mercury-filled, gas-filled, or liquid-filled thermometers are prohibited.
DELIVERY, STORAGE, AND HANDLING
0. Factory-Mounted Components:  Where control devices specified in this Section are indicated to be factory mounted on equipment, arrange for shipping of control devices to unit manufacturer.
COORDINATION
0. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and room details before installation.
Coordinate equipment with Division 26 Section "Lighting Control Devices" to achieve compatibility with equipment that interfaces with that system.
Coordinate equipment with Division 28 Section "Digital Addressable Fire-Alarm System" to achieve compatibility with equipment that interfaces with that system.
Coordinate supply of conditioned electrical circuits for control units and operator workstation.
Coordinate equipment with Division 26 Section "Panelboards" to achieve compatibility with starter coils and annunciation devices.
Coordinate location of control cabinets, conduit, and pneumatic tubing runs with Electrical, Mechanical, Fire Alarm, and Security disciplines to ensure that panels, conduits, and pneumatic tubing runs are accessible for maintenance and operation and that there is no duplication of effort in installing conduit and tubing supports.  
Room numbers:  Confirm room numbers being used in programming are the final assigned numbers provided by the University.
Coordinate point naming in accordance with the University’s naming specification and to support analytics platform integration. Coordinate third-party integration capability, including point access, tagging, installation of Haystack drivers on JACE and overridability, for University’s on-going fault detection and analytics.
The vendor shall provide a detailed project design and installation schedule with time markings and details for hardware items and software development phases.  Schedule shall show the target dates for transmission of project information and documents, and shall indicate timing and dates for system installation, debugging, and commissioning.
PRODUCTS
SYSTEM PERFORMANCE
0. Provide instrumentation to meet or exceed the following measured variable tolerances:  
Instrument						Plus or Minus Tolerance
Airflow, Terminal Equipment	5% of full scale
Carbon Dioxide				30 ppm		
Pressure, Differential 			0.5 psi
Pressure, Space				0.01 inch WC		
Pressure, Water				1% of full range not more than 2 psi
Space Temperature			0.5°F
[Instrumentation for control of operating rooms, patient care, and other specialty applications shall be as noted on the drawings or sequences of operation.]
MANUFACTURERS
0. Building Automation System basis of design is Distech Controls or equal product conforming to the requirements herein. BAS devices installed will be BTL-listed BACnet devices and must communicate by Ethernet IP only. Proprietary field level protocols are prohibited. System shall seamlessly interface with the Niagara 4 Tridium Supervisor servers via BACnet IP. 
Products must be serviceable competitively. Products not permitting competition within single regions or territories are prohibited. This includes associated software and service tools for equipment.
Ensure PICS conformance of devices to be integrated to the building automation or optimization server. Resolve BAS controller performance issues associated with PICS conformance, such as timeouts, network speed issues, or other.
DDC NETWORK COMMUNICATION AND OPERATOR WORKSTATION
0. Operator Station:  Microcomputer station with keyboard, mouse, and monitor.
Modify hardware in paragraph and subparagraphs below as required for current technology.  These are the minimum requirements at the time of writing this specification.
Workstation:  IBM-compatible microcomputer with minimum configuration as follows:
Processor:  Intel® Core i7
Random-Access Memory:  8 GB+.
Cache Memory:  1,024 kB+
Graphics:  Intel HD graphics 
Monitor:  minimum 24 inches, color, LED type flat widescreen.
Keyboard:  QWERTY, 105 keys in ergonomic shape.
Solid State Hard-Disk Drive:  500GB.
Mouse:  Three button.
Operating System:  Microsoft Windows latest version supported by the University.
Network Connection: Ethernet and fiber optic connection.
Port Communication: USB interface ports 
Printer.
<UPS Backup Capacity: 30 minutes of operation required>.
FIELD DEVICES 
Current Switches (CS):
Provide solid-state, adjustable trip point, current operated switch.  Provide a CS which changes switch contact state in response to an adjustable set point value of current in the monitored A/C circuit.  Split core for existing motor installations and solid core for new motor installations. Hawkeye HX08 series with LED status light.  
Adjust the relay switch point so that the relay responds to motor operation under load as an “on” state and so that the relay responds to an unloaded running motor as an “off” state.  A motor with a broken belt is considered an unloaded motor.
Provide for status device for fans and pumps.
Variable speed motors current sensors shall be microprocessor-based current status switches for accurately monitoring status of motors controlled by variable frequency drives.  Hawkeye H904 or H934, or equal, stores the sensed amperage values for normal operation at various frequency ranges in non-volatile memory.  On VFD locate the current sensor on the power feed to the drive and not the VFD output.  This information allows the device to distinguish between a reduced amp draw due to normal changes in the frequency and an abnormal amp drop due to belt loss or other mechanical failures.
Select the appropriate ampere range setting based on installed motor specifications to ensure the range of the current sensor correlates with the expected current of the motor. 
Weather Stations for Temperature and Humidity 
Use the existing University East or West campus weather station for outside air conditions.  Coordinate which station to use with University’s Representative. 
Thermostats:
Room thermostats shall be of the gradual acting type with adjustable sensitivity.
They shall have a bi-metal sensing element capable of responding to a temperature change of one-tenth of one degree Fahrenheit. Provide thermostats with limit stops to limit adjustments as required.
Thermostats shall be arranged for either horizontal or vertical mounting.
In the vertical position thermostat shall fit on a mullion of movable partitions without overlap.
Mount the thermostat covers with tamper-proof socket head screws.
Room Thermostat Cover Construction:  Manufacturer's standard locking covers.
Set-Point Adjustment:  Concealed in public multiuse areas and exposed in private offices or limited user areas.
Set-Point Indication:  Concealed for concealed set-point adjustment and exposed for exposed set-point adjustment.
Thermometer:  Concealed for concealed setpoint adjustment and exposed for exposed set-point adjustment.   Spiral bimetal.
Color:  White.
Orientation:  Vertical unless architectural layout will not allow vertical installation.
Locate thermostats as shown on the plans in accordance with ADA access requirements and University directions. 
Terminal Unit Temperature Sensors – 
Duct temperature probes for VAV terminal duct temperature measuring shall be a type II or III thermistor scaled for the range of the measured variable.  Provide a conduit box for field wiring terminations on VAV duct mounted units. 
Room Temperature Sensors: Digital room sensors shall have LCD display, day / night override button, and setpoint slide adjustment override options.  Cover shall be white.  The setpoint slide adjustment can be software limited by the automation system to limit the amount of room adjustment.  
