
 

 
BID # WMC24-02   ADDENDUM NUMBER 03 

REQUEST FOR BIDS FOR: 
Berlin MEP Upgrades   

at White Mountains Community College 
2020 Riverside Drive, Berlin NH 03570   

A component of the Community College System of New Hampshire 
26 College Drive, Concord, NH 03301 

September 3, 2024 
 
TO: ALL CONTRACT BIDDERS OF RECORD 
This Addendum forms a part of the Contract Documents and modifies the Request for Bids  
dated August 5, 2024, with amendments and additions noted below. This Addendum consists of a total 
of One Hundred Fifty (150) pages, which includes 10 drawing pages within the 145 pages. 
 
CLARIFICATIONS TO THE REQUEST FOR PROPOSAL:   NEW BID DATE:  – September 12th, 2024 at 2pm. 
Revised Scope of Services: 

1. Remove RTU-3 from scope of services 
2. Remove on Yeaton Associates drawings Air Conditioning upgrades, sheets M1.1, M1.2, M1.3, 

and E-1.1. 
3. Addendum 3 controls specifications for Berlin MEP Upgrades. One is a revision to the existing 

controls specification see Section 230923 attached, and the other is in addition to provide 
supporting information, see Section 230900 attached. 

4. Markup drawings are attached with the re-selected rooftop unit model numbers edited on M-
100 and Submittal D 

5. Replace Bid Proposal Form with the attached Bid Proposal Form. 
 
Acknowledge receipt of this Addendum with the Proposal Form. Failure to do so may disqualify the 
Bidder. 
NOTE: IN THE EVENT THAT YOUR BID HAS BEEN SENT TO THIS OFFICE PRIOR TO RECEIVING THIS 
ADDENDUM, RETURN THE ADDENDUM WITHIN THE SPECIFIED TIME WITH ANY CHANGES YOU MAY 
WISH TO MAKE AND MARK ON THE REMITTANCE ENVELOPE BID INVITATION NUMBER AND OPENING 
DATE. RETURNED ADDENDA WILL SUPERSEDE PREVIOUSLY SUBMITTED BID. 
Bidder___________________________________________________________________________ 
 
By______________________________________________________________Date_____________ 

(This Document Must Be Signed) 
 
Name____________________________________________________________________________ 

(Please Print or Type Name) 

Matthew Moore, P.E. 
Director of Capitol Planning & Development 
Community College System of New Hampshire 
26 College Drive, Concord, N.H. 0330 
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SECTION 230900 – INSTRUMENTATION AND CONTROL FOR MECHANICAL SYSTEMS 

PART 1 - GENERAL 

1.1 SECTION INCLUDES 

A. Direct Digital Control (DDC) equipment. 

B. Software. 

C. Installation. 

D. Mechanical Commissioning. 

1.2 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION 

A. Piping: 
1. Control Valves – piping connections. 
2. Temperature Sensor Wells and Sockets. 
3. Pressure Sensors and Switches. 
4. Flow Switches. 
5. Flow Meters. 

B. Ductwork: 
1. Access Doors. 
2. Airflow Measuring Stations. 
3. Dampers - ductwork connections. 

1.3 PRODUCTS FURNISHED UNDER OTHER SECTIONS 

A. Controllers furnished with some Plumbing equipment (Division 22). 

B. Controllers furnished with some HVAC equipment (Division 23). 

C. Monitoring devices furnished with some Electrical equipment (Division 26). 

1.4 RELATED SECTIONS 

A. Division 01 Section “General Commissioning Requirements.” 

B. Division 01 Section “Testing, Adjusting, and Balancing for HVAC.” 

C. Division 08 Section “Access Doors and Frames.” 

D. Division 23 Section “Common Work Results for HVAC.” 

E. Division 23 Section “Common Motor Requirements for HVAC Equipment.”  
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1.5 REFERENCES 

A. U.S. Department of Justice – 2010 ADA Standards for Accessible Design. 

B. ASME MC85.1 - Terminology for Automatic Control. 

C. NEMA EMC1 - Energy Management Systems Definitions. 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

E. NFPA 70 - National Electrical Code. 

F. NFPA 90A - Installation of Air Conditioning and Ventilation Systems. 

1.6 SYSTEM DESCRIPTION 

A. A fully integrated Automatic Temperature Control (ATC) Building Management and Control 
System incorporating Direct Digital Control (DDC), energy management, equipment 
monitoring, and control consisting of the following: 
1. Microcomputer-based equipment controllers interfacing directly with sensors, actuators 

and environmental delivery systems. 
2. Electric controls and mechanical devices for items indicated on Drawings and described 

hereinafter including dampers, valves, and motor drives. 
3. Microcomputer-based terminal controllers interfacing with sensors, actuators, and 

terminal equipment control devices. 

B. Submittals, data entry, electrical installation, programming, start up, test and validation, 
instruction of Owner's representative on maintenance and operation, as built documentation, 
and system warranty. 

C. System Summary: 
1. The intent of this project is to provide an ATC system with electric actuators. 
2. For existing pneumatically controlled equipment which is to remain and which requires 

temporary removal, modifications or relocation, provide pneumatic tubing and associated 
controls as required to return equipment to its original operating conditions. 

3. Items which according to the Sequence of Operations are designated to be controlled by 
a thermostat, such as Cabinet unit heaters, unit heaters, terminal heating units, and the 
like, shall be viewable at the DDC system, but are not required to have the ability to 
modify setpoints via remote access to the DDC system.  At the Contractor’s option, they 
may have full DDC control. 

4. Makeup air units, rooftop HVAC units, and terminal heating units which are designated 
to be controlled by a temperature sensor shall be interfaced with the DDC system, such 
that monitoring and setpoint adjustment shall be accomplished through the graphical user 
interface at the operator workstation. 

D. Note:  The terms “BMS”, “ATC”, and “DDC” are used somewhat interchangeably throughout 
this Section. 

1.7 DEFINITIONS 

A. Note:  The terms ATC, BAS, and DDC may be used interchangeably in this Section and on the 
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Drawings, to indicate the overall control system. 

B. Definitions: 
1. ATC:  Automatic temperature control. 
2. BACnet:  A control network technology platform for designing and implementing 

interoperable control devices and networks. 
3. BAS:  Building Automation System. 
4. DDC:  Direct digital control. 
5. I/O:  Input/output. 
6. MS/TP:  Master slave/token passing. 
7. PC:  Personal computer. 
8. PID:  Proportional plus integral plus derivative. 
9. RTD:  Resistance temperature detector. 

