Union County Improvement Authority BID SPECIFICATIONS
Union County Government Complex November 8, 2023

SECTION 230900 HVAC INSTRUMENTATION AND CONTROLS

PART 1 - GENERAL

11

A

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

DEFINITIONS AND ABBREVIATIONS
DDC - Direct Digital Control. Synonymous with FMS.
FMS — Facility Management System. Synonymous with DDC.

FMS Contractor: Reference to the Contractor completing field installation of the HVAC
Controls. Prime Contractor is responsible for all work performed by sub-contractors and
included within this Section.

HVAC - Heating, Ventilating and Air Conditioning.
1/0: Input/output.

LAN — Local Area Network.

PID: Proportional plus integral plus derivative.

RTD: Resistance temperature detector.

GENERAL SUMMARY OF WORK

This Section includes instrumentation for HVAC systems and components throughout the
Holtec Office Building as identified in this Section and the related documents referenced below.
The project scope of work pertaining to HVAC controls is as follows:

1. HVAC Controls — Front End: Work includes the installation of an open architecture,
web-based system capable of supporting a multi-vendor environment utilizing open
protocol communication standards. The system shall be designed for use on the Internet,
or intranet using off the shelf, industry standard technology compatible with other owner
provided networks. Contractor shall fulfill the scope as identified in the contract
documents and this Section providing all computers, controllers, wiring, devices, sensors,
software and programming to allow full, seamless integration of equipment to the new
HVAC controls system. Electrical work shall be completed in accordance with the
contract documents. The Owner will provide a location for the Contractor to tie-in to the
local Ethernet at the commencement of construction. It is the intent that the web server
will reside in the Owner’s Data Center within the Complex.
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2. HVAC Controls — HVAC Equipment: Work includes the installation and programming
required to monitor, control, and integrate all HVAC equipment into a working system
inclusive of all controllers, devices, and sensors. Contractor shall provide all controllers
for installation in the field or factory for all HYAC equipment. The Contractor shall
supply all controllers, wiring, devices, sensors, software, and programming to provide a
complete and working system. Systems serving the stairwell pressurization system shall
be provided with UUKL rated controllers and reside on their own isolated network.

B.  Related Sections include the following:

1. Division 23 Section "Meters and Gages" for measuring equipment that relates to this
Section.
2. Division 23 Section "Sequence of Operation™ for requirements that relate to this Section.
a. The points list and sequence of operations is found in Section 23 “Sequence of
Operations for HVAC Controls” and the respective equipment specification
sections.

w

Division 01 Section “Construction Waste Management”
4. Division 01 Section "Sustainable Design Requirements - LEEDv4 BD+C" for additional
LEED requirements

C.  Related Contract Documents include the following:

1. Mechanical and electrical construction drawings as included within the contract
documents.

14 SPECIFIC SUMMARY OF WORK

A.  The Facility Management System (FMS) shall be a complete system designed for use with the
enterprise IT systems. This functionality shall extend into the equipment rooms. Devices
residing on the automation network located in equipment rooms and similar shall be fully IT
compatible devices that mount and communicate directly on the IT infrastructure in the facility.
Contractor shall be responsible for coordination with the owner’s IT staff to ensure that the
FMS will perform in the owner’s environment without disruption to any of the other activities
taking place on that Local Area Network (LAN).

B.  All points of user interface shall be on standard PCs that do not require the purchase of any
special software from the FMS manufacturer for use as a building operations terminal. The
primary point of interface on these PCs will be a standard Web Browser.

C.  The work of the single FMS Contractor shall be as defined individually and collectively in all
Sections of this Division specification together with the associated Point Sheets and Drawings
and the associated interfacing work as referenced in the related documents.

D. The FMS work shall consist of the provision of all labor, materials, tools, equipment, software,
software licenses, software configurations and database entries, interfaces, wiring, tubing,
installation, labeling, engineering, calibration, documentation, samples, submittals, testing,
commissioning, training services, permits and licenses, transportation, shipping, handling,
administration, supervision, management, insurance, temporary protection, cleaning, cutting and
patching, warranties, services, and items, even though these may not be specifically mentioned
in these Division documents which are required for the complete, fully functional and
commissioned FMS.
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E.

15

1.6

Provide a complete, neat and workmanlike installation. Use only manufacturer or
manufacturer-certified employees who are skilled, experienced, trained, and familiar with the
specific equipment, software, standards and configurations to be provided for this Project.

Manage and coordinate the FMS work in a timely manner in consideration of the Project
schedules. Coordinate with the associated work of other trades so as to not impede or delay the
work of associated trades.

The FMS building management and control functions to be provided include:

1. Building Management and Control.

2. Enterprise-level information and control access.

3. Monitoring and control of controllers, remote devices, and programmable logic

controllers, including sensors, actuators, and environmental delivery systems (HVAC

building equipment.)

Operator interface to allow general supervision of room controls.

Data Collection and Historical Memory.

Alarm Management.

Trending.

Report Generation.

Network Integration.

0. Data exchange and integration with a diverse range of other computing and facilities
systems using industry-standard techniques.
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BASIC SYSTEM ARCHITECTURE

1. Refer to contract drawings for diagrams and details pertaining to the system architecture.

PROJECT SCHEDULING

FMS Contractor shall schedule all work through the Prime Contractor. Prime Contractor shall
schedule directly with Owner or Owner’s representative. At a minimum, the FMS Contractor
shall submit the following to the Prime Contractor for submission to the Owner:

1. Within one month of contract award, provide a schedule of the work indicating the
following:

Intended sequence of work items

Start dates of individual work items

Duration of individual work items

Planned delivery dates for major material and equipment, and expected lead times

Milestones indicating possible restraints on work by other trades or situations
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2. Provide monthly written status reports indicating work completed and revisions to
expected delivery dates. An updated project schedule shall be included.

CONTROL SYSTEM MANUFACTURERS
Basis of Design:

1. Johnson Controls, Inc. (Corporate Office); Metasys.

HVAC INSTRUMENTATION AND CONTROLS 230900 - 3

BID SPECIFICATIONS
November 8, 2023



Union County Improvement Authority BID SPECIFICATIONS
Union County Government Complex November 8, 2023
B.  Approved Equals:

Automated Logic; WebCTRL.

Schneider Electric (TAC); Smart Struxure.
Honeywell (Corporate Office); EBI.
Trane; Tracer Ensemble.

Jersey State Controls - Schneider Electric.
AME Inc. - Honeywell/Johnson.
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C.  The installing Contractor shall only use products corresponding to the product line listed.

D.  The manufacturer listed above applies to all client and server software, programming, controller
software, computer-generated custom application programming, general purpose and unitary
controllers.

1.7 SYSTEM PERFORMANCE
A.  Comply with the following performance requirements:

1. Graphic Display: Display graphic with minimum 20 dynamic points with current data
within 10 seconds.

2. Graphic Refresh: Update graphic with minimum 20 dynamic points with current data
within 8 seconds.

3. Object Command: Reaction time of less than two seconds between operator command of
a binary object and device reaction.

4, Object Scan: Transmit change of state and change of analog values to control units or
workstation within six seconds.

5. Alarm Response Time: Annunciate alarm at workstation within 45 seconds. Multiple
workstations must receive alarms within five seconds of each other.

6. Program Execution Frequency: Run capability of applications as often as five seconds,
but selected consistent with mechanical process under control.

7. Performance: Programmable controllers shall execute DDC PID control loops, and scan
and update process values and outputs at least once per second.

8. Reporting Accuracy and Stability of Control: Report values and maintain measured
variables within tolerances as follows:

Water Temperature: Plus or minus 1 deg F.

Water Flow: Plus or minus 5 percent of full scale.

Water Pressure: Plus or minus 2 percent of full scale.

Space Temperature: Plus or minus 1 deg F.

Ducted Air Temperature: Plus or minus 1 deg F.

Outside Air Temperature: Plus or minus 2 deg F.

Dew Point Temperature: Plus or minus 3 deg F.

Temperature Differential: Plus or minus 0.25 deg F.

Relative Humidity: Plus or minus 5 percent.

Airflow (Pressurized Spaces): Plus or minus 3 percent of full scale.

Airflow (Measuring Stations): Plus or minus 5 percent of full scale.

Airflow (Terminal): Plus or minus 10 percent of full scale.

Air Pressure (Space): Plus or minus 0.01-inch wg.

Air Pressure (Ducts): Plus or minus 0.1-inch wg.

Carbon Dioxide: Plus or minus 50 ppm.

Electrical: Plus or minus 5 percent of reading.
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1.8 SUBMITTALS

A. Product Data: Include manufacturer's technical literature for each control device. Indicate
dimensions, capacities, performance characteristics, electrical characteristics, finishes for
materials, and installation and startup instructions for each type of product indicated.

