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SECTION 23 0900
INSTRUMENTATION AND CONTROLS
NOTE: This specification section would only be used for buildings not using Niagara building management controls. 
GENERAL
SUMMARY
Section includes control equipment for HVAC systems and components, including control components for terminal heating and cooling units not supplied with factory-wired controls.  Building Management System (BMS) functions such as building equipment and building systems monitoring, alarm notification and reporting through the campus-wide BMS network for campus Facilities Management central operating plant supervision.
DEFINITIONS
BMS:  Building Management System.
DDC:  Direct-digital controls.
LAN:  Local area network.
MS/TP:  Master-slave/token-passing.
PICS:  Protocol Implementation Conformance Statement.
SYSTEM DESCRIPTION
Control system consists of sensors, indicators, actuators, final control elements, interface equipment, other apparatus, accessories, and software connected to distributed controllers operating in a multi-user, multitasking environment on token-passing network and programmed to control mechanical systems.
ACTION SUBMITTALS
Product Data: For each type of product include the following:
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.
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 manufacturer's product datasheets 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.
Shop Drawings:  
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 work to be performed and shall indicate which contractor 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 that will be programmed for I/O points and critical internal control variable (AV) points, conforming to University Campus Standard Naming Convention. 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.
Samples:  For each color required, of each type of device exposed within occupied space..
Software and Firmware Operational Documentation:  Include the following:
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.
Software Upgrade Kit:  For University to use in modifying software to suit future power system revisions or monitoring and control revisions.
Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.
Maintenance Data:  For systems to include in maintenance manuals specified in Division 01.  Include the following:
Maintenance instructions and lists of spare parts for each type of control device, electronic control cabinet and compressed-air station.
Interconnection 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.
Qualification Data:  For firms and persons specified in "Quality Assurance" Article.
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.
QUALITY ASSURANCE
Installer Qualifications:  An experienced installer who is an authorized representative of the automatic control system manufacturer for both installation and maintenance of units required for this Project.
Manufacturer Qualifications:  A firm experienced in manufacturing automatic temperature-control systems similar to those indicated for this Project and with a record of successful in-service performance.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in CEC, 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.”
DELIVERY, STORAGE, AND HANDLING
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
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 Systems" 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 subcontractors 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.  <Division 26 will install their support rack with at least 25% extra capacity for control conduits and tubing.  Division 26 will coordinate with controls electrician wherever rack will need to be made to accommodate the control electrician.>  
Room numbers:  Confirm room numbers being used in programming are the existing actual room numbers or new numbers assigned by Facilities Management.
Coordinate point naming to conform to the University naming specification. 
PRODUCTS
MANUFACTURERS
Delete one manufacturer that is not used in the building.  If not Siemens or Johnson contract FM Engineering on how to proceed. 
Manufacturers:  Subject to compliance with requirements, provide products by one of the two following to be compatible with existing Campus Standard central energy monitoring control systems in fit, form and function:
Electric, Electronic, DDC Systems and Control Systems Components:
Apogee – Siemens Building Technologies to seamlessly tie into existing campus Ethernet energy management system 600 network.
Metasys – Johnson Controls, Inc., Controls Group (Branch network), to seamlessly tie into existing campus Ethernet energy management system 600 network.  No distributors or local representatives will be acceptable.
[bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01. Specific procedures must be followed before use of an unnamed product or manufacturer.  
Delete control components, in articles below, not required for Project.  Add other features and capabilities as required.
DDC NETWORK COMMUNICATION AND OPERATOR WORKSTATION
Operator Station:  Microcomputer station with printer.
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, LCD type flat widescreen.
Keyboard:  QWERTY, 105 keys in ergonomic shape.
Hard-Disk Drive:  1,000 GB.
Mouse:  Three button.
Operating System:  Microsoft Windows latest version supported by UCI.
Network Connection: Ethernet fiber optic connection.
Port Communication: USB interface ports to communicate with digital controllers, and printer.
UPS Backup Capacity:  30 minutes of operation required.
Printer:  Color, ink-jet type as follows:
Print Head:  1440 x 1440 dpi photo quality color resolution.
Internal Memory Buffer:  64 kB.
Paper Handling:  Minimum of 100 sheets.
Print Speed:  Minimum of 16 ppm in black and 8 ppm in color.
Printer Communication: USB printer cable.
Application Software:  Include the following:
Input/output capability from operator station.
Operator system access levels via software password.
Database creation and support.
Dynamic color graphic displays.
Alarm processing.
Event processing.
Automatic restart of field equipment on restoration of power.
Data collection.
Graphic development on workstation.
Maintenance management.
The design of the BAS shall network operator workstations and stand‑alone DDC Controllers. The network architecture shall consist of three levels, a campus-wide (Management Level Network) Ethernet network based on TCP/IP protocol, high performance peer‑to‑peer building level network(s), and DDC Controller floor level local area networks with access being totally transparent to the user when accessing data or developing control programs.
The design of BAS shall allow the co-existence of new DDC Controllers with existing DDC Controllers in the same network without the use of gateways or protocol converters.
System shall have the capability to be an OPC Server for dynamic communication with OPC Clients over an Ethernet network.  At a minimum, the following must be supported:
Peer‑to‑Peer Building Level Network:
Operator devices either network resident shall have the ability to access point status and application report data or execute control functions for other devices via the peer‑to‑peer network.  No hardware or software limits shall be imposed on the number of devices with global access to the network data at any time.
The peer-to-peer network shall support a minimum of 100 DDC controllers and PC workstations
Each PC workstation shall support a minimum of 4 peer to peer networks hardwired or dial up.
The system shall support integration of third party systems (fire alarm, security, lighting, PCL, chiller, boiler) via panel mounted open protocol processor. This processor shall exchange data between the two systems for interprocess control. Exchange points shall have full system functionality as specified herein for hardwired points.
Field panels must be capable of integration with open standards including Modbus, BACnet, and Lonworks and with third party devices via existing vendor protocols.
Telecommunication Capability:
Auto‑dial/auto‑answer communications shall be provided to allow DDC Controllers to communicate with remote operator stations and/or remote terminals via telephone lines, as indicated in the sequence of operations.
Auto‑dial DDC Controllers shall automatically place calls to workstations to report alarms or other significant events.  The auto‑dial program shall include provisions for handling busy signals, "no answers" and incomplete data transfers.
Management Level Network:
PCs shall simultaneously direct connect to the Ethernet and Building Level Network without the use of an interposing device. 
Operator Workstation shall be capable of simultaneous direct connection and communication with BACnet, OPC, and Apogee networks without the use of interposing devices.
The Management Level Network shall not impose a maximum constraint on the number of operator workstations.
When appropriate, any controller residing on the peer-to-peer building level networks shall connect to Ethernet network without the use of a PC or a gateway with a hard drive.
Any PC on the Ethernet Management Level Network shall have transparent communication with controllers on the building level networks connected via Ethernet, and directly connected building level networks.  Any PC shall be able to interrogate any controller on the building level network.