1.8 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. 
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: 
a. Water Temperature:  Plus or minus 1 deg F (0.5 deg C). 
b. Water Flow:  Plus or minus 5 percent of full scale. 
c. Water Pressure:  Plus or minus 2 percent of full scale. 
d. Space Temperature:  Plus or minus 1 deg F (0.5 deg C). 
e. Ducted Air Temperature:  Plus or minus 1 deg F (0.5 deg C). 
f. Outside Air Temperature:  Plus or minus 2 deg F (1.0 deg C). 
g. Dew Point Temperature:  Plus or minus 3 deg F (1.5 deg C). 
h. Temperature Differential:  Plus or minus 0.25 deg F (0.15 deg C). 
i. Relative Humidity:  Plus or minus 5 percent. 
j. Electrical:  Plus or minus 5 percent of reading. 

1.9 SUBMITTALS 

A. Submit in accordance with Division 01 Section “Submittal Procedures.” 

B. Qualification Data:  For Installer and manufacturer. 

C. Product Data:  Include manufacturer's technical literature for each control device.  Indicate 
dimensions, capacities, performance characteristics, electrical characteristics, finishes for 
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materials, and installation and startup instructions for each type of product indicated. 
1. Hardware:  Bill of materials of equipment indicating quantity, manufacturer, and model 

number.  Include technical data for control units, transducers/transmitters, sensors, 
actuators, valves, relays/switches, control panels, and operator interface equipment. 

2. 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. 

D. 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 number. 
2. Schematic flow diagrams showing fans, coils, dampers, valves, and control devices. 
3. Wiring Diagrams:  Power, signal, and control wiring. 
4. Details of control panel faces, including controls, instruments, and labeling. 
5. Written description of sequence of operation. 
6. Schedule of dampers including size, leakage, and flow characteristics. 
7. Schedule of valves including size and flow characteristics. 
8. 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 units. 
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. 

E. Data Communications Protocol Certificates:  Certify that each proposed DDC system 
component complies with the open protocol standard compatible with the Owner’s existing 
Delta system, ASHRAE Standard 135 (BACnet). 

F. Software and Firmware Operational Documentation:  Include the following: 
1. Software operating and upgrade manuals. 
2. Program Software Backup:  On a magnetic media or CD, complete with data files. 
3. Device address list. 
4. Printout of software application and graphic screens. Sample graphic screens are 

included in Appendix A of this specification section. Graphics must match the sample 
graphics screens to the greatest extent possible. 

G. Field quality-control test reports. 

H. Operation and Maintenance Data. 

1.10 OPERATION AND MAINTENANCE DATA 

A. Submit under provisions of Division 01 Section “Operation and Maintenance Data.” 
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B. For mechanical instrumentation and control system to include in emergency, operation, and 
maintenance manuals. 

C. In addition to items specified in Division 01, include the following: 
1. Maintenance instructions and lists of spare parts for each type of control device. 
2. Exploded assembly views. 
3. Interconnection wiring diagrams with identified and numbered system components and 

devices. 
4. Inspection period, cleaning methods, cleaning materials recommended, and calibration 

tolerances. 
5. Calibration records and list of set points. 

D. Manuals:  Provide the following: 
1. An Operator's Manual with graphic explanations of keyboard use for operator functions 

specified under Operator Training. 
2. Computerized printouts of equipment controller’s data file construction including point 

processing assignments, physical terminal relationships, scales and offsets, command and 
alarm limits, and others as applicable. 

3. A manual including revised as-built documents of materials required under the paragraph 
"SUBMITTALS" in this Specification Section. 

4. Provide the quantity of manuals specified in Division 01, and at least 2 Operator’s 
Manuals and 2 As-Built Manuals to the Owner.  Refer to other Sections of the 
Specifications for project requirements for quantities of documentation. 

1.11 CODES AND APPROVALS 

A. The complete temperature control installation shall be in strict accordance to the national and 
local electrical codes and the electrical Division of these Specifications.  Devices designed for 
or used in line voltage applications shall be UL listed.  Microprocessor based remote and 
central devices shall be UL916 Listed. 

B. Electronic equipment shall conform to the requirements of FCC regulation Part 15, Section 15 
governing radio frequency electromagnetic interference and be so labeled. 

1.12 QUALITY ASSURANCE 

A. Installer Qualifications:  Automatic control system manufacturer's authorized representative 
who is trained and approved for installation of system components required for this Project. 

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

C. Comply with ASHRAE Standard 135 (BACnet) for DDC system components. 

1.13 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, protect and handle products to site under provisions of Division 01 Section 
“Project Requirements.” 

B. Factory-Mounted Components:  Where control devices specified in this Section are indicated 
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to be factory mounted on equipment, provide shipping of control devices to equipment 
manufacturer, in a timely manner coordinated with the equipment manufacturer. 

C. Components to be Installed under Other Sections:  For components to be installed under other 
Sections of the Specifications, provide delivery of components to appropriate Subcontractors, 
provide installation instructions, and supervise their installation. 

1.14 COORDINATION 

A. Coordinate location of thermostats and other exposed control sensors with Contract Drawings 
before installation. 

B. Coordinate equipment with Division 26 and existing fire alarm system to achieve compatibility 
with equipment that interfaces with that system. 

C. Coordinate line-voltage power supplies with Division 26. 

1.15 WARRANTY 

A. Components, system software, parts, and assemblies furnished under this Section shall be 
guaranteed against defects in materials and workmanship for 1 year from acceptance date. 

B. Labor to troubleshoot, repair, reprogram, or replace system components shall be provided at no 
charge to the Owner during the warranty period. 

C. Corrective software modifications made during warranty service periods shall be updated on 
user documentation and on user and manufacturer archived software disks. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE SUPPLIERS 

A. Acceptable Manufacturers and Installers: 
1. Automated Logic Corp., WebCTRL Series, installed by Trident Controls Inc., 187 Gray 

Road, Unit A, Cumberland, ME  04021. 
2. Honeywell Controls, installed by Honeywell Inc., 501 County Road, Westbrook, ME 

04092. 
3. Honeywell Controls, installed by Honeywell Inc., 70 Wells Ave., Newton Highlands, 

MA  02459. 
4. Honeywell Controls, installed by Honeywell Inc., 500 Narragansett Pk. Dr., Pawtucket, 

RI  02861. 
5. Honeywell Controls, installed by Honeywell Inc., 30 Cold Spring Rd., Rocky Hill, CT   

06033. 
6. Siemens, Staefa Control Systems, Talon Series, installed by Siemens Building 

Technologies, Inc., 66 Mussey Road, Scarborough, ME  04074. 
7. Siemens, Staefa Control Systems, Talon Series, installed by Siemens Building 

Technologies, Inc., 11 Court St., Exeter, NH  03833. 
8. TAC, I/A Series, installed by Maine Controls, 400 Presumpscot Street, Portland, ME  

04103. 
9. TAC, I/A Series, installed by Control Technologies, New Hampshire Office, 70 Zachary 
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Road, Manchester, NH  03109. 
10. TAC, I/A Series, installed by Control Technologies, Massachusetts Office, 500 West 

Cummings Park, Suite 1050, Woburn, MA  01801. 
11. TAC, I/A Series, installed by Control Technologies, New York Office, 3500 Sunrise 

Highway, Suite T209, Great River, NY  11739. 
12. TAC, I/A Series, installed by Control Technologies, Vermont Office, 121 Park Avenue, 

Suite 10, Williston, VT  05495. 
13. Tridium Niagara N4, installed by Alliance Group Services, Vermont Office, 6 David 

Drive, Essex Junction, VT 05452. 
14. No Substitutions. 