1. DDC System Hardware: Bill of materials of equipment indicating quantity,
manufacturer, and model number. Include technical data for operator workstation
equipment, interface equipment, control units, transducers/transmitters, sensors,
actuators, valves, relays/switches, control panels, and operator interface equipment.

2. Control System Software: Include technical data for operating system software, operator
interface, color graphics, and other third-party applications.

3. Controlled Systems:  Instrumentation list with element name, type of device,
manufacturer, model number, and product data. Include written description of sequence
of operation including schematic diagram.

B.  Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

1. Bill of materials of equipment indicating quantity, manufacturer, and model humber.

Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control

devices.

Wiring Diagrams: Power, signal, and control 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 flow characteristics.

DDC System Hardware:

a. Wiring diagrams for control units with termination numbers.

b. Schematic diagrams and floor plans for field sensors and control hardware.

C. Schematic diagrams for control, communication, and power wiring, showing trunk
data conductors and wiring between operator workstation and control unit
locations.

N
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9. Control System Software: List of color graphics indicating monitored systems, data
(connected and calculated) point addresses, output schedule, and operator notations.
10.  Controlled Systems:
a. Schematic diagrams of each controlled system with control points labeled and
control elements graphically shown, with wiring.
b. Scaled drawings showing mounting, routing, and wiring of elements including
bases and special construction.
C. Written description of sequence of operation including schematic diagram.
d. Points list.

11. LEED Submittals: Provide submittals for the products named herein as delineated in
Division 01 Section, "Sustainable Design Requirements - LEED V4 BD+C" Avrticle 1.6,
Action Submittals, subparagraph 1.6.C.9 for VOC content of sealants and adhesives.

C. Data Communications Protocol Certificates: Certify that each proposed DDC system
component complies with ASHRAE 135 BACnet communication protocol.
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D.  Samples for Initial Selection: For each color required, of each type of thermostat or sensor
cover with factory-applied color finishes.

E.  Samples for Verification: For each color required, of each type of thermostat or sensor cover.
F. Software and Firmware Operational Documentation: Include the following:

1. Software operating and upgrade manuals.

2. Program Software Backup: On a magnetic media or compact disc, complete with data
files.

3. Device address list.

4. Printout of software application and graphic screens.

5 Software license required by and installed for DDC workstations and control systems.

G.  Software Upgrade Kit: For Owner to use in modifying software to suit future systems revisions
or monitoring and control revisions.

H.  Qualification Data: For Installer and manufacturer. Refer to Section above for requirements.

I Field quality-control test reports.

J. Operation and Maintenance Data: For HVAC instrumentation and control system to include in
emergency, operation, and maintenance manuals. In addition to items specified in Division 1

Section "Operation and Maintenance Data," include the following:

1. Basic Requirements:
a. Maintenance instructions and lists of spare parts for each type of control device.

b. Interconnection wiring diagrams with identified and numbered system components
and devices.

C. Keyboard illustrations and step-by-step procedures indexed for each operator
function.

d. Inspection period, cleaning methods, cleaning materials recommended, and

calibration tolerances.
e. Calibration records and list of set points.

1.9 QUALITY ASSURANCE
A. General

1. FMS Contractor shall be a direct factory branch office or authorized representative for
manufacturer of Front End Software, DDC System Hardware and other related systems.
Installing office shall have a minimum of ten years of installation experience with the
manufacturer and shall provide documentation in submittal package verifying longevity
of the installing company's relationship with the manufacturer.

2. FMS Contractor shall have experience performing work of this nature and shall be pre-
qualified by the State of New Jersey Division of Property Management and Construction
for HVAC Control Systems (Class 043) for at least $5 million.

3. Bids by wholesalers, dealers or any other firms not authorized to provide, install, service
and maintain approved manufacturer’s HVAC Controls will not be acceptable.

4, All work described in this section shall be installed, wired, circuit tested, and calibrated
by factory-certified technicians qualified for this work and in the direct employment of
the temperature control system manufacturer. FMS Contractor shall provide 100 percent
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of all services with company personnel. No portion of services can be subcontracted to
others without express written permission of the Owner; with such permission, all
specifications, terms, and conditions specified herein shall be the responsibility of the
Prime Contractor.

5. FMS Contractor / manufacturer shall have a solid reputation of installing, servicing and
maintaining “open protocol” Control systems that are compliant with servicing multiple
manufacturers over a standard I/P protocol (BACnet).

6. FMS Contractor shall have a local branch facility within a 100-mile radius of the job site.
Emergency service shall be available on a 24-hour, 7-day-a-week basis.

7. FMS Contractor will coordinate with other Trade Contractors regarding the location and
size of pipes, equipment, fixtures, conduit, ducts, openings, switches, outlets, and so
forth, in order to eliminate any delays in the progress of the job.

8. FMS Contractor shall complete work necessary to allow the Test and Balance Contractor
to perform work in a timely manner. The FMS Contractor shall complete all work
necessary to allow operation and demonstration of variable frequency drives.

B.  Experience Record

1. The FMS Contractor shall have a minimum of ten years’ experience with the complete,
turnkey installation of FMS Control Systems of similar size and technical complexity.

C. Products

1. Controller and DDC (Direct Digital Control) system components shall be current
production products.

D. 1S0-9001
1. The manufacturer of the FMS Control System shall provide documentation supporting
compliance with 1SO-9001 (Model of Quality Assurance in Design/Development,
Production, Installation, and Servicing).

E.  Quality Assurance Program

1. The FMS Contractor shall assign a single individual to serve as the Quality Assurance
Manager, who is to be responsible for the management of the program.

F. Governing Code Compliance

1. The FMS Contractor shall comply with all current governing codes ordinances and
regulations, including UL, NFPA, the local Building Code, NEC, and so forth.

G. FCC Regulation

1. All electronic equipment shall conform to the requirements of FCC Regulation, Part 23,
Section 23, Governing Radio Frequency Electromagnetic Interference, and be so labeled.

H.  Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Avrticle 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

. Comply with ASHRAE 135 for DDC system components.
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1.10 DELIVERY, STORAGE, AND HANDLING

A.  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 equipment
manufacturer.

B.  System Software: Update to latest version of software at Project completion.

111 COORDINATION

A.  Coordinate location of thermostats, humidistats, and other exposed control sensors with plans
and room details before installation.

B.  Coordinate supply of conditioned electrical branch circuits for control units and operator
workstation.

C.  Coordinate equipment with Division 26 Section "Panelboards™" to achieve compatibility with
starter coils and annunciation devices.

D. Coordinate equipment with Division 26 Section "Motor-Control Centers" to achieve
compatibility with motor starters and annunciation devices.

E. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Division 3 Section "Cast-in-Place
Concrete."

F. Inter-Divisions Coordination

1. The FMS Contractor shall cooperate with other divisions performing work on this project
as necessary to achieve a complete and neat installation. The Contractor shall also
consult the drawings and specifications of all trades to determine the nature and extent of
others” work. It will be the duty of this Contractor to work in cooperation with other
contractors, and with other sub-contractors and employees, rendering assistance and
arranging his or her work so that the entire project will be delivered in the best possible
condition and in the shortest time.

2. If the FMS Contractor, upon completing coordination with other divisions performing
work on this contract is under the assumption that there are still open issues that restrict
he or she from completing their work, he or she must alert both the Owner’s
representative of the problem in a timely manner.

1.12 WARRANTY
A. Warrant all work as follows:

1. Labor and materials for the control system specified shall be warranted free from defects
for a period of 12 months after final completion and acceptance. Control system failures
during the warranty period shall be adjusted, repaired, or replaced at no additional cost or
reduction in service to the Owner. The contractor shall respond to the Owner’s request
for warranty service within 24 hours during normal business hours.

2. All work shall have a single warranty date, even when the Owner has received beneficial
use due to an early system start-up. If the work specified is split into multiple contracts or
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a multiphase contract, then each contract or phase shall have a separate warranty start
date and period.

3. At the end of the final start-up, testing, and commissioning phase, if equipment and
systems are operating satisfactorily to the Engineer, the Engineer shall sign certificates
certifying that the control system’s operation has been tested and accepted in accordance
with the terms of this Specification. The date of acceptance shall be the start of warranty.

1.13 OWNERSHIP OF PROPRIETARY MATERIAL

A.  Project-developed software and documentation shall become the property of the Owner. These
include, but are not limited to:

Project graphic images.

Record drawings.

Project database.