Temperature Monitoring Range: +20 to 120°F 
Output signal: Changing Resistance.
Accuracy at Calibration Point: ±0.5°F.
Set Point and Display Range: 55 to 95°F.
Liquid Immersion Temperature Sensor and Transmitter:
Description:  Complete temperature sensing system consisting of a head, sensor, extension, and well. The “Well” is a pressure-tight, fitting made for insertion into piping tee fitting, Weldolet®, or Thredolet®. The sensor goes inside the well and the head contains the connection to the system. The extension provides distance for lagging clearance or other purposes.  Comply with Campus Standard details.
Each temperature sensor shall be resistance type fabricated with reference grade platinum wire, 100 ohm RTD based on a "Din Curve."  
Two separate temperature signals shall be individually transmitted to the BTU computer via separate wiring.  Accuracy of the system shall be ±0.5F. or ±0.1% of the measured temperature.  
The temperature sensor assemblies shall be provided for insertion into separate 316L stainless steel thermowells that are threaded into the pipe using Thredolet® fittings at locations approved by the University’s Representative and in accordance with Campus Standard details. 
The final assembly shall be removable to allow insertion of a thermometer into the thermowell. 
Transmitter shall be matched to RTD. 
Manufacturer shall be Minco model AS5 or equal and sensor range will match the medium that it will measure.  Where differential or supply and return temperature is being measured provide matched pair temperature sensors with certificate from manufacturer. 
Standard:  ASME B40.200.
Materials:  Cast aluminum head and 316 stainless steel well. Assemble and submit materials to minimize galvanic corrosion. 
Threaded Cap Nut: With chain permanently fastened to well and cap.
Well Type:  tapered shank.
External Threads:  NPS ¾, or NPS 1, ASME B1.20.1 pipe threads.
Internal Threads:  ¾, and 1 inch, with ASME B1.1 screw threads.
Bore:  Diameter required matching thermometer bulb or stem.
Insertion Length:  Extend ⅓ to ⅔ of internal diameter into pipe.
Lagging Extension:  Include for systems installed in insulated piping and tubing. Extension shall be two inches nominal and provide not less than ½” free space between the bottom of the head and the outside surface of the finished existing piping insulation. For example: In six inch pipe, with four inches of insulation, the lagging extension would be not less than 3½ inches, assuming Thredolet® adds 1-inch. Ensure that temperature sensor is located at or near the bottom of the thermowell.
Sensor:  1000 ohm platinum RTD to 500°F, matched pair.
Pressure Rating:  Not less than piping system design pressure.
Air Immersion Temperature Sensors: 
Duct (single point) Temperature:
Temperature Monitoring Range: +20 to 120°F 
Output Signal: Changing resistance, 4-20 mA, or 0-10 V DC
Accuracy at Calibration Point: ±0.5°F.
Duct Averaging Temperature and Transmitter:
Temperature Monitoring Range: +20 to 120°F 
Output Signal: 4-20 mA, or 0-10 V DC.
RTD: 1,000 ohms at 0°C.
Accuracy at Calibration Point: ±0.25°F 
Sensor Probe Length: 24-foot for duct. For air handler coils, provide length selected in accordance with coil size.  Probe must cross coil long length at least twice.
Outside Air Temperature:
Temperature Monitoring Range:  20 to 120°F. 
Output Signal: 4-20mA, or 0-10 V DC.
Accuracy at Calibration Point: ±0.5°F 
Liquid Differential Pressure Transmitter: with 3-valve manifold:
Ranges:	0-50 psi.
Output: 4-20mA or 0-10 V DC.
Calibration Adjustments: Zero and span.
Accuracy: ±0.25% of full span.
Linearity: ±0.2% of full span.
Hysteresis: ±0.10% of span.
Differential Pressure:
Unit for fluid flow proof shall be Penn P74 or equal.
Range: 8 to 70 psi.
Differential: 3 psi.
Maximum Differential Pressure: 200 psi.
Maximum Pressure: 325 psi.	
Differential Static air flow switches shall be Siemens Building Technologies SW141 with high accuracy static pressure sensor 269-062, or equal.
Setpoint Range (field adjustable)/Accuracy:
0.05 to 1.0 inch WC / @ 1” ±0.2” (SPDT automatic reset)
1.0 to 12.0 inches WC / @ 12” ±1.5 (SPDT automatic reset)
1.0 to 12.0 inches WC / @ 12” ±1.5”  (SPST manual reset)
Static Pressure Sensor Range:
-0.25 to 0.25 inches WC
0 to 0.5 inches WC
0 to 1 inches WC
0 to 2 inches WC
0 to 5 inches WC
0 to 10 inches WC
Output Signal: 4-20 mA or 0-10 VDC.
Operating Temperature: -40° to 175° F. 
Manual reset switch shall be used for applications requiring safety lock out of the fan. 
Automatic reset switches shall be used for applications requiring positive proof of airflow or fan operation or to detect high differential pressures associated with dirty air filters or similar maintenance alarms not requiring safety lock-out of the fan. 
Air Pressure Sensor:   Low differential pressure transducer shall be Setra model 264 or equal:
Range: 
0 to 0.1 inch WC	
0 to 0.25 inch WC 
0 to 0.5 inch WC 
0 to 1.0 inch WC 
0 to 2.0 inches WC 
0 to 5.0 inches WC 
0 to 10.0 inches WC 
Output signal: 4-20 mA or 0-10 V
Accuracy: ±0.4% of full scale.
Warranty: 3 year unconditional.
Low differential shall be used for room pressurization for critical environments, VAV fan control, lab and fume hood control, and energy management systems. 
Humidity Sensors and Transmitter:
Range: 0 to 100% RH.
Sensing Element: Bulk Polymer.
Output Signal: 4-20mA DC.
Accuracy: At 77°F ± 2% RH.
Dew Point/Humidity Transmitters:
Omega model HX200HD or equal.
Operating Range: 40  to 140°F & 0% to 99% RH (non-condensing)
Sensing element:  304 stainless steel probe, mesh SS filter, and fitting.
Output Signal:  4-20 mA loop powered.
Dew point accuracy:  ±1.0°C from 20°C to 40°C (-4° to 104°F),
Display:  LCD 2 line digital with 0.1 resolution with switches to show Fahrenheit dewpoint and dry bulb air temperature.  
NIST traceable calibration with certificate. 