 

B. The Temperature Control Contractor (or Subcontractor) shall hereinafter be referred to as the 
ATC Contractor. 

2.2 SYSTEM REQUIREMENT 

A. Provide complete direct digital and electronic control system consisting of temperature sensors, 
thermostats, control valves, dampers, operators, indicating devices, interface equipment, and 
other apparatus required to operate mechanical system and to perform functions specified.  
Provide controls for the following: 

 
1. Air conditioning systems. 
2. Boilers, furnaces, and fuel-fired equipment. 
3. Control dampers and valves. 
4. Cooling and heating terminal units. 
5. Exhaust, return, and supply fans. 
6. Filter pressure drops. 
7. Heat pump systems. 
8. Electrical demand management. 
9. Electrical system monitoring. 
10. Fire alarm system interfaces. 
11. Lighting control system interfaces. 
12. Graphical workstation. 
13. Provide hardware and software required for remote monitoring of the ATC system 

through modem or ethernet interface. Remote monitoring must tie into the school-
system-wide interface and must match existing graphics and capabilities for other 
campuses that are part of the school-system-wide interface. 

2.3 DATA INPUTS AND OUTPUTS 

A. Input/output sensors and devices shall be closely matched to the requirements of the remote 
panel for accurate, responsive, noise-free signal input/output.  Control input response shall be 
high-sensitivity and matched to the loop gain requirements for precise and responsive control. 

B. Duct temperature sensors shall be rigid stem or averaging type as required.  Provide water 
sensors with a separable copper, monel or stainless-steel well. 

C. Control relays and analog output transducers shall be compatible with equipment controllers 
output signals.  Relays shall be suitable for the loads encountered.  Analog output transducers 
shall be designed for precision closed loop control with pneumatic repeatability error no 
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greater than 1/2 percent.  

D. Data inputs and outputs shall be compatible with variable frequency drives; see Division 23 
Section “Common Motor Requirements for HVAC Equipment.” 

2.4 TEMPERATURE CONTROL CENTRAL HARDWARE  

A. Operator Workstations:  Operator workstation shall meet the following minimum criteria: 
1. Operator workstation shall be Acer, Dell, Hewlett Packard, or IBM/Lenovo.  No 

substitutions. 
2. Form Factor:  Tower. 
3. Operating System:  MS Windows 10 Professional operating system.  Windows older 

versions are not allowed.  (Operating systems that provide only foreground/background 
operation, or are based on concurrent DOS, are unacceptable and will be rejected.) 

4. Processor:  8th Generation Intel Core i5, 6-core, 3 GHz base frequency, 6 MB cache. 
5. RAM:  The system shall come standard with at least 256K RAM disk cache and 4 

gigabytes of system RAM.  Provide 4 DIMM slots with capacity for up to 16 GB. 
6. High Resolution Color Monitor:  Provide with a 19-inch (482 mm) LCD flat panel 0.29 

dot pitch Super VGA (1280 X 1024 resolution @ 60, 75 Hz) color monitor and driver. 
7. Video Card:  256 megabyte of video RAM, dual-monitor capability, Blu-ray disc 

compatibility. 
8. Hard Drives:  2 drives, at least 2 TB capacity each for optical drives, 256 GB capacity 

each for solid state drives. 
9. CD-DVD +/- RW Drive:  Read/write 48xCD/16xDVD drive, with CD creator software. 
10. Multi -Card Reader:  Integral to the workstation, with slots for SD, MiniSD, MicroSD, 

and Memory Stick Pro memory cards. 
11. Mouse and Keyboard:  High quality bus or serial mouse with at least 3 buttons and scroll 

wheel.  104-key keyboard.  Either mouse or keyboard shall be able to be utilized 
interchangeably for operator interface. 

12. Modem:  Phone/fax modem, where required for remote access to the ATC system. 
13. Ethernet Interface:  10/100 speed.  Compatible with the Owner’s network, as well as 

control system network.  Refer to Division 27 for Owner’s network requirements. 
14. Wireless network card, internal to the workstation, with external antenna.  Compatible 

with the Owner’s wireless network.  Refer to Division 27 for Owner’s network 
requirements. 

15. USB Ports:  8 total, at least 2 front, remainder back.  At least 1 front and 1 back shall be 
USB 3.1; remainder shall be USB 2.0. 

16. Fire-Wire Ports:  IEEE 1394 interface standard.  At least 1 each of IEEE 1394a and IEEE 
1394b, front or rear. 

17. Printer:  Color, ink-jet type as follows: 
a. Print Head:  4800 x 1200 dpi optimized color resolution. 
b. Paper Handling:  Minimum of 100 sheets. 
c. Print Speed:  Minimum of 17 ppm in black and 12 ppm in color. 

18. Accessories:  Provide interconnecting cables and other accessories as required. 
19. Security Software:  Install anti-virus, anti-spyware, and firewall software provided by the 

Owner.  Contact the Owner for requirements. 

B. Equipment controllers shall be 16 bit microprocessor based with EPROM operating system 
(O.S.).  ATC programs and data files shall be non-volatile EEPROM or flash memory to allow 
simple additions and changes.  Each equipment controller shall have an on-board real-time 
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clock with battery backup of a minimum of 30 days. 
1. Equipment controllers shall be provided where indicated or specified with capacity to 

accommodate input/output (I/O) points required for the application plus spare points 
specified. These panels shall be configured with analog and digital inputs and outputs, 
and pulse counting totalizers and such that the primary input, the output and control logic 
shall be resident in a single microprocessor to provide network independent stand-alone 
closed loop ATC. 

2. Panel electronics shall be installed in suitable enclosures.  Equipment room panels shall 
have hinged doors and shall also contain the load relays, transducers, and associated 
equipment. 

C. Terminal Equipment Controllers shall be EEPROM based and modularity expandable to 
accommodate additional points if required for future functional changes or enhancements, and 
with I/O selected for the application plus specified spares.  Terminal controllers shall be 
capable of processing sensor signals of the applications specified, and shall have capability to 
drive digital (on-off), pulse width modulation, and true analog (0-10V) outputs.  Terminal 
Controller enclosures shall be compact, finished steel to fit within or on terminal equipment.  
Each terminal controller shall have complete standalone capability. 

2.5 OPERATOR STATION SOFTWARE 

A. Operator Station (OS) software shall include as a minimum the Operating System, Data Base 
Manager, Communications Control, Operator Interface , Trend and History Files, Report 
Generator, and Support Utilities. 
1. Real time operating system shall be true multi-tasking providing concurrent execution of 

multiple real time programs and custom program development. 
2. Data Base manager is to manage data on an integrated and non-redundant basis.  It shall 

allow additions and deletions to the data base without any detriment to the existing data. 