Project-specific application programming code.
All documentation.
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PART 2 - PRODUCTS

2.1 SYSTEM DESCRIPTION

A. The entire Facility Management System (FMS) shall be comprised of a network of
interoperable, stand-alone digital controllers communicating on an open protocol
communication network. The FMS shall communicate to third party systems such as chillers,
boilers, air handling systems, energy metering systems, other energy management systems,
access control systems, fire-life safety systems and other building management related devices
with open, interoperable communication capabilities.

B. The basic controls system also includes all sensors, controllers, instruments, valves, actuators,
devices, installation and service for a complete and functional controls system. All control
devices (valves, dampers, actuators, etc.) are included under the contract unless specifically
specified elsewhere in the contract documents.

C.  The Installed system shall provide secure password access to all features, functions, and data
within the overall FMS in a defined hierarchy.

2.2 OPEN, INTEROPERABLE INTEGRATED ARCHITECTURES

A.  The intent of this specification is to provide an Open System solution that utilizes industry
standard communications protocols consisting of peer-to-peer networked, stand-alone,
distributed controls in compliance with ANSI/ASHRAE Standard 135-2020 BACnhet®
communication protocol in one open, interoperable system. Open System communication
protocols shall be utilized Top-to-Bottom from front-end Graphical User Interface (GUI) to the
field level distributed controllers. Proprietary communications, objects, or communication
“Tiers” are not acceptable allowing highest level of interoperability between control devices and
systems.
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B. The supplied computer software shall employ object-oriented technology (OOT) for
representation of all data and control devices within the system. In addition, adherence to
industry standards including ANSI / ASHRAE™ Standard 135-2020 BACnhet® to assure
interoperability between all system components is required. For all native BACnet® device, the
device supplier must provide a PICS document showing the installed device’s compliance level,
or BIBB’s listing supported objects, properties, and services. All native BACnet® Controllers
should confirm to BIBB’s profile for B-BC, B-ASC, B-AAC as applicable with the ability to
support minimum data read and write functionality listed in the associated control drawings and
points list. Physical connection of BACnet® devices shall be via Ethernet utilizing BACnet®
over IP without the need for additional hardware viz. routers and / or gateways.

C.  All network controllers supplied under this contract shall be true “peer-to-peer” communicating
devices. Plant controllers requiring “polling” by a host to pass data shall not be acceptable.

D. A hierarchical topology is required to assure reasonable system response times and to manage
the flow and sharing of data without unduly burdening the customer’s internal Intranet network.
Systems employing a “flat” single tiered architecture shall not be acceptable.

2.3 NETWORKS

A. The Local Area Network (LAN) shall be 100 Megabits/sec Ethernet network supporting
BACnet®, Java, XML, and HTTP for maximum flexibility for integration of building data with
enterprise information systems and providing support for multiple Network Area Controllers
(NACSs), user workstations and a local host computer system.

B.  Local area network minimum physical and media access requirements:

1. Ethernet; IEEE standard 802.3
2. Cable; 10 Base-T, UTP-8 wire, category 5
3. Minimum throughput: 10 Mbps, with ability to increase to 100 Mbps

24 PACKAGING AND ENVIRONMENTS

A. Distributed unitary controller enclosures (panels) shall be locking type, metal cabinet, with
common keying. The panels shall have a metal print pocket suitable for storing wiring, service
and log information. Indoor panels shall be NEMA 4 enclosures with gaskets. Any panels in
cooling tower or chemically treated areas shall be stainless steel (Fiberglass enclosures rated for
outside applications are acceptable).

B.  The panel, when required, must functionally operate over a temperature range of 0 to 50, and a
humidity range of 0 - 93% non-condensing.

C. DDC panels shall come with a minimum of six pre-existing available knockouts for ease of
wiring during installation.

D. The electrical requirements shall be identified and coordinated by the FMS Contractor. Any
120/230 VAC requirements are to be coordinated with Electrical Contractor. The Electrical
Contractor shall provide 120/230 VAC power circuits to each panel. 120/230 VAC power
should not be installed in the same panel as 24 VAC. However, if 120/230 VAC power must be
installed in the same panel with 24 VAC power due to design and/or system constraints, the
120/230 VAC side of the panel shall be physically isolated from the 24VAC side and clearly
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2.5

2.6

labeled. Use raceways (Panduit or equivalent) in each control panel to conceal all wiring. Fuse
all transformers.

Control panels shall be clearly identified by labels with 2” high lettering.

Provide and install as-built wiring diagrams to indicate the control points on all equipment.
Also provide laminated point lists in all control panels.

SYSTEM PROGRAMMING

The Graphical User Interface software (GUI) shall provide the ability to perform system
programming and graphic display engineering as part of a complete software package. Access
to the programming functions and features of the GUI shall be through password access as
assigned by the system administrator.

A library of control, application, and graphic objects shall be provided to enable the creation of
all applications and user interface screens. Applications are to be created by selecting the
desired control objects from the library, dragging or pasting them on the screen, and linking
them together using a built-in graphical connection tool. Completed applications may be stored
in the library for future use. Graphical User Interface screens shall be created in the same
fashion.

NETWORK SERVER

Operator Interface. Vendor shall provide system server with BACnet B-AWS web-based server
GUI. This server will provide unlimited user access via the client IP network from any web
enabled device (laptop, desktop, tablet, cell phone) with proper credentials via a standard web
browser. No add-ins or additional software will be required at any of the devices accessing the
system via the IP network, other than a standard web browser. This server will provide all
functions - graphics, trends, alarms, schedules, reports, global demand limiting, and other
functions required under this section.

Vendor must include with bid all software for owner to create new or edit existing graphics,
trends, schedules, reports, alarms, system database, or any other functions included with the
front end software. The intent is for the owner to be capable of being fully autonomous once
the system installation is complete.

Communication. Web server or workstation and controllers shall communicate using BACnet
protocol. Web server or workstation and control network backbone shall communicate using
ISO 8802-3 (Ethernet) Data Link/Physical layer protocol and BACnet/IP addressing as
specified in ANSI/ASHRAE 135-2020, BACnet, and have current certification as a B-AWS.

Hardware. Each workstation or web server shall consist of the following:

1. Hardware Base. Industry-standard hardware shall meet or exceed DDC system
manufacturer's recommended specifications and shall meet response times specified in
Section 230923 Paragraph 1.9. Hard disk shall have sufficient memory to store system
software, one year of data for trended points specified in Section 230993. Configure
computers and network connections if multiple computers are required to meet specified
memory and performance. Web server or workstations shall be IBM-compatible PCs with
a minimum of:
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a. Intel Pentium 2.66 GHz processor
b. 16 GB RAM
C. 100 GB hard disk providing data at 100 MB/sec
d. 48x CD-ROM/DVD drive
e. Serial, parallel, and network communication ports and cables required for proper

system operation

E.  Operator Functions. Operator interface shall allow each authorized operator to execute the
following functions as a minimum:

1. Log In and Log Out. System shall require username and password to log in to operator
interface.

2. Point-and-click Navigation. Operator interface shall be graphically based and shall allow
operators to access graphics for equipment and geographic areas using point-and-click
navigation.

3. View and Adjust Equipment Properties. Operators shall be able to view controlled
equipment status and to adjust operating parameters such as setpoints, PID gains, on and
off controls, and sensor calibration.

4. View and Adjust Operating Schedules. Operators shall be able to view scheduled
operating hours of each schedulable piece of equipment on a weekly or monthly
calendar-based graphical schedule display, to select and adjust each schedule and time
period, and to simultaneously schedule related equipment. System shall clearly show
exception schedules and holidays on the schedule display.

5. View and Respond to Alarms. Operators shall be able to view a list of currently active
system alarms, to acknowledge each alarm, and to clear (delete) unneeded alarms.

6. View and Configure Trends. Operators shall be able to view a trend graph of each
trended point and to edit graph configuration to display a specific time period or data
range. Operator shall be able to create custom trend graphs to display on the same page
data from multiple trended points.

7. View and Configure Reports. Operators shall be able to run preconfigured reports, to
view report results, and to customize report configuration to show data of interest.

8. Manage Control System Hardware. Operators shall be able to view controller status, to
restart (reboot) each controller, and to download new control software to each controller.

9. Manage Operator Access. Typically, only a few operators are authorized to manage
operator access. Authorized operators shall be able to view a list of operators with system
access and of functions they can perform while logged in. Operators shall be able to add
operators, to delete operators, and to edit operator function authorization. Operator shall
be able to authorize each operator function separately.