Any break in Ethernet communication from the PC to the controllers on the building level networks shall result in an alarm notification at the PC.
The Management Level Network shall reside on industry standard Ethernet utilizing standard TCP/IP, IEEE 802.3.
Access to the system database shall be available from any client workstation on the Management Level Network.
DDC CONTROLLER FLOOR LEVEL NETWORK:
This level communication shall support a family of application specific controllers and shall communicate with the peer‑to‑peer network through DDC Controllers for transmission of global data.
DDC & HVAC MECHANICAL EQUIPMENT CONTROLLERS 
The DDC & HVAC Mechanical Equipment Controllers shall reside on the Building Level Network and communicate directly with the server using industry standard Ethernet utilizing standard TCP/IP, IEEE 802.3.  Each DDC & HVAC Controller shall be directly connected to the existing campus FACNET domain via Ethernet connection.
DDC & HVAC Mechanical Equipment Controllers shall use the same programming language and tools. DDC & HVAC Mechanical Equipment Controllers which require different programming language or tools on a network are prohibited.
DDC & HVAC Mechanical Equipment Controllers which do not meet the functions specified for DDC Controllers or for HVAC Mechanical Equipment Controllers are prohibited.
DDC Controllers shall be a 16-bit stand-alone, multi‑tasking, multi‑user, real‑time digital control processors consisting of modular hardware with plug‑in enclosed processors, communication controllers, power supplies, and input/output point modules.  Controller size shall be sufficient to fully meet the requirements of this specification and the attached point I/O schedule.  Each controller shall support a minimum of three (3) Floor Level Application Specific Controller Device Networks.
Each DDC Controller shall have sufficient memory to support its own operating system and databases, including:
Control processes.
Energy management applications.
Alarm management applications including custom alarm messages for each level alarm for each point in the system.
Historical/trend data for points specified.
Maintenance support applications.
Custom processes.
Operator I/O.
Dial‑up communications.
Manual override monitoring.
Each DDC Controller shall support firmware upgrades without the need to replace hardware.
Provide processors, power supplies and communication controllers so that the implementation of a point only requires the addition of the appropriate point input/output termination module and wiring.
DDC Controllers shall provide a minimum two RS‑232C serial data communication ports for operation of operator I/O devices such as industry standard printers, operator terminals, and portable laptop operator's terminals.  DDC Controllers shall allow temporary use of portable devices without interrupting the normal operation of permanently connected printers or terminals.  Controllers shall have industry standard Ethernet utilizing standard TCP/IP, IEEE 802.3 connections. 
As indicated in the point I/O schedule, the operator shall have the ability to manually override automatic or centrally executed commands at the DDC Controller via local, point discrete, on‑board hand-off-automatic (HOA) operator override switches for digital control type points, and gradual switches for analog control type points. 
Switches shall be mounted either within the DDC Controllers key‑accessed enclosure, or externally mounted with each switch keyed to prevent unauthorized overrides.
DDC Controllers shall monitor the status of overrides and inform the operator that automatic control has been inhibited.  DDC Controllers shall also collect override activity information for reports.
DDC Controllers shall provide local LED status indication for each digital input and output for constant, up‑to‑date verification of point conditions without the need for an operator I/O device.  Graduated intensity LEDs or analog indication of value shall also be provided for each analog output.  Status indication shall be visible without opening the panel door.
Each DDC Controller shall continuously perform self‑diagnostics, communication diagnosis, and diagnosis of panel components.  The DDC Controller shall provide both local and remote annunciation of any detected component failures, low battery conditions or repeated failure to establish communication.
Isolation shall be provided at peer‑to‑peer network terminations, and field point terminations to suppress induced voltage transients consistent with:
RF-Conducted Immunity (RFCI) in accordance with ENV 50141 (IEC 1000-4-6) at 3 V.
Electro Static Discharge (ESD) Immunity in accordance with EN 61000-4-2 (IEC 1000-4-2) at 8 kV air discharge, 4 kV contact.
Electrical Fast Transient (EFT) in accordance with EN 61000-4-4 (IEC 1000-4-4) at 500 V signal, 1 kV power.
Output Circuit Transients in accordance with UL 864 (2,400V, 10A, 1.2 Joule max).
Isolation shall be provided at peer‑to‑peer panels’ AC input terminals to suppress induced voltage transients consistent with:
IEEE Standard 587‑1980.
UL 864 Supply Line Transients.
Voltage Sags, Surge, and Dropout in accordance with EN 61000-4-11 (EN 1000-4-11).
In the event of the loss of normal power, there shall be an orderly shutdown of DDC Controllers to prevent the loss of database or operating system software.  Non‑volatile memory shall be incorporated for critical controller configuration data and battery backup shall be provided to support the real‑time clock and volatile memory for a minimum of 60 days.
Upon restoration of normal power, the DDC Controller shall automatically resume full operation without manual intervention.
Should DDC Controller memory be lost for any reason, the user shall have the capability of reloading the DDC Controller via the local RS‑232C port, via telephone line dial‑in or from a network workstation PC.
Provide a separate DDC Controller for each AHU or other HVAC system as indicated in Section 3.02.  It is intended that each unique system be provided with its own point resident DDC Controller.
HVAC Mechanical Equipment Controllers shall be a 12-bit stand-alone, multi‑tasking, multi‑user, real‑time digital control processors consisting of modular hardware with plug‑in enclosed processors. 
Each HVAC Mechanical Controller shall have sufficient memory to support its own operating system and databases, including:
Control processes.
Energy management applications.
Alarm management applications including custom alarm messages for each level alarm for each point in the system.
Historical/trend data for points specified.
Maintenance support applications.
Custom processes.
Operator I/O.
Dial‑up communications.	
Each HVAC Mechanical Equipment Controller shall support firmware upgrades without the need to replace hardware.
HVAC Mechanical Equipment Controllers shall provide a RS‑232C serial data communication port for operation of operator I/O devices such as industry standard printers, operator terminals, and portable laptop operator's terminals.  
HVAC Mechanical Equipment Controllers shall provide local LED status indication for each digital input and output for constant, up‑to‑date verification of point conditions without the need for an operator I/O device.  
Each HVAC Mechanical Equipment Controller shall continuously perform self‑diagnostics, communication diagnosis, and diagnosis of components.  The HVAC Mechanical Equipment Controller shall provide both local and remote annunciation of any detected component failures, low battery conditions or repeated failure to establish communication.
Isolation shall be provided at peer‑to‑peer network terminations, and field point terminations to suppress induced voltage transients consistent with:
RF-Conducted Immunity (RFCI) in accordance with ENV 50141 (IEC 1000-4-6) at 3 V.
Electro Static Discharge (ESD) Immunity in accordance with EN 61000-4-2 (IEC 1000-4-2) at 8 kV air discharge, 4 kV contact.
Electrical Fast Transient (EFT) in accordance with EN 61000-4-4 (IEC 1000-4-4) at 500 V signal, 1 kV power.