B. Operator Interface Software: 
1. Operator access to the system is to be under personal ID and password control for up to 

100 unique operators. 
2. Up to 100 frequently addressed system points shall be definable as "quick access" points.  

Each points user address, descriptor, and value/status shall be displayed. 
3. Points (physical and pseudo) shall be displayed with dynamic data provided by the 

system with appropriate text descriptors, status or value, and engineering unit.  Points 
shall be dynamic and shall continuously update anytime their field status/value changes. 

4. An on-line context-sensitive help utility shall be provided to facilitate operator training 
and understanding. 

5. Electronic messaging facility shall be provided on the operator station for any operator to 
enter a message to another operator. 

C. Site Specific Customizing Software: 
1. Provide software which will allow the user to modify and tailor the temperature control 

to the specific and unique requirements of the equipment installed, the programs 
implemented, and to staffing and operational practices. 

2. Point alarms shall be user-classifiable as critical or non-critical. Critical alarms shall be 
displayed in a dialog box of the color monitor.   Display shall include time and date of 
occurrence, indication of alarm condition, analog value or status, user address, and alarm 
message. 

3. A discrete per point detailed alarm-action taking message of up to 480 characters shall be 
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available for each point. 
4. Alarms shall be directed to the user selected alarm printer. 
5. Non-critical alarms shall only output to the printer and OS disk in order of occurrence. 
6. Run time limit messages shall be presented and processed as alarm messages except the 

action message shall be of a maintenance directive nature. 

D. Dynamic trends shall provide for each OS of up to eight user selected points to show real time 
activity of the associated points.  This information shall be printed and/or displayed in numeric, 
bar chart, curve plot, pie chart, and other formats, as selected by the operator. 

E. Standard Reports Shall Be Provided Which Shall Be Output onto the Selected Report Printer.  
The Following Standard Pre-formatted Reports Shall Be Provided: 
1. The user shall be provided with a command trace feature selectable on a per point basis 

allowing the archiving of commands issued to each point. 
2. A custom report capability shall be provided to allow the user to format reports of any 

mix of text, points with status/value and descriptors, and points with status/value only. 
3. Alarm history.  The last 4000 alarm events shall be disk archived.  Viewing or printing 

shall be by entering a date range (from-to). 
4. Operator activity.  Operator activity shall be archived.  Viewing or printing shall be by 

entering a desired date range. 
5. Trend reports shall allow the operator to randomly select point archival.  Equipment 

controllers trend points (hardware and software) shall be assignable to PC archive files 
for display at user selectable intervals of 10 seconds to 24 hours. 

F. Equipment controllers shall be up-line or down-line loadable to or from the OS disk for backup 
archival. 

G. Provide software to execute and observe diagnostics of any remote device connected to the 
peer bus and the ability to deactivate and restart the device. 

H. In addition, a word processing utility, graphics package, and spreadsheet shall be available for 
generic use.  The base system software shall include a CRT "windowing" feature to allow the 
operator to monitor the real time system and use third party software simultaneously. 

2.6 GRAPHIC PROGRAMMING 

A. Graphic Programming.  Provide hardware and software required for complete equipment 
controllers ATC programming of plant programs including plant system schematic 
development, I/O hardware point definition, hardware and software text point descriptors, ATC 
algorithmic development, a controller software loading utility, and a live programming test 
facility.  At a minimum, the following shall be provided in the graphics package: 
1. Boilers - control and status. 
2. Heating water pump - control and status. 
3. Heat recovery pump - control and status 
4. Exhaust fans- control and status 
5. Floor plans showing temperature sensors - control and status. 
6. Air handling units, makeup air units, rooftop HVAC units and associated pumps, fans, 

dampers - control and status. 

B. Provide a Boolean logic switching table matrix module for building ON-OFF commands from 
combinations of and or functions. 



WHITE MOUNTAIN COMMUNITY COLLEGE 
BERLIN MECHANICAL AND ELECTRICAL UPGRADES 
ADDENDUM 3 – 9/3/2024 

 
INSTRUMENTATION AND CONTROL FOR MECHANICAL SYSTEMS  230900 - 11 

C. Provide a program testing utility which allows live and dynamic monitoring of the graphically 
displayed control programs provided. 

D. In addition to training specified elsewhere in this Specification, provide 4 days of additional 
programming training, at a minimum of 4 hours training per day.  These 4 days of additional 
training shall be provided during the 1 year warranty period.  They are intended for use by the 
Owner as questions regarding system operation arise.  Coordinate with the Owner. 

E. Provide 2 sets of programmer’s manuals. 

2.7 CONTROLLER SOFTWARE 

A. Energy Management application programs and associated data files shall be in non-volatile 
memory. 
1. Optimum Start shall delay equipment start-up based on global outdoor temperature, 

space temperature, and system response to assure that comfort conditions are reached at 
scheduled occupancy. The optimum start program shall operate fully stand-alone in the 
local equipment controllers. 

2. A load reset program shall be provided to assure that only the minimum amount of 
heating, cooling, and electrical energy is supplied to satisfy zone temperature 
requirements. 

B. Control Software: 
1. Each equipment controllers shall contain up to 20 unique user modifiable time programs. 
2. Control Application Software shall be customized strictly to meet the detailed 

requirements of the "Sequence of Operation" specified hereinafter.  Equipment 
controllers and terminal controllers shall be fully programmable. Initial software shall be 
fully modifiable, and not restricted by vendor's specific configuration guidelines.  
Equipment controllers control software shall be designed via a graphic programming 
facility, the detailed graphic design of which shall be provided as system documentation.  
Control strategies shall be advanced as noted with stabilizing setpoint ramps and 
procedures to assure slow loading of variable load equipment and economizer modes to 
prevent unsafe overshoot of controlled pressure and unsafe undershoot of mixed air 
temperatures during start-up and transition periods. 

C. Management Software: 
1. Each equipment controllers shall be provided with a trend archive of at least the last 200 

events (digital transitions or analog value changes) of any user selected group of up to 20 
points.  A stored event shall include date and time, and value or status.  Point events shall 
be displayable at local panels as trend logs for evaluation of control system performance. 

2. Each equipment controllers shall monitor analog input points and specified digital points 
for off-normal conditions.  Each alarm shall have an "alarm delay" attribute which shall 
determine how long (in seconds) a point must be in an off-normal state prior to being 
considered in an alarm state. 

D. Communications Software:  Each equipment controllers shall have a full master peer-to-peer 
communications module to support global data sharing, hierarchical control, and global control 
strategies specified. 
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2.8 DATA COMMUNICATIONS 

A. Equipment controllers shall be interconnected via a primary communications network.  
Terminal controllers shall also be connected together via secondary networks to provide data 
concentration and parallel processing.  Networks shall support sensor sharing, global 
application programs, and bus-to-bus communications without the presence of a host PC. 