F. System Software.
1. Operating System. Web server shall have an industry-standard professional-grade

operating system. Acceptable systems include Microsoft Windows XP Pro, Red Hat
Linux, or Sun Solaris.
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2. System Graphics. Operator interface shall be graphically based and shall include at least
one graphic per piece of equipment or occupied zone, graphics for each chilled water and
hot water system, and graphics that summarize conditions on each floor of each building
included in this contract. Indicate thermal comfort on floor plan summary graphics using
dynamic colors to represent zone temperature relative to zone setpoint.

a. Functionality. Graphics shall allow operator to monitor system status, to view a
summary of the most important data for each controlled zone or piece of
equipment, to use point-and-click navigation between zones or equipment, and to
edit setpoints and other specified parameters.

b. Animation. Graphics shall animate by displaying different image files for changed
object status.

C. Alarm Indication. Indicate areas or equipment in an alarm condition using color or
other visual indicator.

G.  Format. Graphics shall be saved in an industry-standard format such as BMP, JPEG, PNG, or
GIF. Web-based system graphics shall be viewable on browsers compatible with World Wide
Web Consortium browser standards. Web graphic format shall require no plug-in (such as
HTML and JavaScript) or shall only require widely available no-cost plug-ins (such as Active-
X and Macromedia Flash).

2.7 CONTROL UNITS

A.  Control Units: Modular, comprising processor board with programmable, nonvolatile, random-
access memory; local operator access and display panel; integral interface equipment; and
backup power source.

1. Units monitor or control each 1/O point; process information; execute commands from
other control units, devices, and operator stations; and download from or upload to
operator workstation or diagnostic terminal unit.

2. Stand-alone mode control functions operate regardless of network status. Functions
include the following:

Global communications.

Discrete/digital, analog, and pulse 1/0.

Monitoring, controlling, or addressing data points.

Software applications, scheduling, and alarm processing.

Testing and developing control algorithms without disrupting field hardware and
controlled environment.

®Poo0 o

3. Standard Application Programs:

a. Electric Control Programs: Demand limiting, duty cycling, automatic time
scheduling, start/stop time optimization, night setback/setup, on-off control with
differential sequencing, staggered start, antishort cycling, PID control, DDC with
fine tuning, and trend logging.

b. HVAC Control Programs: Optimal run time, supply-air reset, and enthalpy
switchover.

C. Chiller Control Programs: Control function of condenser-water reset, chilled-
water reset, and equipment sequencing.

d. Boiler Control Programs: Control function of hot-water reset and equipment
sequencing.
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e. Programming Application Features: Include trend point; alarm processing and
messaging; weekly, monthly, and annual scheduling; energy calculations; run-time
totalization; and security access.
f. Include additional programs as required to provide sequences as described in
Section 23 “Sequence of Operations for HYAC Controls.”
g. Remote communications.
h. Maintenance management.
i. Units of Measure: Inch-pound and SI (metric).

4. Local operator interface provides for download from or upload to operator workstation or
diagnostic terminal unit.

5. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and
communicate using 1SO 8802-3 (Ethernet) datalink/physical layer protocol.

B.  Local Control Units: Modular, comprising processor board with electronically programmable,
nonvolatile, read-only memory; and backup power source.

1. Units monitor or control each 1/0O point, process information, and download from or
upload to operator workstation or diagnostic terminal unit.

2. Stand-alone mode control functions operate regardless of network status. Functions
include the following:

a. Global communications.
b. Discrete/digital, analog, and pulse 1/0.
C. Monitoring, controlling, or addressing data points.

3. Local operator interface provides for download from or upload to operator workstation or
diagnostic terminal unit.

4. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and
communicate using I1SO 8802-3 (Ethernet) datalink/physical layer protocol.

C. I/0 Interface: Hardwired inputs and outputs may tie into system through controllers. Protect
points so that shorting will cause no damage to controllers.

1. Binary Inputs: Allow monitoring of on-off signals without external power.

2. Pulse Accumulation Inputs: Accept up to 10 pulses per second.

3. Analog Inputs: Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA),
or resistance signals.

4, Binary Outputs: Provide on-off or pulsed low-voltage signal, selectable for normally
open or normally closed operation with three-position (on-off-auto) override switches and
status lights.

5. Analog Outputs: Provide modulating signal, either low voltage (0- to 10-V dc) or current
(4 to 20 mA) with status lights, two-position (auto-manual) switch, and manually
adjustable potentiometer.

6. Tri-State Outputs: Provide two coordinated binary outputs for control of three-point,
floating-type electronic actuators.

7. Universal I/Os: Provide software selectable binary or analog outputs.

D.  Power Supplies: Transformers with Class 2 current-limiting type or overcurrent protection;
limit connected loads to 80 percent of rated capacity. DC power supply shall match output
current and voltage requirements and be full-wave rectifier type with the following:

1. Output ripple of 5.0 mV maximum peak to peak.
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2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 50
percent load changes.
3. Built-in overvoltage and overcurrent protection and be able to withstand 230 percent
overload for at least 3 seconds without failure.

E. Power Line Filtering: Internal or external transient voltage and surge suppression for
workstations or controllers with the following:

Minimum dielectric strength of 1000 V.

Maximum response time of 10 nanoseconds.

Minimum transverse-mode noise attenuation of 65 dB.

Minimum common-mode noise attenuation of 230 dB at 40 to 100 Hz.

el A

2.8 UNITARY CONTROLLERS

A.  Unitized, capable of stand-alone operation with sufficient memory to support its operating
system, database, and programming requirements, and with sufficient I/O capacity for the
application.

1. Configuration: Local keypad and display; diagnostic LEDs for power, communication,
and processor; wiring termination to terminal strip or card connected with ribbon cable;
memory with bios; and 72-hour battery backup.

2. Operating System: Manage I/O communication to allow distributed controllers to share
real and virtual object information and allow central monitoring and alarms. Perform
scheduling with real-time clock. Perform automatic system diagnostics; monitor system
and report failures.

3. ASHRAE 135 Compliance: Communicate using read (execute and initiate) and write
(execute and initiate) property services defined in ASHRAE 135. Reside on network
using MS/TP datalink/physical layer protocol and have service communication port for
connection to diagnostic terminal unit.

4, Enclosure: Dustproof rated for operation at 32 to 120 deg F.

29 ALARM PANELS

A.  Unitized cabinet with suitable brackets for wall or floor mounting. Fabricate of 0.06-inch-
thick, furniture-quality steel or extruded-aluminum alloy, totally enclosed, with hinged doors
and keyed lock and with manufacturer's standard shop-painted finish. Provide common keying
for all panels.

B. Indicating light for each alarm point, single horn, acknowledge switch, and test switch, mounted
on hinged cover.

Alarm Condition: Indicating light flashes and horn sounds.

Acknowledge Switch: Horn is silent and indicating light is steady.

Second Alarm: Horn sounds and indicating light is steady.

Alarm Condition Cleared: System is reset and indicating light is extinguished.
Contacts in alarm panel allow remote monitoring by independent alarm company.

arwdE
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2.10 USER INTERFACE

A. Distributed Web Based User Interface:

1. User Interface shall be capable via any District-owned personal computer via an
integrated web browser for command entry, information management, network alarm
management, and database management functions. All real-time control functions,
including scheduling, history collection and alarming, shall be resident in the FMS
Network Automation Engines to facilitate greater fault tolerance and reliability.

2. The system shall support user preferences in the following screen presentations:

a. Alarm

b. Trend

C. Display

d. Applications

3. All controller software operating parameters shall be displayed for the operator to
view/modify from the user interface. These include: setpoints, alarm limits, time delays,
PID tuning constants, run-times, point statistics, schedules, and so forth.

4. The Operator Interface shall incorporate comprehensive support for functions including,
but not necessarily limited to, the following:

User access for selective information retrieval and control command execution

Monitoring and reporting

Alarm, non-normal, and return to normal condition annunciation

Selective operator override and other control actions

Information archiving, manipulation, formatting, display and reporting

FMS internal performance supervision and diagnostics

On-line access to user HELP menus

On-line access to current BMS as-built records and documentation
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5. Means for the controlled re-programming, re-configuration of BMS operation and for the
manipulation of BMS database information in compliance with the prevailing codes,
approvals, and regulations for individual BMS applications.

6. The system shall support a list of application programs configured by the users that are
called up by the following means:

a. The Tools Menu
b. Hyperlinks within the graphics displays
C. Key sequences

7. The operation of the control system shall be independent of the user interface, which
shall be used for operator communications only. Systems that rely on an operator
workstation to provide supervisory control over controller execution of the sequences of
operations or system communications shall not be acceptable.

B.  Portable User Interface
1. Contractor shall provide one (1) portable 10-inch tablet device typical of a Microsoft
Surface Tablet - 128 MB or approved equivalent capable of operating over a wireless
network to obtain access to the FMS. Tablet shall be provided with all required software
and licenses to operate as the remote user interface.