Output Circuit Transients in accordance with UL 864 (2,400V, 10A, 1.2 Joule max).
Isolation shall be provided at peer‑to‑peer panel's AC input terminals to suppress induced voltage transients consistent with:
IEEE Standard 587‑1980.
UL 864 Supply Line Transients.
Voltage Sags, Surge, and Dropout in accordance with EN 61000-4-11 (EN 1000-4-11).
In the event of the loss of normal power, there shall be an orderly shutdown of HVAC Mechanical Equipment Controllers to prevent the loss of database or operating system software.  Non‑volatile memory shall be incorporated for critical controller configuration data and battery backup shall be provided to support the real‑time clock and volatile memory for a minimum of 72 hours.
Upon restoration of normal power, the HVAC Mechanical Equipment Controller shall automatically resume full operation without manual intervention.
Should HVAC Mechanical Equipment Controller memory be lost for any reason, the user shall have the capability of reloading the HVAC Mechanical Equipment Controller via the local RS‑232C port, via telephone line dial‑in or from a network workstation PC.
DDC & HVAC MECHANICAL EQUIPMENT CONTROLLER RESIDENT SOFTWARE FEATURES
General: The software programs specified in this Section shall be provided as an integral part of DDC and HVAC Mechanical Equipment Controllers and shall not be dependent upon any higher level computer for execution.
Points shall be identified by up to 30 character point name and 16 character point descriptor. The same names shall be used at the PC workstation.
Digital points shall have user defined two-state status indication (descriptors with minimum of 8 characters allowed per state (i.e. summer/winter)).
Control Software Description:
The DDC and HVAC Mechanical Equipment Controllers shall have the ability to perform the following pre‑tested control algorithms:
Two‑position control.
Proportional control.
Proportional plus integral control.
Proportional, integral, plus derivative control.
Automatic tuning of control loops.
DDC and HVAC Mechanical Equipment Controllers shall provide the following energy management routines for the purpose of optimizing energy consumption while maintaining occupant comfort.
Start‑Stop Time Optimization (SSTO) shall automatically be coordinated with event scheduling.  The SSTO program shall start HVAC equipment at the latest possible time that will allow the equipment to achieve the desired zone condition by time of occupancy.  The SSTO program shall also shut down HVAC equipment at the earliest possible time before the end of the occupancy period, and still maintain desired comfort conditions. 
The SSTO program shall operate in both the heating and cooling seasons.
It shall be possible to apply the SSTO program to individual fan systems.
The SSTO program shall operate on both outside weather conditions and inside zone conditions and empirical factors.
The SSTO program shall meet the local code requirements for minimum outside air while the building is occupied.
Event Scheduling: Provide a comprehensive menu driven program to automatically start and stop designated points or groups of points in accordance with a stored time.
It shall be possible to individually command a point or group of points.
For points assigned to one common load group, it shall be possible to assign variable time delays between each successive start and stop within that group.
The operator shall be able to define the following information:
Time, day.
Commands such as on, off, auto, and so forth.
Time delays between successive commands.
There shall be provisions for manual overriding of each schedule by an appropriate operator.
It shall be possible to schedule events up to one year in advance.
Scheduling shall be calendar based.
Holidays shall allow for different schedules.
Enthalpy switchover (economizer): The Energy Management Control Software (EMCS) will control the position of the air handler relief, return, and outside air dampers.  If the outside air dry bulb temperature falls below changeover set point the EMCS will modulate the dampers to provide 100 percent outside air.  The user will be able to quickly changeover to an economizer system based on dry bulb temperature and will be able to override the economizer cycle and return to minimum outside air operation at any time.
Temperature-compensated duty cycling.
The DCCP (Duty Cycle Control Program) shall periodically stop and start loads in accordance with various patterns.
The loads shall be cycled such that there is a net reduction in both the electrical demands and the energy consumed.
Automatic Daylight Savings Time Switchover: The system shall provide automatic time adjustment for switching to/from Daylight Savings Time.
Night setback control: The system shall provide the ability to automatically adjust setpoints for night control.
The Peak Demand Limiting (PDL) program shall limit the consumption of electricity to prevent electrical peak demand charges.
PDL shall continuously track the amount of electricity being consumed, by monitoring one or more electrical kilowatt-hour/demand meters.  These meters may measure the electrical consumption (kWh), electrical demand (kW), or both.
PDL shall sample the meter data to continuously forecast the demand likely to be used during successive time intervals.
If the PDL forecasted demand indicates that electricity usage is likely to exceed a user preset maximum allowable level, then PDL shall automatically shed electrical loads.
Once the demand peak has passed, loads that have been shed shall be restored and returned to normal control.
DDC and HVAC Mechanical Equipment Controllers shall be able to execute custom, job‑specific processes defined by the user, to automatically perform calculations and special control routines.
A single process shall be able to incorporate measured or calculated data from any and other DDC and HVAC Mechanical Equipment Controllers on the network.   In addition, a single process shall be able to issue commands to points in other DDC and HVAC Mechanical Equipment Controllers on the network. Database shall support 30 character, English language point names, structured for searching and logs.
Processes shall be able to generate operator messages and advisories to operator I/O devices.  A process shall be able to directly send a message to a specified device or cause the execution of a dial‑up connection to a remote device such as a printer or pager.
DDC and HVAC Mechanical Equipment Controller shall provide a HELP function key, providing enhanced context sensitive on-line help with task orientated information from the user manual.
DDC and HVAC Mechanical Equipment Controller shall be capable of comment lines for sequence of operation explanation.
Alarm management shall be provided to monitor and direct alarm information to operator devices.  Each DDC and HVAC Mechanical Equipment Controller shall perform distributed, independent alarm analysis and filtering to minimize operator interruptions due to non‑critical alarms, minimize network traffic and prevent alarms from being lost.  At no time, shall the DDC and HVAC Mechanical Equipment Controllers ability to report alarms be affected by either operator or activity at a PC workstation, local I/O device, or communications with other panels on the network.
Alarm or point change reports shall include the point's English language description and the time and date of occurrence.
The user shall be able to define the specific system reaction for each point.  Alarms shall be prioritized to minimize nuisance reporting and to speed operator response to critical alarms.  A minimum of six priority levels shall be provided for each point.  Point priority levels shall be combined with user definable destination categories (PC, printer, DDC Controller, etc.) to provide full flexibility in defining the handling of system alarms. Each DDC and HVAC Mechanical Equipment Controller shall automatically inhibit the reporting of selected alarms during system shutdown and start‑up.  Users shall have the ability to manually inhibit alarm reporting for each point.
Alarm reports and messages will be directed to a user‑defined list of operator devices or PCs based on time (after hour’s destinations) or based on priority.
In addition to the point's descriptor and the time and date, the user shall be able to print, display or store a 200 character alarm message to more fully describe the alarm condition or direct operator response.
In dial‑up applications, operator‑selected alarms shall initiate a call to a remote operator device. 	