B. The equipment controller's communications network shall support true peer protocol such that 
loss of any single device will not cause total bus failure. 

2.9 GENERAL 

A. ATC setpoints, reset schedules, time programs, historical trends shall be displayable at local 
ATC panels and on the system’s operator workstations. 

B. I/O 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 3-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). 

6. Tri-State Outputs:  Provide two coordinated binary outputs for control of 3-point, 
floating-type electronic actuators. 

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

C. 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. 
2. Combined 1 percent line and load regulation with 100-microsecond response time for 50 

percent load changes. 
3. Built-in overvoltage and overcurrent protection and be able to withstand 150 percent 

overload for at least 3 seconds without failure. 

D. Power Line Filtering:  Internal or external transient voltage and surge suppression for 
workstations or controllers with the following: 
1. Minimum dielectric strength of 1000 V. 
2. Maximum response time of 10 nanoseconds. 
3. Minimum transverse-mode noise attenuation of 65 dB. 
4. Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz. 

2.10 SPARE POINTS 

A. Provide a minimum of 10 percent spare points or 16 spare points, whichever is greater, in each 
ATC control panel for future use.  Spare points shall be equally distributed among analog 
input, analog output, digital input and digital output.  It is not intended that spare points be 
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provided in unitary control panels which serve VAV boxes, unit ventilators, fan coil units and 
heat pumps.  It is intended that spare points be provided in master control panels and in panels 
which serve boiler/mechanical rooms and major equipment such as air handling units. 

2.11 CONTROL CABLE 

A. Electronic and fiber-optic cables for control wiring are specified in Division 27, provided under 
this Section. 

2.12 ACTUATORS 

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating 
action or 2-position action. 
1. Comply with requirements in Division 23 Section "Common Motor Requirements for 

HVAC Equipment." 
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. 

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

a. Belimo. 
2. Valves:  Size for torque required for valve close-off at maximum pump differential 

pressure. 
a. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for 

running torque of at least 150 lbf-in. (16.9 N-m) and breakaway torque of at least 
300 lbf-in. (33.9 N-m). 

b. Spring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for 
running and breakaway torque of at least 150 lbf-in. (16.9 N-m). 

3. Dampers:  Size for running torque as recommended by the damper manufacturer for tight 
sealing under design operating static pressures and velocities.  Submit damper 
manufacturer’s torque chart in same submittal as actuator selection table. 
a. For dampers which do not list torque values, provide torque calculated as follows: 

1) Damper with Edge Seals:  7 inch-lb/sq. ft. (8.6 N-m/sq. m) of damper. 
2) Damper without Edge Seals:  5 inch-lb/sq. ft. (6.22 N-m/sq. m) of damper. 

b. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft (2.3 sq. m):  Size for 
running torque of at least 150 lbf-in. (16.9 N-m) and breakaway torque of at least 
300 lbf-in. (33.9 N-m). 

c. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft (2.3 sq. m):  Size for 
running and breakaway torque of at least 150 lbf-in. (16.9 N-m). 

d. Dampers with 2- to 3-Inch wg (500 to 750 Pa) of Pressure Drop or Face Velocities 
of 1000 to 2500 fpm (5 to 13 m/s):  Increase running torque by a factor of 1.5. 

e. Dampers with 3- to 4-Inch wg (750 to 1000 Pa) of Pressure Drop or Face 
Velocities of 2500 to 3000 fpm (13 to 15 m/s):  Increase running torque by a factor 
of 2.0. 

4. Coupling:  V-bolt and V-shaped, toothed cradle. 
5. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 
6. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, manual 

gear release on nonspring-return actuators. 
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7. Power Requirements (2-Position Spring Return):  24-V ac. 
8. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V dc. 
9. Proportional Signal:  2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback 

signal. 
10. Temperature Rating:  40 to 104°F (5 to 40°C). 

a. In addition, valve actuators shall be suitable for the anticipated ambient 
temperature and fluid temperature.  For example, actuators located within heating 
equipment terminal enclosures will experience higher temperatures. 

11. Temperature Rating (Smoke Dampers):  -22 to 250 degrees F (-30 to 121 degrees C). 
12. Run Time:  30 seconds. 
13. Actuator Housing:  Molded or die-cast zinc or aluminum.  Terminal unit actuators may 

be high-impact plastic with ambient temperature rating of 50 to 140 degrees F (10 to 
60 degrees C) unless located in return-air plenums. 

14. Damper actuators shall be provided with end switches. 

2.13 CONTROL VALVES 

A. Control Valves:  Factory fabricated, of type, body material, and pressure class based on 
maximum pressure and temperature rating of piping system, unless otherwise indicated. 
1. Globe-type valves are required except for those applications where terminal-unit control 

valves or butterfly valves are specified or detailed. 
2. Ball-type valves may be substituted for other types, and shall be manufactured by 

Belimo, with Belimo actuators (no substitutions). 
3. Valves shall be suitable for water with up to 50 percent inhibited ethylene or propylene 

glycol. 
4. 3-way valves shall be mixing pattern, except where diverting pattern is specified, or 

where manufacturer requires use of diverting pattern. 
5. Rubber-paddle or ball-plug type control valves such as, but not limited to, Honeywell 

Fan-Coil Valves or the TAC Erie product line (division of Schneider Electric) are not 
allowed. 

6. Valves with thermal-wax motors are not allowed. 
7. Valves requiring cartridge replacement for service are not allowed. 
8. Valves requiring special water treatment such as 50-micron filtration are not allowed. 

B. Sizing:  Maximum pressure drop determined with valve full-open at design flow rate and the 
following: 
1. 2 Position:  Line size. 
2. 2-Way Modulating:  Between one-half and one times the variable-flow load pressure 

drop, but not to exceed 3 psig (21 kPa). 
3. 3-Way Modulating:  Between one-half and one times the variable-flow load pressure 

drop, but not to exceed 1.5 psig (10.5 kPa). 
4. Note:  For modulating valves, the load pressure drop is that across the modulated portion 

of the system.  For example, for a 3-way valve providing reset-water control at a boiler, 
the modulated flow is across the boiler and accessories, whereas the building loop to 
terminal equipment is considered constant-flow for the purposes of this valve’s sizing.  
For a 3-way valve modulating the flow thru a coil, the coil and its pipe fittings comprise 
the variable-flow load.  For a 3-way valve in a primary-secondary loop to a coil, where 
the flow thru the coil is a constant pumped flow, the variable load is in the primary-
secondary bridge. 
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C. Hydronic system globe valves shall have the following characteristics: 
1. NPS 2 (DN 50) and Smaller:  Class 125 bronze (or red brass) body, bronze or brass seat, 

bronze trim, rising stainless steel stem, renewable brass or composition disc or plug, 
screwed ends, with backseating capacity, repackable under pressure.  Valve may have 
integral union ends.  Valves with ends other than threaded or factory-integral unions are 
not allowed. 