Current to Pressure  (I-P) Transducer:
Range: 
4-20mA 
0-10 V 
Output Signal: 3-15 psig or 6-30 psig
Accuracy: ± 1% of full scale.
Pressure to Current  (P-I) Transducer:
Range: 
3 to 15 psig or
6 to 30 psig 
Output Signal: 4-20mA or 0-10 V
Accuracy: ± 1% of full scale (± 0.3 psig).
Output Signal: 4 – 20 mA VDC.
Combined Static Error:  0.5% full range.  
Operating Temperature: -40º to 175º F. 
ELECTRIC DAMPER ACTUATORS
0. Actuators shall be direct mount type with a torque rating of 200% of the designed damper operating requirements.  Provide damper actuator end switches where required for damper sequencing, positive position indication, or control interlock wiring.  The actuators shall have a de-clutching override to permit local manual damper operation without electric power or a control signal. Provide actuator with feedback signal in accordance with system design. Actuators shall be manufactured by Belimo, Johnson, Honeywell, or equal.
Electric Damper actuators shall be brushless DC motor technology with stall protection, bi-directional, metal housing, manual override, independently adjustable dual auxiliary switch.
For parallel fan isolation damper actuators, provide fail safe spring return closer.
The actuator assembly shall include the necessary hardware and proper mounting and connection to a standard half-inch diameter shaft or damper blade.
Actuators shall be designed for mounting directly to the damper shaft without the need for connecting linkages.
Actuators having more than 100 lb-in torque output shall have a self-centering damper shaft clamp guaranteeing concentric alignment of the actuator’s output coupling with the damper shaft.  The self-centering clamp shall have a pair of opposed vee-shaped toothed cradles with each cradle having two rows of teeth to maximize holding strength.  A single clamping bolt shall simultaneously drive both cradles into contact with the damper shaft. 
Actuators having more than a 100 lb-in torque output shall accept a one inch diameter shaft directly, without need for auxiliary adapters.
Actuators shall be designed and manufactured using ISO 9000 registered procedures, and shall be listed under Standards UL873 and CSA22.2 No. 24-93 l.
Actuator Accessories:  Equip each unit with visible position indicators, go-second stroke-cycle adjustable stroke stops, installation hardware, positive feedback positioners, and adjustable start and operating ranges, and for parallel fan isolation dampers provide spring return to “failsafe” position.
AUTOMATIC CONTROL VALVES 
0. Control Valves: Factory fabricated, of type, body material, and pressure class based on the maximum pressure and temperature rating of the piping system, valves shall fail in the closed position unless otherwise indicated.
Sizing:  Select valve Cv for a head loss of 10 feet (4.33 psi), 50% of coil pressure drop at design flow rate, or 20% of system differential pressure, whichever is greater.
Flow rates greater than 99 GPM shall be V-ball type.
Two-way valves:
Chilled water valves shall fail closed.
Flow Characteristic: Equal Percentage.
Two position valves shall be line size.
May be used in conjunction with flow limiter to create pump minimum flow system. 
Three-way valves:
Campus Chilled Water System: Prohibited for any application
Install in flow-to-open position.
Building Heating Water System: Ends of runs and domestic water heaters, or as approved by the University. 
Flow Characteristic: Linear on bypass port. Equal Percentage on main port. 
Heating and cooling control valves 2½ NPS and larger shall have equal percentage flow characteristics.  
Materials: Bronze, Stainless Steel, or Cast Iron bodies, with stainless steel trim, flanged ends, renewable metallic, PTFE, or RPTFE internal components as manufactured by: 
Fisher, 
Nihon KOSO, 
Samson Controls, 
Valtek. 
Or equal.
Valves shall be able to close off against system differential pressures of 100 PSID.  
The valve body shall be cast iron, ductile iron, or bronze with Class 150 flange connections.  
The valves shall have pressure ports for water balance flow measurement and able to be manually set to a design flow rate.  
Rating:  ANSI Class 150.
Internal Construction:  Replaceable stainless steel balls. 
Shutoff Capability:  Actuators shall close valves against pump shutoff head pressure – minimum 100 psi differential. 
Actuators shall provide visual indication of valve position.
Leakage Class: ANSI/FCI 70-2 Class IV or better. 
Minimum Turndown ratio:  50:1.
Chilled water control valves ½ to 2 NPS shall be bronze-body globe, or vee-ball valves with equal-percentage control characteristics. 
Threaded 300 WOG. Soldered-end valves are prohibited. 
Provide 316 stainless steel trim and stem.
Provide temperature sensors in supply and return water piping for AHU coils.  A common supply water sensor maybe used.  A return water sensor is required off each respective coil section for an air handler unit with multiple coils. 
Valves shall be able to close off against system differential pressures of 100 PSID. 
Leakage Class: ANSI/FCI 70-2 Class IV or better. 
Actuators shall provide visual indication of valve position. 
Minimum Turndown ratio:  50:1.
Provide and connect components in accordance with the Campus Standard Details. 
Heating coils water control valves 2 inch and smaller  
Materials:  Red brass containing not less than 85% copper or bronze body, 316 SS trim, rising stainless steel stem, renewable disc, and screwed ends. Or 316 or equivalent stainless steel body. Provide complete material composition for review by the University. 
Manufacturers:
Baumann, 
Johnson Controls, 
Leslie, 
Samson, 
Or equal.   
Rating:  ANSI Class 150.
Internal Construction:  Replaceable plugs and seats of stainless steel, bronze, or Monel. Globe valves shall be single seated. 
Shutoff Capability:  Actuators shall close valves against pump shutoff head pressure – minimum 100 psi differential. 
Actuators shall provide visual indication of valve position. 
Leakage Class: ANSI/FCI 70-2 Class IV or better. 
Minimum Turndown ratio:  50:1.
Zone Reheat Control Valves ½ to 2 NPS shall be stainless steel, red brass containing not less than 85% copper, or bronze body, 316 stainless steel trim, stainless steel stem, and screwed ends. Provide complete material composition only for brass or bronze body valves for review by the University.
Manufacturers:
Belimo
Griswold
Johnson Controls,
Siemens, 
Or equal.
Rating:  Class 150 for service at 200 psig and 250°F operating conditions.
Sizing:  3-psig maximum pressure drop at design flow rate, to close against pump shutoff head or 100-psi differential.  DDC percent open feedback positioners are not required.
Flow Characteristics: Valves shall have equal percentage characteristics. 
Actuators: Spring return is not required. Actuator shall provide visual indication of valve position. 
Type: Terminal unit valves may be globe or characterized-port ball valves. 