A variety of historical data collection utilities shall be provided to manually, or automatically, sample, store, and display system data for points as specified in the I/O summary.
Any point, physical or calculated may be designated for trending.  Any point, regardless of physical location in the network, may be collected and stored in each DDC and HVAC Mechanical Equipment Controllers point group.  Two methods of collection shall be allowed:  either by a pre‑defined time interval or upon a pre‑defined change of value.  Sample intervals of l minute to 7 days shall be provided.  Each DDC and HVAC Mechanical Equipment Controller shall have a dedicated RAM‑based buffer for trend data and shall be capable of storing a minimum of 10 GB data samples.  Trend data shall be available for transfer to a Workstation without manual intervention.	
DDC and HVAC Mechanical Equipment Controllers shall also provide high resolution sampling capability for verification of control loop performance.  Operator‑initiated automatic and manual loop tuning algorithms shall be provided for operator‑selected PID control loops as identified in the point I/O summary. 
Loop tuning shall be capable of being initiated both locally at the DDC and HVAC Mechanical Equipment Controller, and from a network workstation. For loop tuning functions, access shall be limited to authorized personnel through password protection.
DDC and HVAC Mechanical Equipment Controllers shall be capable of automatically accumulating and storing run‑time hours for digital input and output points and automatically sample, calculate and store consumption totals for analog and digital pulse input type points, as specified in the point I/O schedule.
The peer to peer network shall allow the DDC and HVAC Mechanical Equipment Controllers to access any data from or send control commands and alarm reports directly to any other DDC and HVAC Mechanical Equipment Controller or combination of controllers on the network without dependence upon a central or intermediate processing device.  DDC and HVAC Mechanical Equipment Controllers shall send alarm reports to multiple workstations without dependence upon a central or intermediate processing device. The peer to peer network shall also allow any DDC and HVAC Mechanical Equipment Controller to access, edit, modify, add, delete, back up, and restore system point database and programs.
The peer-to-peer network shall allow the DDC and HVAC Mechanical Equipment Controllers to assign a minimum of 50 passwords access and control priorities to each point individually. The logon password (at any PC workstation or portable operator terminal) shall enable the operator to monitor, adjust, and control the points that the operator is authorized for. Other points shall not be displayed on the PC workstation or portable terminal (e.g. base building and tenant points shall be accessible to any base building operators and only tenant points shall be accessible to tenant building operators). Passwords and priorities for every point shall be fully programmable and adjustable.
FLOOR LEVEL NETWORK APPLICATION SPECIFIC CONTROLLERS (ASC)
Each DDC Controller shall be able to extend its performance and capacity through the use of remote application specific controllers (ASCs) through Floor Level LAN Device Networks.
Each ASC shall operate as a stand‑alone controller capable of performing its specified control responsibilities independently of other controllers in the network.  Each ASC shall be a microprocessor‑based, multi‑tasking, real‑time digital control processor.  Provide the following types of ASCs as a minimum:
Central System Controllers.
Terminal Equipment Controllers.
Each ASC shall be capable of control of the terminal device independent of the manufacturer of the terminal device.
Central System Controllers:
Provide for control of central HVAC systems and equipment including, and not limited to, the following:
Custom or built‑up air handling systems.
Chilled water systems.
High temperature water systems.
Steam and hot water systems.
Controllers shall include point inputs and outputs necessary to perform the specified control sequences.  Provide a hand-off-automatic (HOA) switch for each digital output for manual override capability.  Switches shall be mounted either within the controller's key‑accessed enclosure, or externally mounted with each switch keyed to prevent unauthorized overrides.  In addition, each switch position shall be supervised to inform the system that automatic control has been overridden. 
Each controller shall support its own real‑time operating system.  Provide a time clock with battery backup to allow for stand‑alone operation in the event communication with its DDC Controller is lost and to insure protection during power outages.
Programs shall be field-customized to meet the user's exact control strategy requirements.  Central System controllers utilizing pre-packaged or canned programs shall not be acceptable.  As an alternative, provide DDC Controllers for central equipment to meet custom control strategy requirements.
Programming of central system controllers shall use the same language and code as used by DDC Controllers to maximize system flexibility and ease of use.  Should the system controller use a different control language, provide a DDC Controller to meet the specified functionality.
Each controller shall have connection provisions for a portable operator's terminal.  This tool shall allow the user to display, generate, or modify point databases and operating programs. 
Terminal Equipment Controllers:
Provide for control of each piece of equipment, including, and not limited to, the following:
Variable Air Volume (VAV) boxes.
Unit Conditioners.
Unit Ventilators.
Room Pressurization.
Controllers shall include point inputs and outputs necessary to perform the specified control sequences. Analog outputs shall be industry standard signals such as 24V floating control, 3-15 psig pneumatic, 4-20 mA, and 0-10V, allowing for interface to a variety of modulating actuators.  
Controller sequences and operation shall provide closed loop control of the intended application.  Closing control loops over the FLN, BLN, or MLN is prohibited. 
Digital Energy Monitors:
Provide three phase digital watt-meters with pre-wired CTs.  Watt-meter electronics shall be housed within the CTs.  CTs shall include sizes capable of mounting directly on a power bus.  Diagnostics visible to the installing electrician (without an operator tool) shall indicate:  proper operation, miswiring or low power-factor, device malfunction, and over-load condition.   The meters shall include the following:
The device shall be UL Listed, and shall comply with ANSI C12.1 accuracy specification.  The minimum CT/meter combined accuracy shall be no greater than 1% of reading over the range of 5% to 100% of rated load.   The meter shall not require calibration.
The wattmeter shall directly connect to power from 208 through 480 with no potential transformer.  In-line fuses for each voltage tap phase shall be included.
The wattmeter CTs shall be split-core and at minimum be sized to accommodate loads ranging from 100 to 2400 Amps.  The CTs shall be volt-signal type, and shall not require shorting blocks.
The wattmeter shall reside directly on the Floor Level Network along with other FLN devices.  Data transferred shall include: 
kW & kWh.
Consumption.
Demand.
Power Factor.
Current.
Voltage.
Apparent Power.
Reactive Power. 
LOCAL USER DISPLAY
Where specified in the sequence of operation or points list, the controllers on the peer-to-peer building level network shall have a display and keypad for local interface.  A keypad shall be provided for interrogating and commanding points in the controller.
The display shall use the same security password and access rights for points in the display as is used in the associated controller.
The LCD display shall be a minimum of a 2 line 40 character display.
The LCD display shall include the full point name, value (numeric, digital, or state text), point priority, and alarm status on one screen.
The LCD shall dynamically update the value, priority, and alarm status for the point being displayed.
The display shall be mounted either on the door of the enclosure or remote from the controller. 
WORKSTATION OPERATOR INTERFACE
Basic Interface Description:
Operator workstation interface software shall minimize operator training through the use of English language prompting, 30 character English language point identification, on-line help, and industry standard PC application software.  Interface software shall simultaneously communicate with up to 4 Building Level Networks and share data between any of the 4 networks. The software shall provide, as a minimum, the following functionality:
Real-time graphical viewing and control of environment. 