2. NPS 2-1/2 (DN 65) and Larger:  Class 125 iron body, bronze trim, rising stem, plug-type 
disc, flanged ends, and renewable seat and disc. 

3. Internal Construction:  Replaceable plugs and stainless-steel or brass seats. 
a. Single-Seated Valves:  Cage trim provides seating and guiding surfaces for plug on 

top and bottom. 
b. Double-Seated Valves:  Balanced plug; cage trim provides seating and guiding 

surfaces for plugs on top and bottom. 
4. Flow Characteristics:  2-way valves shall have equal percentage characteristics; 3-way 

valves shall have linear characteristics through 1 of the ports, equal percentage through 
the other. 

5. Close-Off (Differential) Pressure Rating:  Combination of actuator and trim shall provide 
minimum close-off pressure rating of 150 percent of total system (pump) head for 2-way 
valves, and 100 percent of pressure differential across valve or 100 percent of total 
system (pump) head for 3-way valves. 

6. Temperature Rating:  250°F (121°C). 

D. Butterfly Valves:  200-psig (1380-kPa), 150-psig (1034-kPa) maximum pressure differential, 
ASTM A 126 cast-iron or ASTM A 536 ductile-iron body and bonnet, extended neck, 
stainless-steel stem, field-replaceable EPDM or Buna N sleeve and stem seals. 
1. Body Style:  Wafer or lug. 
2. Disc Type:  Nickel-plated ductile iron or aluminum bronze. 
3. Seat:  EPDM resilient seat replaceable.  Disc may be coated, but primary sealing surface 

shall be the resilient seat mounted in the body. 
4. Sizing:  1-psig (7-kPa) maximum pressure drop at design flow rate. 
5. Temperature Rating:  250°F (121°C). 

E. Terminal Unit Control Valves:  Bronze body, bronze trim, 2 or 3 ports as indicated, replaceable 
plugs and seats, and union and threaded ends.  Valves with ends other than threaded or factory-
integral unions are not allowed. 
1. Applications:  Duct-mounted reheat coils, and fintube radiation.  For other applications, 

see globe valve specifications above. 
2. Honeywell "small linear control valves" with "linear valve actuators" (or equal) may be 

used only for VAV box coils and hot water duct coils; they may not be used for other 
coil or equipment types. 

3. Rating:  Class 125 for service at 125 psig (860 kPa) and 250 deg F (121 deg C) operating 
conditions. 

4. Close-Off (Differential) Pressure Rating:  Combination of actuator and trim shall provide 
minimum close-off pressure rating sufficient to close against pump shutoff head. 

5. Flow Characteristics:  2-way valves shall have equal percentage characteristics; 3-way 
valves shall have linear characteristics. 
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2.14 DAMPERS 

A. Manufacturers: 
1. Non-Insulated Dampers: 

a. Ruskin - Model CD60. 
b. American Warming & Ventilating. 
c. Arrow. 
d. Greenheck. 
e. Tamco (T.A. Morrison & Co., Inc.). 

2. Insulated-Blade Dampers: 
a. T.A. Morrison & Co., Inc.; Tamco Series 9000 SC “Severe Cold Option” dampers. 
b. Greenheck – Series ICD-45. 
c. Ventex, Inc. - Series 3965SI. 

B. Non-Insulated Dampers: 
1. AMCA-rated, parallel (2-position) or opposed-blade (modulating) design. 
2. Frames shall be 16 gauge (1.6 mm) thick galvanized steel, reinforced to equivalent 

strength of 11 gauge (3 mm) galvanized steel; or 0.125 inch (3.2 mm) minimum 
thickness extruded-aluminum. 

3. Blades shall be airfoil type of not less than 14 gauge (2 mm) equivalent thickness 
galvanized steel or heavy gauge extruded aluminum, with maximum blade width of 
8 inches (200 mm) and length of 48 inches (1220 mm). 

4. Secure blades to 1/2 inch (13 mm) diameter, hex-profile, 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. 

5. Operating Temperature Range:  From -40 to 200 degrees F (-40 to 9 degrees C). 
6. Edge Seals, Low-Leakage Applications:  Replaceable, inflatable blade edging of 

Ruskiprene, neoprene, vinyl, or rubber, and spring-loaded stainless-steel side seals, rated 
for leakage at less than 10 cfm/sq. ft (50 l/s per sq. m) of damper area, at differential 
pressure of 4-inch wg (1 kPa) when damper is held by torque of 50 in.-l bf (5.6 N-m); 
when tested according to AMCA 500D-98. 

C. Insulated Dampers:  Dampers which are located in or 4 ft. (1.2 m) or less from outside walls or 
roof lines, and are 8 sq. ft. (0.74 sq. m) or larger, shall be thermally insulated type. 
1. Frame:  Extruded aluminum, externally insulated with polystyrene foam. 
2. Blades:  Double wall extruded aluminum, with internal injected polyurethane foam, 

thermally broken.  Extruded silicone frame and blade seals, secured in slots in the 
aluminum extrusions.  R-value of complete blade shall be 2.29 hr-ft2-F/Btu 
(0.39  m2- K/W). 

3. Leakage shall not exceed 4.9 cfm/sq. ft (25 l/s per sq. m) against 4 in. wg (1 kPa) 
differential static pressure at -40 degrees F (-40 degrees C). 

4. Bearings:  Celcon inner bearing fixed to a 7/16 inch (11.1 mm) aluminum hexagon blade 
pin, rotating within a polycarbonate outer bearing inserted in the frame, resulting in no 
metal-to-metal or metal-to-plastic contact. 

5. Linkage Hardware:  Installed in the frame side, constructed of aluminum and corrosion-
resistant, zinc-plated steel, with cup-point trunnion screws for a slip-proof grip. 

6. Operating Temperatures:  -40 to 155 degrees F (-40 to 68 degrees C). 
7. For dampers less than 12 inches (305 mm) in 1 dimension, provide “flanged-to-duct” 

mounting style for maximum free area. 
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D. Automatic dampers at exterior wall louvers shall be 4 inches (100 mm) shorter in vertical 
dimension (height) than the louver they serve, to allow sloping of bottom of duct to drain 
outward.  Depending on the height of the louver’s integral waterstop, it may be necessary to 
slope the top of the duct as well as the bottom.  Coordinate sizing and positioning of dampers 
and louvers with Division 23 Section “Air Inlets and Outlets” to ensure that base of damper 
frame is positioned higher than the lowest edge of the duct where it laps over the top edge of 
the louver’s waterstop or bottom blade.  It shall be the responsibility of this Section to ensure 
proper installation to drain. 

2.15 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°F (0.3°C) at calibration point. 
2. Wire:  Twisted, shielded-pair cable. 
3. Insertion Elements in Ducts:  Single point, 8 inches (200 mm) long; use where not 

affected by temperature stratification or where ducts are smaller than 9 sq. ft. 
(0.84 sq. m). 