An automatic flow limiting device will be installed downstream of every control valve. See specification section 23 2113, “Hydronic Piping and Valves.”
Valves for outdoor installation shall have NEMA 4 actuators.  Weather proof covers are prohibited.
[Steam Valves (Not used at the Irvine campus for HVAC operations). Consult with University’s Representative for any steam valve applications. Where used at the UCI Medical Center, typically, steam control valves will be similar to valves used in the high temperature water system as described in specification 23 2400].  
Isolation control valves shall be 2-position line size gate valves with cast or ductile iron body and flange connections.  Valves shall be ANSI Class 150. Provide non-rising stem resilient wedge type (AWWA C509) for chilled water and rising stem OS&Y bronze or stainless fitted gate valves for heating water[, or steam]. Valves shall have NEMA 4X, AUMA, or equal actuators with mechanical end switches providing feedback that monitors the full open and the full closed position of the valves.  Provide hand wheel cranks for manually positioning the valves.
Control valve actuator shall have spring returns and shall fail to the closed position, except terminal zone reheat control valves shall fail to present position, unless University’s Representative provides written direction otherwise. 
Butterfly control valves are prohibited.
HIGH TEMPERATURE WATER CONTROL VALVES
0. High Temperature Water (HTW) control valves are a special installation requiring more than ordinary care in selection, and installation. Close coordination with the University’s Representative is required to achieve a successful installation. Refer to specification section 23 2400, “High Temperature Water System” for control valve specifications and HTW requirements.
FLOW METERS
0. Refer to specification section 23 0522, “Energy Flow Meters for HVAC.”
[bookmark: _Hlk16600502]NIAGARA 4 CENTRAL GRAPHICS AND ALARMS SUPERVISOR (BY UNIVERSITY)
0. The central graphics and alarms supervisor is a Niagara 4 Tridium server residing on the University’s enterprise BAS network. University will provide graphics and alarms.
Alarm extensions reside in the graphics and alarms supervisor only 
NIAGARA 4 OPTIMIZATION SUPERVISOR (BY UNIVERSITY)
0. [bookmark: _Toc484002250]Optimization supervisors are Niagara 4 Tridium servers residing on the University’s enterprise BAS network. University will provide optimization programming. 
The optimization supervisor shall have the ability to perform the following routines:
Zone demand-based temperature and pressure setpoint control resets
Time-of-day scheduling
Calendar-based scheduling
Holiday scheduling
Temporary schedule overrides
Start-Stop Time Optimization
Automatic Daylight Savings Time Cut-over
Night setback control
Alarm extensions and export to graphics supervisor
Trending extensions and export to graphics supervisor
Licenses
Provide a complete set of product licenses for systems and third-party software used in system development, including documentation for applications, databases, browsers, communications software etc.
University shall be the named license holder of software.
The license will include 5-year maintenance for software support and upgrades.
The license device/point count shall be large enough to support the integration of network devices connected to the associated optimization supervisor plus minimum of 15% spare capacity.
Conform to the point & optimization supervisor naming conventions furnished by University’s Representative. No deviation in naming convention will be accepted.
The University will assign a range of static IP addresses to apply to IP network devices. 
BACnet bindings shall be retained point-to-point where possible.
Analytics system will be provided, installed, and integrated by University’s Representative. Provide supporting labor to clarify local BAS information required for a complete integration.
BAS SYSTEM CONTROLLER
0. System controller basis of design is Distech S1000 Ethernet controller or equal conforming to the requirements described herein the 23 0900 specification. Refer to specification 01 2500, “Substitution Procedures” for any deviations from the basis of design.
System controllers must be serviceable competitively. Products not permitting competition within single regions or territories are prohibited. This includes associated software and service tools for equipment.
System Controllers shall be used for the following applications:
Air Handling Units 
Plenum Exhaust Fans
Building Heating Hot Water Pumps and System 
Building Chilled Water Pumps and System
Building High Temperature System
Room Pressurization
Steam Generators, Condensate, and Feedwater systems
Domestic Water Heater and Storage tank system
Miscellaneous controlled loads as defined by the plans and specifications.
Provide approved I/O controller with remote input output modules to adequately cover objects listed in the plans and specifications. 
Advanced programming ability shall include PID loops, time delay, schedules, real-time clock, stage sequencing, logical gates, mathematical and comparator functions, psychometric functions, and persistent values. 
Inputs shall be software configurable for contact closure, resistance, 0-10VDC, and 4-20 mA. 
Outputs shall include TRIAC, relay (0-12 VDC), analog 0-10 VDC or 4-20 mA.
Controllers shall interface to Building Supervisor using BACnet IP protocol. 
No auxiliary or non-BACnet controllers shall be used.
Programming of System Controller shall be completely modifiable in the field over installed LANs or remotely using the site IP network. 
Controller program variables and BACnet objects shall be written at a priority level less than 10. Priority levels 10 through 1 are reserved for University use.
BAS ZONE CONTROLLER
0. Zone Controller units shall be used for the following applications:
VAV Terminal Units
Chilled Beam Units
Radiant Floor Zones
Fan Coil Units
VAV Laboratory Airflow Controls
<Add other controllers to be used on the project>
The Zone Controller basis of design is Distech Eclypse Ethernet controller, or equal, conforming to the requirements described herein.  Refer to specification 01 2500 Substitution Procedures for any deviations from the basis of design.
Zone controllers must be serviceable competitively. Products not permitting competition within single regions or territories are prohibited. This includes associated software and service tools for equipment.
Advanced customizable programming shall include PID loops, time delay, schedules, real-time clock, stage sequencing, logical gates, mathematical and comparator functions, psychometric functions, and persistent values.  
Inputs shall be software configurable for contact closure, resistance, 0-10VDC, and 4-20 mA.
Outputs shall include TRIAC, relay (0-12 VDC), analog 0-10 VDC or 4-20 mA.
The Zone Controller shall be BACnet BTL listed as an Application Specific Controller 
For VAV applications a differential pressure sensor shall be provided integral to the controller for airflow measurement applications.
Design zone system to have less than 50% bandwidth use on any network or segment. 
Mount zone controller units outside of equipment and accessible for maintenance.
Zone controllers shall provide sufficient internal memory for the specified control sequences and have at least 25 percent of the memory available for future use.
Provide weather protection where required for control devices located outdoors. Include provisions for supplemental ventilation when control devices must be located within outdoor control panels.
Programs and parameters shall be stored in nonvolatile memory.
The ability to access parameters and program remotely.