C.  Reporting:
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1. Reports and Summaries shall be generated and directed to the user interface displays,
with subsequent assignment to printers, or disk. As a minimum, the system shall provide
the following reports:
All points in the FMS
All points in each FMS application
All points in a specific controller
All points in a user-defined group of points
All points currently in alarm
All points locked out
All user defined and adjustable variables, schedules, interlocks and the like.
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2. Summaries and Reports shall be accessible via standard Ul functions and not dependent
upon custom programming or user defined HTML pages.

3. Selection of a single menu item, tool bar item, or tool bar button shall print any displayed
report or summary on the system printer for use as a building management and
diagnostics tool.

4. Provide the capability to view, command and modify large quantities of similar data in
tailored summaries created online without the use of a secondary application like a
spreadsheet. Summary definition shall allow up to seven user defined columns describing
attributes to be displayed including custom column labels. Up to 100 rows per summary
shall be supported. Summary viewing shall be available over the network using a
standard Web browser.

5. Reports shall be selectable by date, time, area, and device. Each report shall include a
color visual summary of essential energy information.

D. Schedules

1. A graphical display for time-of-day scheduling and override scheduling of building
operations shall be provided. At a minimum, the following functions shall be provided:
a. Weekly schedules
b. Exception Schedules
C. Monthly calendars

2. Weekly schedules shall be provided for each group of equipment with a specific time use
schedule.

3. It shall be possible to define one or more exception schedules for each schedule including
references to calendars.

4. Monthly calendars shall be provided that allow for simplified scheduling of holidays and
special days for a minimum of five years in advance. Holidays and special days shall be
user-selected with the pointing device or keyboard, and shall automatically reschedule
equipment operation as previously defined on the exception schedules.

5. Changes to schedules made from the User Interface shall directly modify the Network

Automation Engine schedule database.

Schedules and Calendars shall comply with ASHRAE 135/2020 BACnet Standard.

7. The Calendar object supports an option to add a reference to another Calendar Object that
is designated to be the master for the facility. Any Supervisory and BAC calendars can
be configured to reference a single master Global Calendar. Changes to the master global
calendar are automatically synchronized with all calendars that are referenced.

8. Selection of a single menu item or tool bar button shall print any displayed schedule on
the system printer for use as a building management and diagnostics tool.

9. Software shall be provided to configure and implement optimal start and stop
programming based on indoor and outdoor environmental conditions as well as
equipment operating history.

o
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10. The system Solar Clock shall support the scheduling and energy management functions.
The Solar Clock will calculate the sunrise, sunset, and sun angle values for a specified
latitude and longitude. A time offset can also be specified. An example would be to use
the Solar Clock object as a master to an interlock to turn lights on 30 minutes after sunset
and off 30 minutes before sunrise.

E.  System Security

1. Multiple-level password access protection shall be provided to allow the user/manager to
user interface control, display, and database manipulation capabilities deemed
appropriate for each user, based on an assigned password.

2. Each user shall have the following: a username (accept 24 characters minimum), a
password (accept 12 characters minimum), and access levels.

3. The system shall allow each user to change his or her password at will.

F. Dynamic Color Graphics

1. The graphics application program shall be supplied as an integral part of the User
Interface. Browser or Workstation applications that rely only upon HTML pages shall not
be acceptable.

2. The graphics applications shall include a create/edit function and a runtime function. The
system architecture shall support an unlimited number of graphics documents (graphic
definition files) to be generated and executed. The graphics shall be able to display and
provide animation based on real-time data that is acquired, derived, or entered.

3. Graphics runtime functions — A maximum of 16 graphic applications shall be able to
execute at any one time on a user interface or workstation with 4 visible to the user. Each
graphic application shall be capable of the following functions:

a. All graphics shall be fully scalable.

b. The graphics shall support a maintained aspect ratio.

c. Multiple fonts shall be supported.

d. Unique background shall be assignable on a per graphic basis.

e. The color of all animations and values on displays shall indicate the status of the
object attribute.

f. Graphics that represent buildings or systems shall allow natural links and
transitions between related detailed tabular views of data that compliment the
graphic.

4, Operation from Graphics — It shall be possible to change values (set-points) and states in
system controlled equipment directly from the graphic.

5. Floor Plan Graphics — The user interface shall provide graphic applications that
summarize conditions on a floor. Floor plan graphics shall indicate thermal comfort
using dynamic colors to represent zone temperature deviations from zone setpoint(s).
Floor plan graphics shall display overall metrics for each zone in the floor.

G.  Historical Trending and Data Collection:
1. Each Automation Engine shall store trend and point history data for all analog and digital
inputs and outputs, as follows:
a. Any point, physical or calculated, may be designated for trending. Two methods of
collection shall be allowed: defined time interval and upon a change of value.

2. Each Automation Engine shall have the capability to store multiple samples for each
physical point and software variable based upon available memory, including an
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individual sample time/date stamp. Points may be assigned to multiple history trends with

different collection parameters.

Provide a trend viewing utility that shall have access to all database points.

4. It shall be possible to retrieve any historical database point for use in displays and reports
by specifying the point name and associated trend name.

5. The trend viewing utility shall have the capability to define trend study displays to
include multiple trends.

6. Displays shall be able to be single or stacked graphs with on-line selectable display
characteristics, such as ranging, color, and plot style.

7. Display magnitude and units shall both be selectable by the operator at any time without
reconfiguring the processing or collection of data. This is a zoom capability.

8. Display magnitude shall automatically be scaled to show full graphic resolution of the
data being displayed.

9. The Display shall support the user’s ability to change colors, sample sizes, and types of
markers.

w

211 TIME CLOCKS

A.  Solid-state, programmable time control with 8 separate programs each with up to 100 on-off
operations; 1-second resolution; lithium battery backup; keyboard interface and manual
override; individual on-off-auto switches for each program; 365-day calendar with 20
programmable holidays; choice of fail-safe operation for each program; system fault alarm; and
communications package allowing networking of time controls and programming from PC.

212 ELECTRONIC SENSORS

A. Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as
required.

B.  Thermistor Temperature Sensors and Transmitters:

1. Accuracy: Plus or minus 0.5 deg F at calibration point.

2. Wire: Twisted, shielded-pair cable.

3. Insertion Elements in Ducts: Single point, 8 inches to 18 inches long; use where not
affected by temperature stratification or where ducts are smaller than 9 sq. ft.

4, Averaging Elements in Ducts: 36 to 72 inches long, flexible; use where prone to
temperature stratification or where ducts are larger than 10 sqg. ft.

5. Insertion Elements for Liquids: Brass or stainless-steel socket with minimum insertion
length of 2-1/2 inches.

6. Room Sensor Cover Construction: Manufacturer's standard locking covers.

Set-Point Adjustment: Concealed.

Set-Point Indication: Concealed.

Thermometer: Concealed.

Color: White.

Orientation: Vertical.
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Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.
8. Room Security Sensors: Stainless-steel cover plate with insulated back and security
SCrews.

C. RTDs and Transmitters:
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1. Accuracy: Plus or minus 0.2 percent at calibration point.
2. Wire: Twisted, shielded-pair cable.
3. Insertion Elements in Ducts: Single point, 8 inches to 18 inches long; use where not
affected by temperature stratification or where ducts are smaller than 9 sq. ft.
4. Averaging Elements in Ducts: 18 to 48 inches long, rigid; use where prone to
temperature stratification or where ducts are larger than 9 sq. ft.; length as required.
5. Insertion Elements for Liquids: Brass socket with minimum insertion length of 2-1/2
inches.
6. Room Sensor Cover Construction: Manufacturer's standard locking covers.
Set-Point Adjustment: Concealed.
Set-Point Indication: Concealed.
Thermometer: Concealed.
Color: White.
Orientation: Vertical.
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Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.
8. Room Security Sensors: Stainless-steel cover plate with insulated back and security
SCrews.

D.  Humidity Sensors: Bulk polymer sensor element.

1. Accuracy: 2 percent full range with linear output.

Room Sensor Range: 20 to 80 percent relative humidity.

3. Room Sensor Cover Construction: Manufacturer's standard locking covers.
Set-Point Adjustment: Concealed.

Set-Point Indication: Concealed.

Thermometer: Concealed.

Color: White.

Orientation: Vertical.

N
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4. Duct Sensor: 20 to 80 percent relative humidity range with element guard and mounting
plate.

5. Outside-Air Sensor: 20 to 80 percent relative humidity range with mounting enclosure,
suitable for operation at outdoor temperatures of minus 22 to plus 185 deg F.

6. Duct and Sensors: With element guard and mounting plate, range of 0 to 100 percent
relative humidity.

E. Pressure Transmitters/Transducers:

1. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected
input, and temperature compensated.
a. Accuracy: 2 percent of full scale with repeatability of 0.5 percent.
b. Output: 4to 20 mA.
C. Building Static-Pressure Range: 0- to 0.25-inch wg.
d. Duct Static-Pressure Range: 0- to 5-inch wg.