Scheduling and override of building operations.
Collection and analysis of historical data. 
Point database editing, storage and downloading of controller databases.
Alarm reporting, routing, messaging, and acknowledgment.
Display dynamic data trend plot:
Must be able to run multiple plots simultaneously.
Each plot must be capable of supporting 10 pts/plot minimum.
Shall be able to command points directly off dynamic trend plot	application. 
Definition and construction of dynamic color graphic displays.
Program editing.
Transfer trend data to third-party software.
Scheduling reports.
Operator Activity Log.
Open communications via OPC Server.
Open communications via BACnet Client & Server.
Provide a graphical user interface which shall minimize the use of keyboard through the use of a mouse or similar pointing device and "point and click" approach to menu selection.  
The software shall provide a multi-tasking type environment that allows the user to run several applications simultaneously.  BAS software shall run on a Windows NT 32 bit operating system.  These Windows applications shall run simultaneously with the BAS software. The mouse or Alt-Tab keys shall be used to quickly select and switch between multiple applications. The operator shall be able to work in Microsoft Word, Excel, and other Windows based software packages, while concurrently annunciating on-line BAS alarms and monitoring information.
Provide functionality such that any of the following may be performed simultaneously on-line, and in any combination, via user-sized windows. Operator shall be able to drag and drop information between applications, reducing the number of steps (i.e. Click on a point on the alarm screen and drag it to the dynamic trend graph application to initiate a dynamic trend).
Dynamic color graphics and graphic control.
Alarm management, routing to designated locations, and customized messages.
Year in advance event and report scheduling.
Dynamic trend data definition and presentation.
Graphic definition and construction.
Program and point database editing on-line.
If the software is unable to display several different types of displays at the same time, the BAS contractor shall provide at least two operator workstations.
Report and alarm printing shall be accomplished via Windows Print Manager, allowing use of network printers.
Operator specific password access protection shall be provided to allow the user/manager to limit workstation control, display, and data base manipulation capabilities as deemed appropriate for each user, based upon an assigned password. Operator privileges shall "follow" the operator to any workstation logged onto (up to 999 user accounts shall be supported).  
Reports shall be generated on demand or via pre-defined schedule and directed to CRT displays, printers, or disk.  As a minimum, the system shall allow the user to easily obtain the following types of reports:
A general listing of points in the network.
List of points currently in alarm.
List of points currently in override status. 
List of disabled points. 
List of points currently locked out.
List of user accounts and access levels.
List weekly schedules. 
List of holiday programming. 
List of limits and dead bands.
Custom reports from third party software.
System diagnostic reports including, list of DDC panels on line and communicating, status of DDC terminal unit device points.
List of programs.
Scheduling and Override:
Provide a calendar type format for simplification of time-of-day scheduling and overrides of building operations. Schedules reside in the PC workstation, DDC Controller, and HVAC Mechanical Equipment Controller to ensure time equipment scheduling when PC is off-line, PC is not required to execute time scheduling. Provide override access through menu selection or function key.  Provide the following spreadsheet graphic types as a minimum:
Weekly schedules.
Zone schedules, minimum of 200 unique zones. 
Scheduling for up to 365 days in advance.
Schedule reports to print at PC.
Collection and Analysis of Historical Data:
Provide trending capabilities that allow the user to easily monitor and preserve records of system activity over an extended period of time.  Any system point may be trended automatically at time-based intervals or change of value, both of which shall be user-definable.  Trend data may be stored on hard disk for future diagnostics and reporting.  Additionally, trend data may be archived to network drives or removable disk media for future retrieval.
Trend data reports shall be provided to allow the user to view trended point data.  Reports may be customized to include individual points or predefined groups of at least six points. Provide additional functionality to allow predefined groups of up to 250 trended points to be easily transferred on-line to Microsoft Excel.  DDC contractor shall provide custom designed spreadsheet reports for use by the University to track energy usage and cost, equipment run times, equipment efficiency, and/or building environmental conditions.  DDC contractor shall provide setup of custom reports including creation of data format templates for monthly or weekly reports.
Dynamic Color Graphic Displays:
Create a minimum of 1 color graphic floor plan displays and system schematics for each piece of mechanical equipment, including air handling units, chilled water systems and hot water boiler systems, and room level terminal units, shall be provided by the BAS contractor as indicated in the point I/O schedule of this specification to optimize system performance, analysis and speed alarm recognition.
The operator interface shall allow users to access the various system schematics and floor plans via a graphical penetration scheme, menu selection, or text-based commands.  Graphics software shall permit the importing of AutoCAD or scanned pictures for use in the system.
Dynamic temperature values, humidity values, flow values, and status indication shall be shown in their actual respective locations and shall automatically update to represent current conditions without operator intervention and without pre-defined screen refresh rates.
Sizable analog bars shall be available for monitor and control of analog values; high and low alarm limit settings shall be displayed on the analog scale. The user shall be able to "click and drag" the pointer to change the setpoint.
Provide the user the ability to display blocks of point data by defined point groups; alarm conditions shall be displayed by flashing point blocks.
Equipment state can be changed by clicking on the point block or graphic symbol and selecting the new state (on/off) or setpoint.
State text for digital points can be defined up to eight characters.
Colors shall be used to indicate status and change as the status of the equipment changes.  The state colors shall be user definable.
The windowing environment of the PC operator workstation shall allow the user to simultaneously view several applications at a time to analyze total building operation or to allow the display of a graphic associated with an alarm to be viewed without interrupting work in progress.
A clipart library of HVAC and automation symbols shall be provided including fans, valves, motors, chillers, AHU systems, standard ductwork diagrams, and laboratory symbols.  The user shall have the ability to add custom symbols to the clipart library.
A dynamic display of the site specific architecture showing status of controllers, PC workstations, and networks shall be provided.
System Configuration & Definition:
Network wide control strategies shall not be restricted to a single DDC Controller or HVAC Mechanical Equipment controller, and shall be able to include data from any and other network panels to allow the development of Global control strategies.
Provide automatic backup and restore of DDC controller and HVAC Mechanical Equipment controller databases on the workstation hard disk.  Database changes shall be performed while the workstation is on-line without disrupting other system operations.  Changes shall be automatically recorded and downloaded to the appropriate DDC Controller or HVAC Mechanical Equipment Controller.  Changes made at the DDC Controllers or HVAC Mechanical Equipment Controllers shall be automatically uploaded to the workstation, ensuring system continuity.
System configuration, programming, editing, graphics generation shall be performed on-line. If programming and system back-up must be done with the PC workstation off-line, the BAS contractor shall provide at least 2 operator workstations.
Alarm Management: 
Alarm Routing shall allow the user to send alarm notification to selected printers or PC location based on time of day, alarm severity, or point type.