4. Averaging Elements in Ducts:  36 inches (915 mm) long, flexible; use where prone to 
temperature stratification or where ducts are larger than 10 sq. ft. (1 sq. m). 

5. Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum insertion 
length of 2-1/2 inches (64-mm). 

6. Room Sensor Cover Construction:  See below. 
7. 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. 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:  4 to 20 mA. 
c. Duct Static-Pressure Range:  0- to 5-inch wg (0 to 1240-Pa). 

2. Water Differential-Pressure Transducers:  Stainless-steel diaphragm construction, 
suitable for service; minimum 150-psig (1034-kPa) operating pressure and tested to 300-
psig (2070-kPa); linear output 4 to 20 mA. 

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

D. Room Sensor Cover Construction:  Manufacturer's standard locking covers. 
1. Set-Point Adjustment:  Concealed. 
2. Set-Point Indication:  Concealed. 
3. Thermometer:  Concealed. 
4. Communications Port:  Standard phone-type jack for connection of portable laptop 

computer and other devices.  Provide at each room sensor, no exceptions. 
5. Override Pushbutton:  For timed override of occupied/unoccupied cycle.  Provide in 

normally-occupied rooms such as classrooms, shops, offices, cafeterias, kitchen, lecture 
hall, band and chorus rooms, and gymnasiums.  Do not provide in storage rooms, stairs, 
entries, vestibules, corridors, elevator machine rooms, electrical rooms, Comm rooms, 
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and mechanical rooms. 

E. Room sensor accessories include the following: 
1. Insulating Bases:  For sensors located on exterior walls. 
2. Adjusting Key:  As required for calibration and cover screws.  Furnish to the Owner, at 

least 5 per sensor type. 
3. Guards:   

a) Cast aluminum, with large openings for easy viewing of sensor, rounded 
surfaces to prevent injury, equivalent to Siemens Model 134-117 thermostat 
guard or Kele Model AT-1104.  

b) Lockable, vented low-profile clear plastic guard equivalent to Kele BAPI-Guard 
Series.  

c) Lockable, vented clear plastic guard with opaque solid wall plate, equivalent to 
Kele TG500 Series. 

4. Wall Mounting Box:  Recessed, steel, securely fastened to wall framing.  Equal to Steel 
City metallic switch boxes by Thomas & Betts Corp.  Box may only be omitted where 
sensor attaches directly to masonry construction. 

2.16 THERMOSTATS AND TEMPERATURE SENSORS 

A. Thermostats and Sensors in locations in regular view by the occupants shall have covers which 
are simple, aesthetically pleasing, neutral in color, with manufacturer’s logo, if any, in black or 
neutral color, and shall fit flush to the surrounding wall surface. 

B. Freezestats: 
1. Freezestat safety low limits shall be duct-mounted manual-reset and automatic-reset (see 

control sequences) 20-foot limited fill capillary-tube type, responsive to the coolest 
section of its length. 

2. Air handling systems which handle outside air (or a mix of outside air and return air) or 
are located outdoors shall have freezestats at hydronic and steam coils.  Where 
freezestats are required, provide both a manual-reset type set near freezing temperature 
for shutdown, and an automatic-reset type set at a warmer temperature for preventive 
action. 

3. Air handling systems with chilled-water coils mounted upstream of heating coils shall 
have freezestats on the upstream face of the chilled water coils, in addition to the 
freezestats on the downstream face of the heating coils.  

C. Thermostats 
1. Electric thermostats shall be line voltage or low voltage type, suitable for the application.  

They shall have concealed setpoint adjustment and setpoint indicator.  Electric 
thermostats shall be provided with manual adjustment dials and shall be protected by 
lockable tamper proof covers. 

2. Unit heater aquastats shall be strap-on type. 

D. Temperature Sensors: 
1. Temperature sensors shall provide a 2-wire connection to the controller that is polarity 

and wire type insensitive.   Sensors shall have communications jacks for connection to 
the communication trunk to which the controller is connected.  The temperature sensor, 
the connected controller, and other devices on the communications bus shall be 
accessible by the Graphical Programming tool. 

2. Provide with manual adjustment rotary or sliding dials, with a scale labeled as either 
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temperature in degrees F, or “warmer/cooler”.  The input from this dial shall be 
programmable through the operator workstation to allow a maximum and minimum 
range for user adjustment.  The min/max range shall initially be set at 4°F above/below 
the programmed setpoint.  When the dial is adjusted, it shall shift both heating and 
cooling setpoints by the programmed amount, in proportion to the distance moved.  This 
dial shall only affect the occupied setpoints; the unoccupied setpoints shall remain as 
programmed. 

3. Provide with override buttons which, when depressed during unoccupied time periods, 
will override the zone’s temperature controls and setpoints to occupied conditions for a 
user adjustable period of time (initially set for 2 hours). 

E. Tamper-Resistant Covers and Guards:  
1. Provide protective lockable guards for thermostats and temperature sensors located in 

high traffic and unsecure areas.  These areas shall include, but not be limited to: 
a. Cafeteria. 
b. Corridors. 
c. Lobbies. 
d. Locker Rooms. 
e. Public Toilet Rooms. 
f. Stairways. 
g. Storage Areas. 
h. Technology Lab. 
i. Vestibules. 
j. Weight Room. 

 
2. Provide tamper-resistant blank covers (without manual adjustments, temperature 

indicators, or override buttons) for thermostats and temperature sensors located in the 
following areas: 
a. Closets. 
b. Corridors. 
c. Locker Rooms. 
d. Production Area. 
e. Stairways. 
f. Storage Areas. 
g. Toilet Rooms. 
h. Vestibules. 

 
3. Provide tamper-resistant semi-blank covers (without manual adjustments or temperature 

indicators, but including override buttons) for thermostats and temperature sensors 
located in the following areas: 
a. Lobbies. 
b. Teachers’ Lounge. 

 

2.17 STATUS SENSORS 

A. Where differential pressure “sensor” is indicated or specified, they shall be analog-output type 
as specified herein.  Where differential pressure “switch” is indicated, it may be digital-output 
type. 

B. Status Inputs for Fans:  Unless otherwise specified:  Differential-pressure switch with pilot-
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duty rating and with adjustable range of 0- to 5-inch wg (0 to 1240 Pa). 

C. Status Inputs for Pumps:  Unless otherwise specified:  Differential-pressure switch with pilot-
duty rating and with adjustable pressure-differential range of 8 to 60 psig (55 to 414 kPa), 
piped across pump. Pumps with motors 1 hp or smaller may use current transformers (CTs) for 
status inputs. 

D. 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. 

E. 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. 

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

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

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

I. 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 1 enclosure. 

2.18 CURRENT TRANSFORMERS 

A. Current transformers (CTs) are not an acceptable substitute for pump or fan monitoring where 
flow switches or pressure switches are specified.  