Controller program variables and BACnet objects shall be written at a priority level less than 10. Priority levels 10 through 1 are reserved for University use.
BAS THIRD PARTY CONTROLLER INTEGRATIONS
0. Third Party Controllers refer to equipment controllers to be integrated to the BAS for the following applications:
Uninterrupted power supply, or battery backups units
Emergency power generators
Packaged Equipment provided with manufacturer provided controls including but not limited to:
Computer room air conditioning units
Rooftop or ground mounted air conditioning units
Fan coil and heat pump units
Pump skids
Heat exchanger skids
Controllers will be specified as BACnet IP wherever possible. BACnet MSTP is acceptable for third party equipment provided with onboard controls where BACnet IP is unavailable from the manufacturer. Provide a BACnet MSTP to IP router for each MSTP controller in this situation.
Available information from third party controller will be integrated to BAS including but not limited to the following as it applies to each piece of equipment:
Uninterrupted Power Supply
Alarm status
Operating mode status
Power demand and consumption
Remaining battery life
Charge status
Emergency and standby power generators
Generation power demand and consumption
Automatic transfer switch status
Generator alarm status
Automatic transfer switch alarm status
Generator gauge instrumentation data
Packaged Equipment
Alarm status
Air and water temperature and humidity data
Operating mode status
Critical control variables and setpoints
Final points list for third party integrated devices is the responsibility of the BAS provider and shall be included in BAS submittal package for coordination and review by the University. Refer to BAS design drawing details for additional project specific data points.
BAS BUILDING NETWORK COMMUNICATION
0. BACnet IP protocol is the required protocol of the network between the optimization server and zone controllers.  BACnet defines a comprehensive set of object types and application services for communication requirements among levels of control in a distributed, hierarchical building automation system. BACnet is intended to provide a single, uniform standard for the BAS to provide interoperability
Controllers must allow for the exposure of data points as readable and writable BACnet objects. AI, AV, AO, BI, BV, BO, MV, schedule objects, or other data point relevant to configuration or operation of the controller and be available, or capable of being made available as writable BACnet objects. Controllers that do not comply are prohibited. 
BACnet MS/TP and serial communication protocols are prohibited. No exceptions. 
MISCELLANEOUS DEVICES
Fan Inlet Airflow Measuring Station (Provided by unit manufacturer):
Each station shall contain total and static pressure sensing manifolds, internal piping and external pressure transmission ports with flexible tubing and quick-connect fittings.  Fabricate of galvanized steel, size for fan inlet in which mounted.  Maximum pressure loss through station of 0.08 inches water gauge at 1500 fpm.  Station shall have accuracy of ±2%.  Identify by model number, size, area, and specified airflow capacity.
Normally delete the option in the following paragraph.  If Division 26 occupancy sensors are to be used close coordination between MEOR and EEOR is required. 
Occupancy Sensor: Dual technology, motion and passive infrared, with time delay, sensitivity control, and 180-degree field of view with vertical sensing adjustment, for flush mounting. [Occupancy sensor provided and mounted by Division 26.] 
Carbon-Dioxide Sensor and Transmitter:  
Duct mounted CO2 sensors shall be Vaisala model GMD20 or equal.  
Wall mounted CO2 sensors shall be Vaisala model GMW80 series or equal.  
CO2 sensors shall use single-beam, dual-wavelength Non-Dispersive Infra-Red (NDIR) detector for extremely stable and reliable readings.
CO2 sensor may be combined with space temperature sensor. 
CO2 sensor and transmitter shall provide reliable and maintenance-free operation for up to 15 years. 
Uninterruptible Power Supply (UPS):
UPS will be sized to maintain panel or computer for a minimum of 30 minutes.
Eaton Powerware with hardwire connection or equal.
120 VAC 60 Hz input and output power ±10%
Transfer time 0 ms.
150% surge capacity.
0-40°C operating temperature.
CONTROL PANELS
Controllers, relays, switches, etc., located in equipment rooms shall be mounted in enclosed control panels with hinged locking doors.  Key locks for panels shall be keyed alike. The indoor enclosures will be rated, as a minimum, NEMA 1 when installed above ceiling, or in conditioned telecom rooms, and NEMA 12 when located within mechanical rooms, electric rooms, tunnels, or other unconditioned, dusty, wet, or damp spaces.
Indicating devices shall be mounted on the face of the control panel door where specified.
Control devices, including digital indicators, located in areas subject to outside weather conditions shall be mounted inside weatherproof enclosures rated NEMA 4x.
The location of each panel is to allow convenient access for maintenance.  Panels shall be mounted in equipment rooms, not in offices or public access areas.
Nameplates of engraved plastic or metal describing the function of the device shall be permanently attached beneath each panel mounted control device. 
Power supply shall be dedicated circuit.  Provide locking circuit breaker and label breaker “ATC Panel in Room No. xxx.”
HVAC major equipment on emergency or standby power circuits shall have control panels with a 30 minutes back up power on an uninterruptible power supply and be connect to emergency circuits. 
Normally delete following article on “Air Supply” except if project has pneumatic controls and rarely used any more.  
AIR SUPPLY
0. Control and Instrumentation Tubing:  Type L or Type K, seamless copper tubing complying with ASTM B88 or Type ACR, copper tubing complying with ASTM B280.
Fittings:  Cast-bronze solder fittings complying with ASME B16.18; or wrought-copper solder fittings complying with ASME B16.22, except forged-brass compression-type fittings at connections to equipment.
Joining Method:  Soldered, brazed, dual-ferrule compression (e.g. Swagelok) fittings
Tank:  ASME storage tank with drain test valve, automatic moisture removal trap, tank relief valve, and rubber-cork vibration isolation mounting pads.  The State of California requires that piping from each tank connection to the first valve be Schedule 80 metallic piping.  This includes inlet, outlet, drain, and pressure gauge connection piping. The pipe does not have to be steel; stainless steel and brass are preferred. 
Air Receiver and Dryer/Filters:  Capacity to supply compressed air to temperature-control equipment. Where available use central campus compressed air.
If the building will use compressed air from the central plant, connect compressed air at utility tunnel and provide 1-inch or larger metallic piping from the tunnel to the tank.  
Receiver Drain:  Electric automatic operated, zero air loss condensate drain valve.  Zeks Model No. NCC1701-D, or equal.  Continuously measure for the presence of condensate, ensuring no loss of compressed air.  Provide 120 volt electrical connection on emergency power. Provide manual air valve for the receiver drain in addition to the electric automatic valve on the same connection. Mount compressed air receiver high enough so that the zero loss condensate drain system will function properly. Ensure adequate clearance is provided to operate the manual drain valve.