Alarm Notification shall be provided via two alarm icons, to distinguish between routine, maintenance type alarms, and critical alarms. These alarm icons shall be displayed when user is working in other Windows programs.  The BAS alarm display screen shall be displayed when the user clicks on the alarm icon.
Alarm Display shall list the alarms with highest priority at the top of the display.  The alarm display shall provide selector buttons for display of the associated point graphic and message.  The alarm display shall provide a mechanism for the operator to sort alarms.
Alarm messages shall be customizable for each point to display detailed instructions to the user regarding actions to take in the event of an alarm.
FIELD DEVICES
Provide instrumentation as required for monitoring, control, or optimization functions.  
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. (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 won’t allow vertical installation.
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:
The temperature sensors shall be furnished and installed in stainless steel wells that are threaded in the pipe using Thredolet® fittings or equivalent at locations approved by the University’s Representative in accordance 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.  Temperature measurements using gas or mercury filled bulbs is prohibited.
Manufacturer shall be Minco 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.
Air Immersion Temperature Sensors: 
Duct (single point) Temperature:
Temperature Monitoring Range: +20 to120°F 
Output Signal: Changing resistance, 4-20mA, or 0-10 V DC
Accuracy at Calibration Point: +0.5°F.
Duct Average Temperature:
Temperature Monitoring Range: +20 to 120°F 
Output Signal: 4-20mA, 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 should be selected in accordance with coil size.  Probe must cross 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.
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 static pressure sensing kit 189-142, or equal.
Set Point Ranges:
0.5  to 1.0 inch w.g.
1.0 to 12.0inches w.g.
Static Pressure Sensor Range:
-0.25 to 0.25 inches w.g.
0 to 0.5 inches w.g.
0 to 1 inches w.g.
0 to 2 inches w.g.
0 to 5 inches w.g.
0 to 10 inches w.g.
Output Signal: 4-20 mA or 0-10 VDC.
Combined Static Error:  0.5% full range.
Operating Temperature: -40° to 175° F. 
Air Pressure Sensor:   Low differential pressure transducer:
Range: 
0 to 0.1 inch water	
0 to 0.25 inch water 
0 to 0.5 inch water 
0 to 1.0 inch water 
0 to 2.0 inches water 
0 to 5.0 inches water 
0 to 10.0 inches water 
Output signal: 4-20 mA or 0-10 V
Accuracy: +1.0% of full scale.
Humidity Sensors:
Range: 0 to 100% RH.
Sensing Element: Bulk Polymer.
Output Signal: 4-20mA DC.
Accuracy: At 77°F + 2% RH.
Dew Point Sensor:
Omega model HX200HD or equal.
Range: -60 to 40°C dew point
Sensing element:  stainless steel probe, sintered filter, and fitting.
Output Signal: analog 4-20 mA DC.
Accuracy:  ±1.0°C from 40°C to -20°C,
Display:  digital with 0.1°C resolution with switches to show Fahrenheit.  
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).
DAMPER ACTUATORS
Electric Damper Actuators:
Electric control shall be direct coupled actuators suitable for operation on 24 volts, or 120 volts on dampers with an area of less than 5 sq ft.
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 ½-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 that guarantees concentric alignment of the actuator’s output coupling with the damper shaft.  The self-centering clamp shall have a pair of opposed “V” shaped toothed cradles; each 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 1-inch diameter shaft directly, without the need for auxiliary adapters.
Actuators shall be designed and manufactured using ISO900registered procedures, and shall be Listed under Standards UL873 and CSA22.2 No. 24-93 l.
Actuator Accessories:  Equip each unit with visible position indicators, 125% torque rating (over application torque demand), 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.  
Pneumatic Damper Actuators (Economizer):
Pneumatic operators with electronic control shall be used on dampers larger than five square feet (5 ft²). Pneumatic damper operators of greater than 5 ft² that do not close off against the full force of a fan such as economizer dampers will be Siemens Building Technologies No. 6 pneumatic actuators or equal. Where more than one actuator is slaved together off of one signal, a pneumatic relay, or positioner shall be provided for each damper actuator.
Maximum air pressure required is 30 pounds or less.
Maximum 4-inch stroke.
Suitable for outdoor installation without weather proofing in temperature from minus 20 to 160°F.
Aluminum housing, stainless (type 416) stem, Steel spring, and bronze bearing.
Actuator Accessories:  Equip each unit with visible position indicators, 125% torque rating (over application torque demand), go second stroke-cycle adjustable stroke stops, installation hardware, positive feedback positioners, and adjustable start and operating ranges.  
Pilot Positioners:  Start point adjustable from 2 to 12 psig, and operating span adjustable from 5 to 20 psig. 
Pneumatic Damper Actuators (Isolation):
Pneumatic damper motors that are required to closed off and open against the full force of the fan such as isolation dampers will be Siemens Building Technologies Model 331-2882 or equal. Substitutions to this must be approved by UCI facilities before installation. This damper must fail to its last position if air is lost to the actuator.
Actuator must be installed to the frame or support of the fan.  Actuator cannot be bolted to the frame unless the bracket is welded to the frame.  The pipe installer will be responsible for welding whatever support will be required so that when the actuator stokes there will be no deflection in the support.  A separate end switch will be attached to the crank arm to give a true feedback status of the damper.  
Maximum air pressure required is 30 pounds or less.
Maximum 7-inch stroke.
Suitable for outdoor installation without weather proofing in temperature from minus 20 to 160°F.
Aluminum housing, stainless (type 416) stem, Steel spring, and bronze bearing.
Torque is 130 lb-ft, 90 degree rotation with 25 psig air supply.
Actuator Accessories:  Equip each unit with visible position indicators, spring return to “failsafe” position, 125% torque rating (over application torque demand), go second stroke-cycle adjustable stroke stops, installation hardware, positive feedback positioners, and adjustable start and operating ranges.  Standard spring ranges are 2 to 5 psig, 3 to 10 psig, and 8 to 11 psig 
Pneumatic Valve Operators:
Spring-loaded, diaphragm or piston type with spring range as required and start-point adjustment [and positioning relay].  Operator shall maintain full shutoff at maximum pump differential pressure.  Pressure rating shall be 20 psig except for high-pressure cylinder type.
Positive positioning relays shall be provided on pneumatic control when required to provide sufficient power for sequencing.
Provide with adjustable forward travel stops, mounting plate, and other options required for mounted the actuator. 
CONTROL VALVES
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/pressure loss of 10 feet, 50% of coil pressure drop at design flow rate, or 20% of system differential pressure, whichever is greater.
Flow rates greater than 100 GPM shall be V-ball type.
Three-way valves:
Campus Chilled Water System: Prohibited for any application
Building Heating Water System: Ends of runs when shown. 
Flow Characteristic: Linear on bypass port. Equal Percentage on main port. 
Two-way valves:
Install in flow-to-open position.
Flow Characteristic: Equal Percentage
Two position valves shall be line size.
Globe Valves: NPS 2 and Smaller (except HTW):  
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. 
Leakage Class: ANSI/FCI 70-2 Class IV or better. 