2. Water Pressure Transducers: Stainless-steel diaphragm construction, suitable for service;
minimum 230-psig operating pressure; linear output 4 to 20 mA.

3. Water Differential-Pressure Transducers:  Stainless-steel diaphragm construction,
suitable for service; minimum 230-psig operating pressure and tested to 300-psig; linear
output 4 to 20 mA.

4. Differential-Pressure Switch (Air or Water): Snap acting, with pilot-duty rating and with
suitable scale range and differential.
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2.13

5. Pressure Transmitters: Direct acting for gas, liquid, or steam service; range suitable for
system; linear output 4 to 20 mA.

Room Sensor Cover Construction: Manufacturer's standard locking covers.

Set-Point Adjustment: Concealed.
Set-Point Indication: Concealed.
Thermometer: Concealed.

Color: White.

Orientation: Vertical.

S

Room sensor accessories include the following:

1. Insulating Bases: For sensors located on exterior walls.
2. Guards: Locking; heavy-duty, transparent plastic; mounted on separate base.
3. Adjusting Key: As required for calibration and cover screws.

CO2 SENSORS

Where shown on the drawings, C02 sensors shall have the following features:

1. Jumper selectable: 0-20mA, 4-20mA & 0-10VDC output
2. Liquid Crystal Display

The C02 sensors shall have the ability to monitor and output the following variables as required
by the systems sequence of operations:

1. Zone carbon-dioxide.

The C02 shall transmit the information back to the controller via jumper selectable 0-20mA, 4-
20mA & 0-10VvDC output signals.

1. The C02 sensors shall provide a maximum output current of 25mA; Maximum output
voltage of 12.5V.
2. The CO02 sensors shall be FCC compliant to CFR47 Part 15 subpart B Class A.

The C02 Sensors shall be available with

CO2 response time (0-63%) of 1 minute

Less than 0.083% of full scale/F° temperature dependence of CO2 output
Long term CO2 stability +5% of full scale for 5 years

CO2 measurement accuracy of +(40ppm + 2.0% of reading)

CO2 non-linearity of less than 1.0% of full scale
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The CO02 Sensors may include the following items :

1. Relay output module
2. Liquid Crystal Display module
3. Analog temperature module with linear 0-10VDC output for 32-122F
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2.14 STATUS SENSORS

A.  Status Inputs for Fans: Differential-pressure switch with pilot-duty rating and with adjustable
range of 0- to 5-inch wg.

B.  Status Inputs for Pumps: Differential-pressure switch with pilot-duty rating and with adjustable
pressure-differential range of 8 to 90 psig, piped across pump.

C.  Status Inputs for Electric Motors: Comply with ISA 50.00.01, current-sensing fixed- or split-
core transformers with self-powered transmitter, adjustable and suitable for 175 percent of rated
motor current.

D.  Voltage Transmitter (100- to 600-V ac): Comply with ISA 50.00.01, single-loop, self-powered
transmitter, adjustable, with suitable range and 1 percent full-scale accuracy.

E.  Power Monitor: 3-phase type with disconnect/shorting switch assembly, listed voltage and
current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, with
maximum 2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power factor.

F. Current Switches: Self-powered, solid-state with adjustable trip current, selected to match
current and system output requirements.

G.  Electronic Valve/Damper Position Indicator: Visual scale indicating percent of travel and 2- to
10-V dc, feedback signal.

H.  Water-Flow Switches: Bellows-actuated mercury or snap-acting type with pilot-duty rating,
stainless-steel or bronze paddle, with appropriate range and differential adjustment, in
NEMA 250, Type 4 enclosure.

2.15 THERMOSTATS

A.  Combination Thermostat and Fan Switches: Line-voltage thermostat with push-button or lever-
operated fan switch.

1. Label switches "FAN ON-OFF".
2. Mount on single electric switch box.

B. Electric, solid-state, microcomputer-based room thermostat with remote sensor.

Automatic switching from heating to cooling.

Preferential rate control to minimize overshoot and deviation from set point.

Set up for four separate temperatures per day.

Instant override of set point for continuous or timed period from 1 hour to 31 days.
Short-cycle protection.

Programming based on every day of week.

Selection features include degree F or degree C display, 12- or 24-hour clock, keyboard
disable, remote sensor, and fan on-auto.

Battery replacement without program loss.

9. Thermostat display features include the following:

a. Time of day.

b. Actual room temperature.

C. Programmed temperature.
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d. Programmed time.

Temperature Adjustment, +/- 3 deg F.

Duration of timed override.

Day of week.

System mode indications include "heating," "off,

SQ D

fan auto," and "fan on."
C.  Humidity Sensors (In combination with Temperature Sensors)

1. The sensor shall be a solid state type, relative humidity sensor of the All-Polymer Design.
The sensor element shall resist service contamination.

2. The humidity transmitter shall be equipped with non-interactive span and zero
adjustments, a 2-wire isolated loop powered, 4-20 mA, or 0-10vdc, 0-100% linear
proportional output.

3. Duct type sensing probes shall be constructed of 304 stainless steel, and shall be
equipped with a neoprene grommet, bushings, and a mounting bracket.

D. Low-Voltage, On-Off Thermostats: NEMA DC 3, 24-V, bimetal-operated, mercury-switch
type, with adjustable or fixed anticipation heater, concealed set-point adjustment, 55 to 85 deg F
set-point range, and 2 deg F maximum differential.

E.  Line-Voltage, On-Off Thermostats: Bimetal-actuated, open contact or bellows-actuated,
enclosed, shap-switch or equivalent solid-state type, with heat anticipator; listed for electrical
rating; with concealed set-point adjustment, 55 to 85 deg F set-point range, and 2 deg F
maximum differential.

1. Electric Heating Thermostats: Equip with off position on dial wired to break ungrounded
conductors.
2. Selector Switch: Integral, manual on-off-auto.

F. Remote-Bulb Thermostats: On-off or modulating type, liquid filled to compensate for changes
in ambient temperature; with copper capillary and bulb, unless otherwise indicated.

1. Bulbs in water lines with separate wells of same material as bulb.

2. Bulbs in air ducts with flanges and shields.

3. Averaging Elements: Copper tubing with either single- or multiple-unit elements,
extended to cover full width of duct or unit; adequately supported.

4, Scale settings and differential settings are clearly visible and adjustable from front of
instrument.

5. On-Off Thermostat: With precision snap switches and with electrical ratings required by
application.

6. Modulating Thermostats: Construct so complete potentiometer coil and wiper assembly
is removable for inspection or replacement without disturbing calibration of instrument.

G. Immersion Thermostat: Remote-bulb or bimetal rod-and-tube type, proportioning action with
adjustable throttling range and adjustable set point.

H.  Airstream Thermostats: Two-pipe, fully proportional, single-temperature type; with adjustable
set point in middle of range, adjustable throttling range, plug-in test fitting or permanent
pressure gage, remote bulb, bimetal rod and tube, or averaging element.

I Electric, Low-Limit Duct Thermostat: Shap-acting, single-pole, single-throw, manual- or

automatic- reset switch that trips if temperature sensed across any 12 inches of bulb length is
equal to or below set point.
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1. Bulb Length: Minimum 20 feet.
2. Quantity: One thermostat for every 20 sq. ft. of coil surface.

J. Electric, High-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, manual- or
automatic- reset switch that trips if temperature sensed across any 12 inches of bulb length is
equal to or above set point.

1. Bulb Length: Minimum 20 feet.
2. Quantity: One thermostat for every 20 sg. ft. of coil surface.

K.  Heating/Cooling Valve-Top Thermostats: Proportional acting for proportional flow, with
molded-rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at
minimum shutoff pressure of 25 psig, and cast housing with position indicator and adjusting
knob.

2.16 ACTUATORS

A.  Electric Motors: Size to operate with sufficient reserve power to provide smooth modulating
action or two-position action.

1. Comply with requirements in Division 23 Section "Motors."

2. Permanent Split-Capacitor or Shaded-Pole Type: Gear trains completely oil immersed
and sealed. Equip spring-return motors with integral spiral-spring mechanism in
housings designed for easy removal for service or adjustment of limit switches, auxiliary
switches, or feedback potentiometer.

3. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2: Size for running torque of
230 in. x Ibf and breakaway torque of 300 in. x Ibf.

4. Spring-Return Motors for Valves Larger Than NPS 2-1/2: Size for running and
breakaway torque of 230 in. x Ibf.

5. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running torque
of 230 in. x Ibf and breakaway torque of 300 in. x Ibf.

6. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running and
breakaway torque of 230 in. x Ibf.

B.  Electronic Actuators: Direct-coupled type designed for minimum 60,000 full-stroke cycles at
rated torque.

1. Valves: Size for torque required for valve close off at maximum pump differential
pressure.

2. Dampers: Size for running torque calculated as follows:

Parallel-Blade Damper with Edge Seals: 7 inch-1b/sq. ft. of damper.

Opposed-Blade Damper with Edge Seals: 5 inch-Ib/sq. ft. of damper.

Parallel-Blade Damper without Edge Seals: 4 inch-1b/sq. ft of damper.

Opposed-Blade Damper without Edge Seals: 3 inch-lb/sq. ft. of damper.

Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to 2500

fpm: Increase running torque by 1.5.

f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2500 to 3000
fpm: Increase running torque by 2.0.
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Coupling: V-bolt and V-shaped, toothed cradle.
4. Overload Protection: Electronic overload or digital rotation-sensing circuitry.
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5. Fail-Safe Operation: Mechanical, spring-return mechanism. Provide external, manual
gear release on nonspring-return actuators.
6. Power Requirements (Two-Position Spring Return): 24-V ac.
7. Power Requirements (Modulating): Maximum 10 VA at 24-V ac or 8 W at 24-V dc.
8. Proportional Signal: 2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback
signal.
9. Temperature Rating: Minus 22 to plus 122 deg F.
10.  Temperature Rating (Smoke Dampers): Minus 22 to plus 250 deg F.
11. Run Time: 12 seconds open, 5 seconds closed.

217 DAMPERS

A.  Dampers: AMCA-rated, parallel and opposed-blade design; 0.108-inch- minimum thick,
galvanized-steel or 0.125-inch- minimum thick, extruded-aluminum frames with holes for duct
mounting; damper blades shall not be less than 0.064-inch- thick galvanized steel with
maximum blade width of 8 inches and length of 48 inches.

1. Secure blades to 1/2-inch- diameter, zinc-plated axles using zinc-plated hardware, with
oil-impregnated sintered bronze or nylon blade bearings, blade-linkage hardware of zinc-
plated steel and brass, ends sealed against spring-stainless-steel blade bearings, and thrust
bearings at each end of every blade.

2. Operating Temperature Range: From minus 40 to plus 200 deg F.

3. Edge Seals, Standard Pressure Applications: Closed-cell neoprene.

B. Refer to Division 23 Section “Air Duct Accessories” for further information.

2.18 DUCT SMOKE DETECTORS
A.  The Electrical Contractor shall furnish duct smoke detectors where not provided integral to the
equipment. Mounting shall be by the Mechanical Contractor and wiring to the Fire alarm
System and Fan starter shall be by the Electrical Contractor. Wiring into the DDC system shall
be by the FMS contractor.
2.19 CONTROL CABLE

A.  Electronic and fiber-optic cables for control wiring are specified in Division 26 Section " Low
Voltage Electrical Power Conductors and Cables."

B.  Control and interlock wiring and installation shall comply with national and local electrical
codes, Division 26, and manufacturer's recommendations.

C. NEC Class 1 (line voltage) wiring shall be UL listed in approved raceway as specified by NEC
and Division 26.

D. Low-voltage wiring shall meet NEC Class 2 requirements. Sub-fuse low-voltage power circuits
as required to meet Class 2 current limit.

E. NEC Class 2 (current-limited) wires not in raceway but in concealed and accessible locations
such as return air plenums shall be UL listed for the intended application.
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PART 3 - EXECUTION

3.1 CONSTRUCTION WASTE MANAGEMENT (LEED)

A.  The contractor, subcontractors, and their personnel shall follow the procedures and practices for
waste separation, collection and transport as defined in the contractor’s “Waste Management
Plan” as required by Division 01 Section "Construction Waste Management."

3.2 EXAMINATION

A.  The project plans shall be thoroughly examined for control device and equipment locations.
Any discrepancies, conflicts, or omissions shall be reported to the Engineer for resolution
before rough-in work is started.

B.  The Contractor shall inspect the site to verify that equipment may be installed as shown. Any
discrepancies, conflicts, or omissions shall be reported to the Engineer for resolution before
rough-in work is started.

C.  The Contractor shall examine the drawings and specifications for other parts of the Work. If
head room or space conditions appear inadequate—or if any discrepancies occur between the
plans and the Contractor’s work, and the plans and the work of others—the Contractor shall
report these discrepancies to the Engineer and shall obtain written instructions for any changes
necessary to accommodate the Contractor’s work with the work of others. Any changes in the
work covered by this Specification made necessary by the failure or neglect of the Contractor to
report such discrepancies shall be made by—and at the expense of—this Contractor.

D. Contractor shall verify that power supply is available to control devices and is correct voltage
and phase prior to proceeding.

E.  Contractor shall verify that duct-, pipe-, and equipment-mounted devices are installed before
proceeding with installation.
3.3 PROTECTION OF WORK

A.  The Contractor shall protect all work and material from damage from its work or employees,
and shall be liable for all damages thus caused.

B.  The Contractor shall be responsible for its work and equipment until finally inspected, tested,
and accepted. The Contractor shall protect any material that is not immediately installed. The
Contractor shall close all open ends of work with temporary covers or plugs during storage and
construction to prevent entry of foreign objects.

3.4 INSTALLATION

A. Install all FMS equipment, sensors, etc., in accordance with the manufacturer’s written
instructions.

B. Install software in control units and operator workstation(s). Implement all features of
programs to specified requirements and as appropriate to sequence of operation.
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C.  Connect and configure equipment and software to achieve sequence of operation specified.

D.  Verify location of thermostats, humidistats, and other exposed control sensors with Drawings
and room details before installation. Install devices 48 inches above the floor.

1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.
E. Install guards on thermostats in the following locations:
1. Entrances.

2. Public areas.
3. Where indicated.

F. Install automatic dampers according to Division 23 Section "Duct Accessories."

G. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor
temperatures.

H.  Install labels and nameplates to identify control components according to Division 23 Section

"Mechanical Identification."”

I Install hydronic instrument wells, valves, and other accessories according to Division 23
Section "Hydronic Piping."

J. Install duct volume-control dampers according to Division 23 Sections specifying air ducts.
K.  Install electronic and fiber-optic cables according to Division 26 Section "Low Voltage
Electrical Power Conductors and Cables."
35 PENETRATIONS
A.  Provide fire stopping for all penetrations used by dedicated FMS conduits and raceways.

B.  All openings in fire proofed or fire stopped components shall be closed by using approved fire
resistive sealant.

C.  All wiring passing through penetrations, including walls shall be in conduit or enclosed
raceway.

D.  Penetrations of floor slabs shall be by core drilling. All penetrations shall be plumb, true, and
square.

3.6 INSTALLATION OF SENSORS
A. Install sensors in accordance with the manufacturer’s recommendations.
B.  Mount sensors rigidly and adequately for the environment within which the sensor operates.

C.  Room temperature sensors shall be installed on concealed junction boxes properly supported.
Additionally, the wiring to the sensor shall not be required to be polarity sensitive. The design
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of the sensor shall be modular, which allows for the rough-in of all wiring without the presence
of the electronics or esthetic covering.

D.  All wires attached to sensors shall be air sealed in their raceways or in the wall to stop air
transmitted from other areas affecting sensor readings.

E.  Sensors used in mixing plenums and in hot and cold decks shall be of the averaging type.
Averaging sensors shall be installed in a serpentine manner vertically across the duct. Each
bend shall be supported with a capillary clip.

F. Low-limit sensors used in mixing plenums shall be installed in a serpentine manner horizontally
across duct. Each bend shall be supported with a capillary clip. Provide 1 ft of sensing element
for each square ft of coil area.

G.  All pipe-mounted temperature sensors shall be installed in wells. Install all liquid temperature
sensors with heat-conducting fluid in thermal wells.

H.  Install outdoor air temperature sensors on the north wall, complete with sun shield at designated
location.
3.7 ELECTRICAL WIRING AND CONNECTION INSTALLATION

A. Install equipment, piping, and wiring raceway parallel to the building lines (i.e., horizontal,
vertical, and parallel to walls) wherever possible.

B. Provide sufficient slack and flexible connections to allow for vibration of piping and equipment.

C. Install all equipment in readily accessible locations as defined by Chapter 1, Article 100, Part A
of the National Electric Code (NEC).

D. Install raceways, boxes, and cabinets according to Division 26 Section "Raceways and Boxes."
E. Install building wire and cable according to Division 26 Section "Conductors and Cables."
F. Install signal and communication cable according to Division 26 Section "Low Voltage

Electrical Power Conductors and Cables."