System Accessories:  Air filter rated for 97+ percent efficiency at rated airflow, and combination filter and pressure-reducing station or separate filter and pressure-reducing station.
Desiccant Dryer: Provide two fully-functional driers. Desiccant dryer assemblies will be dual element units with automatic regeneration. Provide two dryers piped in parallel. Select each dryer assembly for 60% of maximum building load.  Install with valves arranges so that one drier assembly can be isolated for service or repair without shutting off air to the building. 
Pressure Gages:  Black letters on white background, 4½-inch diameter, flush or surface mounted, with front calibration screw to match sensor, graduated in PSI.
Instrument Pressure Gages:  Black letters on white background, 2-inch diameter, and stem mounted, with suitable dial range, graduated in PSI.
Gage Cocks:  ¼-inch or ½-inch bronze body ball valves, Apollo 70 series, or equal.
Relays:  For summing, reversing, amplifying, highest or lowest pressure selection, with adjustable input/output ratio.
Switches:  With indicating plates, accessible adjustment, calibrated and marked.
Pressure Regulators:  Bronze body with Elastomeric or stainless-steel diaphragm, balanced construction to automatically prevent pressure build-up, and producing flat reduced-pressure curve.
Particle Filters:  Stainless steel, brass, bronze, or aluminum castings with 97 percent filtration efficiency at rated airflow, quick-disconnect service devices, and stainless steel, brass, glass, bronze, or plastic bowl with metal guard and manual drain cock.
Combination Filter/Regulators: Stainless steel, brass, bronze, or aluminum castings with elastomeric diaphragm, balanced construction to automatically prevent pressure build-up, and producing flat reduced-pressure curve; with threaded pipe connections, quick-disconnect service devices, and aluminum bowl with metal guard and automatic electric drain valve.
Airborne Oil Filter:  Filtration efficiency of 99.9% for particles of 0.025 micrometer or larger particles of airborne lubricating oil.
Pressure Relief Valves:  ASME rated and labeled.
High Pressure:  Size for installed capacity.
Low Pressure:  Size for installed capacity of pressure regulators and set at 20% above low pressure.
Pressure-Reducing Stations:  Two parallel pressure regulators.
CONTROL CABLE
0. Wiring in equipment rooms and inside walls (both line and low voltage) shall be routed in conduit, wireways, or cable trays.  Installation shall be square with the walls of the buildings.
Above accessible ceilings, low voltage conductors may be UL listed plenum cable.  Install the cable parallel to building walls.
Provide each Input and Output device with a dedicated 2-pair wire conductor.
Provide twisted-shielded pair with drain wire. 
Provide minimum 20-gauge copper wire. 
Aluminum wire use is prohibited. 
In buildings with cable trays, plenum cable shall be run in the cable trays.
Wiring in control panels shall be neat and orderly in workmanship.  
Size conduits run between panels to allow an additional twenty-five percent of wiring capacity for future control modifications.
Label instrument and output device wiring with point name at every termination including both sides of interim splices within panels.  Labels are required for wire pairs, and not for individual wires. Provide labels within two inches of termination, or in the case of I/O devices around the wire jacket anywhere in the device-wiring cavity within six inches of termination.  Labels shall be machine printed with indelible ink on heat shrinkable plastic tubing (Brady Sleeve Wiremaker Label WMS-211-319 or equal).  In no case are self-adhesive labels accepted, unless machine printed and protected with clear heat shrinkable tubing.
Minimum wiring shall be 20 gauge Belden 9154 twisted shielded pair or equivalent with different color code selection.  Color-code 24 VDC wiring: black is negative and white is positive.
EXECUTION
PROJECT MANAGEMENT
0. Provide a designated project manager who will be responsible for the following:
25. Construct and maintain project schedule
On-site coordination with associated trades
Attend project meetings to avoid conflicts and delays
Make necessary field decisions relating to this scope of work
Coordination/single point of contact
INSTALLATION
0. Mount devices and equipment level and plumb in an accessible location for calibration, repair, or replacement.
Sensor and actuator instrumentation shall be hard wired to the controller the program is primarily executing.  
Instrument displays shall be readable from ground level in normal walkways for service personnel.
Control panels shall include a laminated wiring diagram with sequence of operation permanently affixed to the inside of the common keyed panel door.
Ensure proper labeling of I/O and communication cabling.
Install software in control units and operator workstation.  Implement features of programs to specified requirements and as appropriate to sequence of operation.
Connect and configure equipment and software to achieve sequence of operation specified.
Isolate air supply with wire-braid-reinforced rubber hose.  Secure and anchor tank to comply with seismic control requirements.
Pipe manual and automatic drains to nearest floor drain.
Supply instrument air from compressor units or receiver tank through filter, pressure-reducing valve, and pressure relief valve, with pressure gauges and shutoff and bypass valves.
Verify location of thermostats, humidistats, CO2 sensors, and other exposed control sensors with plans and room details before installation.  Locate 48 inches above the floor.
Install averaging elements in ducts and plenums in crossing or zigzag pattern.
Install guards on thermostats in the following locations:
Entrances
Public areas
Where indicated
Install damper motors and actuators outside of ducts in warm areas and not in locations exposed to outdoor conditions without providing watertight protection.  Provide support for damper actuators from solid construction or member.  University prohibits damper motors and actuators from ductwork.  Provide structural support or connect to floor or masonry wall.  Damper actuators shall move the controlled damper smoothly and without stalling or hesitation through its complete range of motion against the maximum air static anticipated without visible deflection or bending of any mounting component and without slop or play in the actuator its mounting method or points of connection to the damper.
Review the following 5 paragraphs and delete references to spec sections that are not applicable. 
Install labels and nameplates to identify control components in accordance with Division 23 Section "Identification for HVAC."
Install hydronic instrument wells, valves, and other accessories in accordance with Division 23 Section "Hydronic Piping and Valves" or “High Temperature Water Piping” as applicable.
Install steam and condensate instrument wells, valves, and other accessories in accordance with Division 23 Section "Steam and Condensate Heating Piping."
Install refrigerant instrument wells, valves, and other accessories in accordance with Division 23 Section "Refrigeration Piping."
Install duct volume-control dampers in accordance with Division 23 Sections specifying air ducts.
Install electronic and fiber-optic cables in accordance with Division 27 Section for communication backbone cabling. 