Minimum Turndown ratio:  50:1.
Globe Valves: NPS 2½ and Larger prohibited.
Characterized port (V-ball) Ball Valves: NPS 1 and Larger: 
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.
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. 
Leakage Class: ANSI/FCI 70-2 Class IV or better. 
Minimum Turndown ratio:  50:1.
Shutoff Capability:  Actuators shall close valves against pump shutoff head pressure – minimum 100 psig. 
Leakage Class: ANSI/FCI 70-2 Class IV or better. 
Minimum Turndown ratio:  50:1.
Large Valves:  For flow rates greater than 99 GPM, valves shall be V-port ball type as manufactured by Fisher, Samson Controls, or Valtek.
High Temperature Water (HTW) control valves are a special installation requiring more than ordinary care in selection, and installation. Close coordination with the University is required to achieve a successful installation. See 23 2400 High Temperature Water System for details of these valves and requirements for selection and installation including required over-temperature safety devices for all systems. 
Steam System Control Valves: The University main campus does not distribute steam for general heating purposes. Control valves shall be packaged by the equipment manufacturer and fully compatible with the steam system where they are installed (e.g. cage washer booster heater). Work in the University’s Central Generating Facility is special construction and is not covered by this section.  
Reheat (terminal units) Coil Control Valves:  Bronze body, bronze or PTFE trim, replaceable plugs and seats, threaded ends.
Rating:  Class 150 for service at 150 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 if electronically actuated. 
Type: Terminal unit valves may be globe or characterized-port ball valves. 
Manufacturers:  
Belimo
Griswold
Johnson Controls,
Siemens, 
Or equal.
Two-position Isolation valves: Where indicated, provide motor operated gate valves for isolating hydronic boilers. 
[bookmark: _GoBack]Gate valves shall be OS&Y, Ductile Iron-body, bronze or stainless steel-mounted. Actuators shall be AUMA or equal. 
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.
Current Sensing Relay:
Provide solid-state, adjustable, current operated relay.  Provide a relay 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. 
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 at 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.  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.
Occupancy Sensor: Dual technology, motion and passive infrared, with time delay, daylight sensor lockout, sensitivity control, and 180-degree field of view with vertical sensing adjustment, for flush mounting. Occupancy sensor provided and mounted by< Division 26> where required. The sensor shall be set to low sensitivity and 30 minutes time delay.
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.
120VAC 60hz 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 enclosures will be rated, as a minimum, NEMA 1.
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 control panels, not application specific or floor level controllers, Siemens MEC, MBC panels or Johnson Controls NAE, NCM, DX 9100 panels as specific examples will require 30 minutes back up power on an uninterruptible power supply. 
AIR SUPPLY
Control and Instrumentation Tubing:  Type K, seamless copper tubing complying with ASTM B 88 or Type ACR, copper tubing complying with ASTM B 280.
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:  Threaded, Swagelok® fittings, or brazed. Silver-soldering may be used instead of brazing with permission of the University. 
Tank:  ASME storage tank with drain test cock, automatic moisture removal trap, tank relief valve, and rubber-cork vibration isolation mounting pads.  The State of California requires that piping from each point of connection to the tank to the first valve after the point of connection be Schedule 80 metallic piping.  This includes inlet, outlet, drain, and pressure gauge connection piping.
Air Receiver and Dryer/Filters:  Capacity to supply compressed air to temperature-control system lab equipment. Campus compressed air will be used.
If the building will use compressed air from the central plant, connect compressed air at utility tunnel and provide not less than NPS 1 metallic piping from the tunnel to the tank.  Provide not less than one additional isolation valve at tank and point of connection to the campus air supply. 
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/pressure-reducing station or separate filter and pressure-reducing station.
Desiccant Dryer:  Obtains dew point in pneumatic air piping between tunnel and tank at least 15°F below inlet-air dew point at design conditions.  Desiccant dryer will be dual redundant with two dryers mounted next to each other and piped in parallel. Size each dryer for 75% of calculated peak demand. Arrange piping and valves to allow replacing either dryer without disturbing the other.
Pressure Gauges:  Black letters on white background, 4½-inch diameter, flush or surface mounted, with front calibration screw to match sensor, in appropriate units.
Instrument Pressure Gauges:  Black letters on white background, 2-inch diameter, and stem mounted, with suitable dial range.
Diaphragm Control and Instrument Valves:  ¼-inch, ⅜-inch, or ½-inch bronze-body valves, Apollo 70 series. 
Gauge Cocks:  ¼-inchor ½-inch bronze body ball valves, Apollo 70 series matching requirements for hydronic piping and valve specifications
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:  Zinc or aluminum castings with 97+ percent filtration efficiency at rated airflow, quick-disconnect service devices, and aluminum or plastic bowl with metal guard and manual drain cock.
Combination Filter/Regulators:  Zinc 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 percent 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 percent above low pressure.
Pressure-Reducing Stations:  Two parallel pressure regulators.
CONTROL CABLE
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.
Exposed wiring in equipment rooms and inside walls (both line and low voltage) shall be routed in conduit, wire, 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.
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.  Label wiring with point name. 
Conduit run between any two interface or control panels shall be sized to provide an additional twenty-five percent of wiring capacity for future control modifications.
Instrument and output device wiring shall be labeled at every termination including both sides of interim splices within panels.  Labels are required for wire pairs, and not for individual wires. Labels shall be installed 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).  In no case are self-adhesive labels accepted, unless machine printed and protected with clear heat shrinkable tubing.
EXECUTION
EXAMINATION
Verify that conditioned power supply is available to control units and operator workstation.
Verify that duct-, pipe-, and equipment-mounted devices and wiring and pneumatic piping are installed before proceeding with installation.
INSTALLATION
Install equipment level and plumb.
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 on outside of duct in warm areas, not in locations exposed to outdoor conditions without providing watertight protection.  Damper actuators shall NOT be supported from or connected to 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.
<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.> 
PNEUMATIC PIPING INSTALLATION
Install piping in mechanical equipment rooms inside mechanical equipment enclosures, in pipe chases, or suspended ceilings with easy access.
Install copper tubing with maximum unsupported length of 36 inches, for tubing exposed to view. Do not mount tubing directly to walls. Provide Unistrut® or other suitable stand off from the wall. 
Install polyethylene tubing in metallic raceways or electrical metallic tubing.  
Install terminal single-line connections, less than 18 inches in length, with copper or polyethylene tubing run inside flexible steel protection.
In concealed locations, such as pipe chases and suspended ceilings with easy access, install copper tubing or polyethylene tubing in electrical metallic tubing.  <Electrical metallic tubing materials and installation requirements are specified in Division 26 Section "Raceways and Boxes for Electrical Systems.">
In concrete slabs, furred walls, or ceilings with no access, install copper or polyethylene tubing in electrical metallic tubing or vinyl-jacketed polyethylene tubing.
Protect embedded-copper and vinyl-jacketed polyethylene tubing with electrical metallic tubing extending 6 inches above finished slab and 6 inches into slab.  Pressure test tubing before and after pour for leak and pinch.