1. Conceal cable, except in mechanical rooms and areas where other conduit and piping are

exposed.
2. Install exposed cable in raceway.
3. Install concealed cable in raceway.

4, Bundle and harness multiconductor instrument cable in place of single cables where
several cables follow a common path.

5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against
abrasion. Tie and support conductors.

6. Number-code or color-code conductors for future identification and service of control
system, except local individual room control cables.

7. Install wire and cable with sufficient slack and flexible connections to allow for vibration
of piping and equipment.

G. Connect manual-reset limit controls independent of manual-control switch positions.
Automatic duct heater resets may be connected in interlock circuit of power controllers.
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H.  Connect hand-off-auto selector switches to override automatic interlock controls when switch is
in hand position.

3.8 FLOW SWITCH INSTALLATION

A.  Use correct paddle for pipe diameter.

B.  Adjust flow switch in accordance with manufacturer’s instructions.

3.9 ACTUATORS
A.  Mount and link control damper actuators per manufacturer’s instructions.

B.  Check operation of damper and actuator combination to confirm that actuator modulates damper
smoothly throughout stroke to both open and closed positions.

C.  Provide all mounting hardware and linkages for actuator installation.
D.  Electric and electronic actuators:

1. Dampers: Actuators shall be direct-mounted on damper shaft or jackshaft unless shown
as a linkage installation. Actuators shall be mounted following manufacturer’s
recommendations.

2. Valves: Actuators shall be connected to valves with adapters approved by the actuator
manufacturer. Actuators and adapters shall be mounted following the actuator
manufacturer's recommendations.

3.10 CONTROLLERS

A. Provide new controllers, as required, to accommodate new controls points and HVAC
equipment.

B.  Provide interface as required for equipment supplied controllers in order to have full read-write
capability from the FMS.

3.11 PROGRAMMING

A.  Provide sufficient internal memory for the specified sequences of operation and trend logging.
There shall be a minimum of 25 percent of available memory free for future use.

B.  Point naming and point value: System point names and values shall be of sufficient size to allow
flexibility in design, allowing easy operator interface without the use of a written point index or
cryptic alphanumeric shorthand.

1. Point ID is used to designate the location of the point within the building, such as
mechanical room, wing, or level, or the building itself in a multi-building environment.
Point ID shall be a minimum of 40 characters in length.

Point descriptors shall be a minimum of 132 characters.

3. Point states shall be a minimum of 8 characters in length.

N
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4. Point engineering units shall be a minimum of 6 characters in length.
5. Point values shall be a minimum of 15 characters in length with a variable decimal point.

C.  Software programming:

1. Provide programming for the system and adhere to the sequences of operation provided.
Imbed into the control program sufficient comment statements to clearly describe each
section of the program.

2. Graphic-based:

a. Shall provide actions for all possible situations.
b. Shall be documented in the form of a logic flowchart.

3. Text based:
a. Shall provide actions for all possible situations.
b. Shall be modular and structured.
C. Shall be commented.

4, Parameter-based:
a. Shall provide actions for all possible situations.
b. Shall be documented.

D.  Operator interface:

1. Standard graphics: Provide graphics for all mechanical systems and floor plans of the
building. This includes each chilled water system, hot water system, chiller, boiler, and
all terminal equipment. Point information on the graphic displays shall dynamically
update. Show on each graphic all input and output points for the system. Also show
relevant calculated points such as set points.

2. Show terminal equipment information on a "graphic" summary table. Provide dynamic
information for each point shown.

3. The contractor shall provide all the labor necessary to install, initialize, start up, and
troubleshoot all operator interface software and their functions as described in this
section. This includes any operating system software, the operator interface database, and
any third-party software installation and integration required for successful operation of
the operator interface.

3.12 FIELD QUALITY CONTROL

A.  Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect, test, and adjust field-assembled components and equipment installation, including
connections, and to assist in field testing. Report results in writing.

B.  Perform the following field tests and inspections and prepare test reports; test reports shall
include a log showing the date, technician's initials, and any corrective action taken or needed:

1. Operational Test: After electrical circuitry has been energized, start units to confirm
proper unit operation. Remove and replace malfunctioning units and retest. Insure all
normal and fail-safe positions are correct.

2. Test and adjust controls and safeties.

a. Check each alarm separately by including an appropriate signal at a value that will
trip the alarm.

b. Interlocks shall be tripped using field contacts to check the logic, as well as to
ensure that the fail-safe condition for all actuators is in the proper direction.
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3.13

C. Interlock actions shall be tested by simulating alarm conditions to check the
initiating value of the variable and interlock action.

3. Test each point through its full operating range to verify that safety and operating control
set points are as required.

4. Test each control loop to verify stable mode of operation and compliance with sequence
of operation. Adjust PID actions.

5. Test each system for compliance with sequence of operation.

6. Test software and hardware interlocks.

DDC Verification:

1. Verify that instruments are installed before calibration, testing, and loop or leak checks.

2. Check instruments for proper location and accessibility.

3. Check instrument installation for direction of flow, elevation, orientation, insertion depth,
and other applicable considerations.

4, Check instrument tubing for proper fittings, slope, material, and support.

5. Check installation of air supply for each instrument.

6. Check flow instruments. Inspect tag humber and line and bore size, and verify that inlet
side is identified and that meters are installed correctly.

7. Check pressure instruments, piping slope, installation of valve manifold, and self-
contained pressure regulators.

8. Check temperature instruments and material and length of sensing elements.

9. Check control valves. Verify that they are in correct direction.

10. Check air-operated dampers. Verify that pressure gages are provided and that proper
blade alignment, either parallel or opposed, has been provided.

11. Check DDC system as follows:

a. Verify that DDC controller power supply is from emergency power supply, if
applicable.

b. Verify that wires at control panels are tagged with their service designation and
approved tagging system.

C. Verify that spare 1/0 capacity has been provided.

d. Verify that DDC controllers are protected from power supply surges.

Replace damaged or malfunctioning controls and equipment and repeat testing procedures.

ADJUSTING

Calibrating and Adjusting:

1.
2.

3.

Calibrate instruments.

Make three-point calibration test for both linearity and accuracy for each analog
instrument.

Calibrate equipment and procedures using manufacturer's written recommendations and
instruction manuals. Use test equipment with accuracy at least double that of instrument
being calibrated.

Control System Inputs and Outputs:

a. Check analog inputs at 0, 50, and 100 percent of span.
b. Check analog outputs using milliampere meter at 0, 50, and 100 percent output.
C. Check digital inputs using jumper wire.
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d. Check digital outputs using ohmmeter to test for contact making or breaking.
e. Check resistance temperature inputs at 0, 50, and 100 percent of span using a
precision-resistant source.

5. Flow:

a. Set differential pressure flow transmitters for 0 and 100 percent values with 3-point
calibration accomplished at 50, 90, and 100 percent of span.
b. Manually operate flow switches to verify that they make or break contact.

6. Pressure:

a. Calibrate pressure transmitters at 0, 50, and 100 percent of span.
b. Calibrate pressure switches to make or break contacts, with adjustable differential
set at minimum.

7. Temperature:

a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of span
using a precision-resistance source.
b. Calibrate temperature switches to make or break contacts.

8. Stroke and adjust control valves and dampers without positioners, following the
manufacturer's recommended procedure, so that valve or damper is 100 percent open and
closed.

9. Stroke and adjust control valves and dampers with positioners, following manufacturer's
recommended procedure, so that valve and damper is 0, 50, and 100 percent closed.

10. Provide diagnostic and test instruments for calibration and adjustment of system.

11. Provide written description of procedures and equipment for calibrating each type of
instrument. Submit procedures review and approval before initiating startup procedures.

B.  Adjust initial temperature and humidity set points.

C.  Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
three visits to Project during other than normal occupancy hours for this purpose.

3.14 CLEANING

A.  The Contractor shall clean up all debris resulting from its activities daily. The Contractor shall
remove all cartons, containers, and crates under its control as soon as their contents have been
removed. Waste shall be collected and placed in a designated location.

B. At the completion of work in any area, the Contractor shall clean all of its work and equipment,
keeping it free from dust, dirt, and debris.

C.  Atthe completion of work, all equipment furnished under this Section shall be checked for paint
damage, and any factory-finished paint that has been damaged shall be repaired to match the
adjacent areas. Any cabinet or enclosure that has been deformed shall be replaced with new
material and repainted to match the adjacent areas.
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3.15 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain HVAC instrumentation and controls. Training for HVAC

Controls shall be included for a total of 16 hours; (4) 4-hour sessions. Refer to Division 1
Section "Demonstration and Training."

END OF SECTION 230900
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