ELECTRICAL WIRING AND CONNECTION INSTALLATION
Review the following 3 paragraphs and delete references to spec sections that are not applicable. 
Install raceways, boxes, and cabinets in accordance with Division 26 Section "Raceways and Boxes for Electrical Systems."
Install building wire and cable in accordance with Division 26 Section "Low Voltage Electrical Power Conductors and Cables."
Install signal and communication cable in accordance with Division 27 requirements for communications, and communications backbone cabling.
Install control wiring and raceways:
Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed.
Install exposed cable in raceway.
Install concealed cable in raceway.
Bundle and harness multiconductor instrument cables 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.
Number-code or color-code conductors for future identification and service of control system, except local individual room control cables.
Connect manual-reset limit controls independent of manual-control switch positions.  Automatic duct heater resets may connect to interlock circuit of power controllers.
Connect hand-off-auto selector switches to override automatic interlock controls when switch is in hand position.
Equipment Grounding:  Tighten electrical connectors and terminals in accordance with manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A.
PIPING CONNECTIONS
Provide piping connections as specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
Install piping adjacent to equipment that still allows access for service and maintenance.
SYSTEM STARTUP
0. Conduct comprehensive startup and checkout of BAS-provided devices. 
Provide startup and checkout prior to University’s third party commissioning and functional testing be started.
Provide at a minimum the following startup task and associated documentation:
27. Point to point checkout of devices connected to a BAS controller. Including but not limited to sensors, actuators, relays.
Verify proper scaling of control I/O signals between controller and devices.
Verify zone controllers operate in accordance with the submitted sequence of operation.
Tune controls loops to deliver stable setpoint control within the tolerances listed.
DEVICE NAMING AND ADDRESSING 
0. Coordinate aspects device naming and addressing with the University.
Device names IP addresses and BACnet instance IDs must be coordinated with the University’s Representative prior to installation of any devices on University networks.
POINT NAMING AND HISTORY CONFIGURATION
0. Follow University’s BAS Point Configuration Standard for point naming.  If a point name does not appear in the University’s standard, confirm desired point name with the University’s Representative.  Point names shall never be concatenated, or linked together in a series or chain, with location or equipment names.  Contact University’s Representative for approval of alternate proposed names.
Confirm the use of University’s most recent point naming standard prior to starting programming. Prior to field programming deployment, rectify point-naming differences arising from using older standards.
ZONE CONTROLLER CONFIGURATION, PROGRAMMING AND FIELD DEPLOYMENT
0. Before installation, program and test zone controller operation.  This includes, but is not limited to, controller configuration, time synchronization, addressing, networking of devices, point naming, and sequence of operation programming.
Coordinate off-site bench testing with the University and third party commissioning authority to review and demonstrate the final programming of field controllers prior to installation, in accordance with the University approved sequences and point-naming standards.  Bench testing must occur far enough in advance of program installation to allow changes identified by the University or commissioning authority before field deployment. Field programming deployment cannot occur before bench testing approval by the University’s Representative.
Ensure final controller network configuration and network IP addresses are complete prior to installation. Provide controllers with communications when terminated on the field IP network and not require additional configuration or setup.
When factory mounting of controllers occurs, affix associated devices such as hot water reheat valves to their respective zone controller prior to shipment for ease of installation on site. Include other ancillary devices such as current transducers and temperature sensors also.
Configure data points on zone controllers to be writable via BACnet IP from the University Tridium Niagara 4 optimization supervisor.  On loss of IP communications, set fallback values in the zone controllers for operation in a stand-alone occupied mode to maintain comfort conditions independent of a network connection.
FUNCTIONAL SEQUENCES OF OPERATION
0. Provide an RFI for approved sequences of operation that prove non-functional, non-code compliant, or unsafe under a specific mode of operation to ensure the design intent sequence.  
Document any deviation due to safety concerns, improved system stability, or improved performance and turned over to the University’s Representative within 7 days of implementation.  
Testing will include network communications loss to ensure stand-alone operations of zone controllers independent of the network connection.
COMMISSIONING
0. Provide final acceptance testing prior to University’s Representative starting final commissioning.  Demonstrate the performance of the field controllers to maintain airflows, pressurization, temperatures, and CO2 levels within specified tolerances.  
32. University will provide SkySpark® for trending and analytics and to identify specific control failures and system errors.
Complete testing, calibration, adjusting, and final field test. Verify that systems are operable from local independent controls upon panel controller failure, network interruption to Niagara servers or loss of power.
The University’s commissioning agent shall establish system functional testing for compliance with the contract documents.  Contractor shall provide the necessary support services for these functions including required corrections or modifications to the controls system. 
Provide any recommendation for system modification in writing to the University’s Representative.  Do not make any system modification, including operating parameters and control settings, without prior approval of the University’s Representative.
Contractor is completely responsible for successfully passing Functional Performance Testing (FPT) prior to project close out. That Contractor used a code template furnished to them, or that the code passed FPT at the beginning of the project, are not acceptable reasons for failure to pass any commissioning FPT at project close out.
Analytics Platform Compatibility
32. The University will provide a single Fault Detection Analytics platform on a remote server connected to the BAS site network. The primary incoming data stream for the Analytics platform is BAS control point and metering data.  Contractor shall provide University’s Representative with required network addresses and account access to be able to discover BAS control points.
TRAINING
0. The controls contractor shall provide factory-trained instructors with a minimum of 3 years’ experience to provide full instruction to University’s personnel in the installation and sequence of operation installed.  Instructors shall be thoroughly familiar with the specific system design intent and controls installed.   
Schedule training to take place after commissioning is fully completed and systems are free of punch-list issues or alarms.  Hold training at the University during normal working hours of 7:00 A.M. to 3:30 P.M., weekdays.  Schedule training for 4-hour sessions each on non-contiguous days to meet the University’s staff schedules.
Provide total of 8 hours of customer directed training for University’s Facilities Management operating engineers on the field controller and related tools.  
RECORD DOCUMENTS
0. Upon project completion, submit an operation manual consisting of the following:
34. Index sheet, listing contents in alphabetical order
34. Manufacturer’s equipment parts list of functional components of the system. 
34. Controller programs with comment description of sequence of operations
34. List of connected data points, including panels to which they are connected and input/output devices (sensors, actuators, etc.)
34. Hardware points and virtual points commissioning document
34. Disk or other suitable media with AutoCAD DWG files of as-built system schematics including wiring diagrams
PROGRAMMING DISTRIBUTION
0. Distribute programming of the BAS as indicated below. Control loops and other basic functionality required of zone and system controllers to maintain space comfort shall reside locally in the BAS field hardware. 