Install polyethylene tubing in electrical metallic tubing extending 6 inches above floor line; pull tubing into electrical metallic tubing after pour.
Purge tubing with dry, oil-free compressed air or bottled Nitrogen gas before connecting control instruments.
Bridge cabinets and doors with flexible connections fastened along hinge side; protect against abrasion.  Tie and support tubing.
Number-code or color-code control air piping for future identification and service of control system, except local individual room control tubing.
Pressure Gauges or Test Plugs:  Install on branch lines at each receiver controller and on signal lines at each transmitter, except individual room controllers.
ELECTRICAL WIRING AND CONNECTION INSTALLATION
<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 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.
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 be connected in interlock circuit of power controllers.
Connect hand-off-automatic (HOA) selector switches to override automatic interlock controls when switch is in hand position.
CONNECTIONS
Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
Install piping adjacent to machine to allow service and maintenance.
Ground equipment.
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.
FIELD QUALITY CONTROL
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.
Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks exist.
Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit operation.  Remove malfunctioning units, replace with new units, and retest.
Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment, and retest.
Pressure test high-pressure control air piping at 150 psig and low-pressure control air piping at 30 psig for 2 hours, with maximum 1-psig loss.
Calibration test pneumatic and electronic controllers by disconnecting input sensors and stimulating operation with compatible signal generator.
Isolation dampers shall be demonstrated at maximum fan pressure showing that the actuator moves the damper smoothly through its full range of motion without hesitation or stalling and with no visible deflection of any components.
Engage a factory-authorized service representative to perform startup service.
Replace damaged or malfunctioning controls and equipment.
Start, test, and adjust control systems.
Demonstrate compliance with requirements, including calibration and testing, and control sequences.
Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation specified.
Verify DDC by commissioning with University personnel present as follows:
Verify by actual testing that software provides Sequence of Operation specified including automatic restart, control sequences, scheduling, reset controls, and occupied/unoccupied cycles.
Verify by actual operation of safeties and generation of alarms.
Verify operation of operator workstation.
Verify local control units including self-diagnostics.
Verify field level MS/TP, building IP network speeds, traffic, and graphics/ command refresh rates as required herein.
Verify operation of controls at Central Plant and HVAC Shop workstations.
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 40 hours' dedicated instructor time on-site.
Review data in maintenance manuals.  Refer to Division 01.
Schedule demonstration and training with University, through University’s Representative.  Refer to Division 01.
ON-SITE ASSISTANCE
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. 
The following points list must be edited for each project.  Not all of the following points are on every project and not every point that might be required for a project is listed.  
POINTS LIST
The DDC system shall be capable of and connect to the minimum following points for the indicated system and be shown on the graphics.  
100% Outdoor Air Units:
Supply fan status and alarm.
Start/stop/auto operation of fan(s). 
Air flow in cfm, from flow measuring station. 
VFD drive speed, from communications link.
Coil(s) or supply air discharge temperature.
Control valves setpoint and feedback position.
Outside air temperature (typical).
Downstream static pressure of supply fans and at end of longest supply duct runs on each floor.
Motor current, from VFD communications link. 
Fault status of variable frequency drive (VFD).
High static pressure alarm.
Smoke detector alarm.
Isolation dampers.
Recirculating AHUS:
Supply and return fan status and alarm. 
Start/stop/auto operation of fan(s). 
Air flow in cfm, from flow measuring station. 
VFD drive speed, from communications link.
Mixed air (return air and outside air) temperature
Return air temperature.
Coil(s) discharge temperature(s).
Control valve positions (heating and cooling).
Downstream static pressure of supply fans and at end of longest supply duct runs on each floor.
Motor current and kW, from VFD communications link.
Fault status of variable frequency drive (VFD).
CO2 return air in ppm or in the room where the occupant load is 40 sq. foot per person or below.
CO2 outside air intake in ppm.
High static pressure alarm.
Smoke detector alarm.
Outside air, return and relief dampers, and position.
Isolation dampers (at paired units only).
Lab Exhaust Fans:
Fan status (on-off-alarm).
VFD drive speed, from communications link.
Upstream negative suction static pressure of exhaust fans and at end of longest exhaust duct runs on each floor.
Fault status of variable frequency drive (VFD).
Motor current, from VFD communications link.
Isolation dampers.
Bypass dampers.
Pumps:
Pump status (on-off-alarm).
VFD drive speed, from communications link.
Downstream static pressure.
Differential pressure and pressure ranges
Pump suction pressure
Fault status of variable frequency drive (VFD).
Motor current and kW, from VFD communications link.
Energy usage, kWh.
Domestic Hot Water Circulating Pumps:
Pump status (on-off-alarm).
Storage tank temperature.
Heat exchangers and Water Heaters:
Heating water supply and return temperature.
Control valve, and position.
Pump status.
Supply and return temperatures for Domestic Hot Water and HHW return temperature.
Supply and return temperatures for Industrial Hot Water and HHW return temperature.
Low or high water temperature alarms.
HTW heat exchanger:
HTW supply and return temperature sensors.  
Heated medium temperature sensors (supply and return).
HTW control valve, and valve position. 
Redundant heated medium supply temperature.
Alarms– two redundant alarms with one hardwired. 
CHW system:
CHW flow meter.
Supply and return temperature sensors.
HTW system:
HTW flow meter.
Temperature sensors (supply and return).
HTW control valve, and valve position. 
Redundant heated medium supply temperature.
Alarms– two redundant alarms with one hardwired. 
Heating Water System
Heating water pump status
Heating water pump suction pressure
Provide low suction pressure alarm based on highest use of heating water above the pump plus 10 psi. 
Terminal units:
Terminal unit cfm.
Room temperature.
Thermostat set point temperature.
Downstream supply air temperature.
Reheat coil valve, and position.
Connection to occupancy sensor relay.
Process Cooling Water system:
See 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 flow meter per building will depend on what heating mediums are used.  Provide HTW, HHW, DHW, and/or IHW as applicable.
Building system functions:
Building exhaust fans (start/stop/status).
Domestic Cold Water volume metering.
Natural gas volume metering. 
Cold room temperature/common trouble alarm.
Cold room emergency personnel alarm.
HTW served equipment alarms: two (2) temperature sensors (for complete redundancy with one sensor shall be hard wired), in Heating Hot Water system for high water temperature alarm notification, and valve closure.
VFD’s:  Fault status of variable frequency drive (VFD).
Phoenix or Siemens Lab Controls panel trouble alarms.
Fan Coil space setpoint and high temperature alarm.
Sump pump high-level alarms.
Lab air low pressure 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.
Water Softener and RO Producer common trouble alarms.
Sewage/Storm Ejector High Level Alarms.
Condensate Pump alarm.
Computer-Room Air-Conditioning Units – common alarm.
Oxygen Monitor/Sensors – common alarm.
Other new systems not listed above with alarm dry contacts.
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