The local BAS shall be programmed so that the building will operate to its design or field TAB identified fixed HVAC temperature control setpoints in the absence of communication with the University’s Niagara enterprise BAS.
Local BAS Zone Controller Programming: 
35. General
Network health sequence and communication loss fallback (Heartbeat)
Ensure points are BACnet writable
Local device control loops
35. Zones
Zone minimum flow rates and controllable minimums
Zone control loops (Dual Max) 
Ensure zones are set up with occupied/unoccupied modes. 
CO2 local ventilation control
Domestic hot water temperature
Exhaust Fan status
Refrigerator Alarm Status
Local BAS Mechanical Equipment Controller Programming 
35. Air Handling Unit
Economizer sequence 
Cooling capacity control
Supply air temperature control loops
Fan control
Duct static pressure or other approved control loop for supply fans
Building pressure or other approved control loop for AHU exhaust fans
Remotely commanded enable and disable sequence for equipment components
Hardwired interlock for building general exhaust fans
Required safety lockout, interlocks and diagnostics
35. Boilers / High Temp Water / Chilled Water Heat Exchangers
Enable/ disable
Water supply temperature control
Pumping enable/ disable
Pump rotation
Differential pressure or other approved control
Boiler staging and firing control
Niagara 4 Optimization Server Programming, provided by the University.
35. Zone Group Assignments
35. Zone mode status
This will include resetting the min and max flow rates based on zone mode, and the flow control PID loops will remain at the local VAV controller.
Scheduling 
Occupancy schedules
Occupancy sensors
Zone Reset Requests 
Cooling 
Heating Static Pressure
35. Air Handling Unit
Mode of operation
Static pressure reset
Supply temperature reset
Min OA calculation and damper control
Staging of Tandem Equipment 
Schedule Enable
POINTS LIST
Review the Points List carefully as they are the University’s minimum requirements and shall not be deleted unless points are for products not included in the project.  
0. The DDC shall be capable as a minimum the following points for the indicated system.  
100% Outdoor Air Units:
Supply fan(s) status and alarm.
Start/stop/auto operation of fan(s). 
Air flow in cfm, from flow measuring station at fan inlets. 
VFD speed, from communications link.
Coil(s) average leaving air discharge temperature.
Each coil section leaving water temperature.
Control valve positions (heating and cooling) command and position.
Outside air temperature (typical from weather station).
Downstream static pressure.
Motor current and kW, from VFD communications link. 
Fault status of VFD
High static pressure sensors and alarm.
Smoke detector alarm.
Isolation dampers.
Recirculating AHUS:
Supply and return fan(s) status and alarm. 
Start/stop/auto operation of fan(s). 
Air flow in cfm, from flow measuring station at fan inlets. 
VFD speed, via communications link.
Mixed and return air temperature.
Coil(s) average leaving air discharge temperature(s).
Control valve positions (heating and cooling) command and position.
Downstream static pressure.
Motor current and kW, from VFD communications link.
Fault status of VFD
CO2 return air in ppm or in the room where the occupant load is 40 square feet per person or below.
CO2 outside air intake in ppm.
High static pressure alarm.
Smoke detector alarm.
Outside air, return and relief or exhaust dampers.
Isolation dampers.
Lab Exhaust Fans:
Fan status (on/off/alarm).
VFD frequency output  from communications link
Motor speed from communications link.
Duct static pressure.
Fault status of VFD
Motor current and kW, from VFD communications link.
Isolation dampers.
Outside air bypass dampers.
Pumps:
Pump status (on/off/alarm).
VFD frequency output from communications link.
Motor speed from communications link
Downstream static pressure.
Differential pressure and pressure ranges.
Fault status of VFD
Motor current and kW, from VFD communications link.
Energy usage, kWh
Weekly automatic pump changeover to standby pump
Domestic Hot Water Circulating Pumps:
Pump status (on/off/alarm).
Storage tank temperature.
Hot water return temperature
Heat exchangers and Water Heaters:
Heating medium (HTW or HHW) water supply and return temperature.
Control valve command and position.
Pump status.
Supply and return temperatures for Domestic Hot Water.
Supply and return temperatures for Industrial Hot Water.
Low and high water temperature alarms.
HTW heat exchanger:
HTW supply and return temperature sensors.  
Heated medium temperature sensors (supply and return).
HTW control valve command and valve position. 
Redundant heated medium supply temperature sensors and alarms.
Terminal units:
Terminal unit cfm and setpoint cfm (cooling and heating).
Room temperature.
Thermostat set point temperatures.
Downstream supply air temperature.
Reheat coil valve command and position.
Connection to occupancy sensor relay.
Process Cooling Water system:
See Campus Standard detail on plans for system requirements, and system alarms.
Building Energy Usage (separate for each building being served):
Flow meter - gpm [or lbm/hr for steam]
Temperature sensors - supply and return [or steam pressure sensor]
BTU calculator and totalizer per medium.  Provide panel at building and send to campus meter data collection system. 
The type of energy meter per building will depend on what mediums are used.  Provide CHW, HTW, HHW, DHW, and IHW as directed by University.
Building system functions:
Building general exhaust fans (start/stop/status).
Domestic Cold Water (volume metering).
Natural gas (volume metering). 
Environmental rooms (temperature alarm, common trouble alarm, and personnel).
HTW heat exchanger alarm: (2) temperature sensors, in Heating Hot Water system for high water temperature alarm notification, valve closure, and pump off. See specification 23 2400 for more details. 
VFD: Fault status of VFD.
Secondary Control panel(s) (trouble alarms).
Fan Coil units space setpoint and high temperature alarm.
Sump pump(s) (high-level alarms).
Lab compressed air (low pressure alarms, over flow alarms, high moisture alarms).
Lab vacuum pump (pressure alarms).
Emergency generator alarm, fuel oil tank level, and leak monitor alarms.
Emergency generator status (on/off).
Automatic Transfer Switch (position, and common trouble). 
Liquid sensors (transformer vaults/rooms).
Outdoor air temperature, humidity, and enthalpy from campus weather stations.
Water Softener and RO System (common trouble alarms).
Sewage/Storm Ejector (High Level Alarms)
Steam Condensate or AC condensate Pump alarm(s).
Computer-Room Air-Conditioning Units (common alarm).
Gas-Oxygen Monitor/Sensors (common alarm).
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