B. Provide CTs as required for the sequences of operation specified. 

2.19 DIFFERENTIAL WATER PRESSURE SENSORS 

A. Manufacturers: 
1. Setra - Model 230 Wet-to-Wet Pressure Transducer. 
2. Ashcroft. 
3. Honeywell. 
4. Johnson Controls. 

B. At Contractor’s option, Setra Model 231RS wet-to-wet multi-range differential pressure 
transducer with remote-wired sensors may be used. 

C. Differential-pressure monitoring shall be analog-output type unless otherwise specified.  

D. High output, low differential pressure transducer designed for wet to wet differential pressure 
measurements of liquids or gases.  A fast-response capacitance sensor and signal conditioned 
electronic circuitry provide a highly accurate, linear analog output proportional to pressure.  
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Both unidirectional and bidirectional pressure ranges are available for applications with line 
pressure up to 250 psig. 

E. An isolation system transmits the motion of the differential pressure sensing diaphragm from 
the high line pressure environment (e.g. corrosive liquids) to the dry (air) enclosure where it 
moves one of a pair of capacitance plates proportionally to the diaphragm movement.  
Response to pressure changes is approximately 20 times faster than conventional fluid-filled 
transducers.  The electronic circuit linearizes output vs. pressure and compensates for thermal 
effects of the sensor. 

F. NEMA 4/IP65 rated enclosure.  Pipe-thread fittings. 

G. Accuracy RSS (of non-linearity, non-repeatability and hysteresis) (at constant temperature) 
+/- 0.25 percent of full scale (pressure range). 

H. Pressure Range:  Selected by the Contractor for the anticipated or field-measured (actual) 
pressure differential.  Lower ranges have greater accuracy. 

I. Ambient Operating Temperature for Electronics:  0 to 175°F (-18 to 79°C). 

2.20 DIFFERENTIAL WATER PRESSURE SWITCHES 

A. Differential-pressure switches with on/off contact closure output may be used where specified. 

B. NEMA 2 minimum enclosure.  Pipe-thread fittings.  Brass or bronze wetted parts. 

C. Ambient Operating Temperature for Electronics:  30 to 158°F (-1 to 70°C). 

2.21 CARBON DIOXIDE SENSOR 

A. Indoor Carbon Dioxide Sensor and Transmitter:  Greystone CDD Series.  Single detectors 
using solid-state non-dispersive infrared sensors; suitable over a temperature range of 32 to 
122°F (0 to 50°C), calibrated for +/- 3 percent of reading at 72°F (22°C), with continuous or 
averaged reading, stability less than 2 percent full scale over life of sensor (15 years typical), 
self-calibrating.  4-20 mA or 0-10 Vdc output; 5 amp relay output; status LED; LCD display of 
PPM level with 1 ppm resolution.  Enclosure for wall mounting or duct mount, depending on 
application.  For wall-mounting in occupied spaces, provide Greystone’s “Corporate Space” 
enclosure or other manufacturer’s equivalent.  Provide Modbus communications where 
applicable. 

2.22 ROOM OCCUPANCY DETECTION EQUIPMENT 

A. Carbon Dioxide Sensor and Transmitter:  See “Carbon Dioxide Sensor” in this Section. 

B. Occupancy Sensor:  Provided by Division 26. 

2.23 REFRIGERANT LEAK DETECTORS 

A. Manufacturers: 
1. Bacharach, Inc. - HGM-MZ multizone. 
2. Parasense, Inc. 
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B. Product Type:  Multiple-area monitoring system for low level continuous monitoring of 
refrigerant gases used in most commerial systems including:  CFC, HCFC, HFC and 
Ammonia.  System design supports compliance with gas monitoring requirements of 
ANSI/BSR ASHRAE 15-1994. 

C. Gas Library: 
1. CFC:  R-11, R-12, R-113, R-114, R-502, HFP. 
2. HFC:  R-404a (HP62), R-407a, R-407c (AC9000), R-134a, R-410a (AZ20), R-507 

(AZ50), R-508b (SUVA95), R236FA, R125, R245Fa, R422a, R422d, R427a. 
3. HCFC:  R-22, R-123, R-124, R-500, R-503, R-401a (MP39), R-402a (HP80), R-402b 

(HP81), R-408a, R-409a, R-23, R21, R227. 
4. Halon:  H1301,H2402, H1211. 
5. Other:  FA188, FC72, N1230. 

D. Front Panel:  3 indicator lights. 
1. Green:  Monitor is powered on.  LED glows during normal operation; flashes when unit 

is in warm-up mode. 
2. Red:  Alarm.  LED flashes when any point has exceeded the alarm setting. 
3. Yellow:  Fault.  LED flashes when there is a system fault. 

E. Performance: 
1. Sensitivity:  1 ppm (exception is R11:  +/- 10 ppm +/- 15 percent of reading 0-1000 

ppm). 
2. Measuring Range:  0 to 10,000 ppm. 
3. Accuracy:  +/- 1 ppm from +/- 10 percent of reading from 1-1000 ppm (exception is 

R-11: +/- 10 ppm +/- 15 percent of reading 0-1000 ppm). 
4. Temperature Drift:  +/- 0.3 percent of reading per degree C. 
5. Coverage:  4 point (zone) standard, expandable to 16 points in 4 point increments.  
6. Detector Type:  Infrared Non-Dispersive. 
7. Sampling Mode:  Automatic or Manual (hold). 
8. Re-Zero:  Auto or on Zone Change. 
9. Response Time:  5 to 120 seconds - depending on air-line length and number of zones. 
10. System Noise:  Less than 40 dB(A) at 10 feet (3 m). 
11. Monitoring Distance:  1,200 ft. maximum for combined length of sample + exhaust 

tubing (each zone). 
12. Conditional System:  Dual optional 4-20 mAdc isolated outputs.  Channel 1:  zone area.   

Channel 2:  PPM. 
13. Alarms: 

a. 4 SPDT alarm contacts (rated 5 Amps at 250 volts).  3 assigned to PPM level 
alarms, 1 assigned to system faults. 

b. Audible alarm at panel, with silencing feature. 
14. Communications:  RS-232C communication port standard.  Provide full 2-way 

communication with building management system via RS485 MODBUS-RTU serial 
interface. 

15. Power Safety Mode:  Fully automatic system reset.  Programmed parameters retained 
16. Operating Temp:  32 to 122°F (0 to 50°C). 
17. Ambient Humidity:  5 to 90 percent RH (non-condensing). 
18. AC Power:  100 to 240 VAC, 50/60 Hz, 20 W. 
19. Altitude Limit:  6,562 ft. (2,000 m). 
20. Fusing:  F1, F2:  1.0 A, 250 VAC, Type “F”. 
21. Sensor Life:  7-10 years. 
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F. Certification:  UL 61010-1, Can/CSA 22.2 No. 61010-1 & CE Mark. 

G. Warranty:  2 years from date of shipment. 

H. Accessories: 
1. Surge protector. 
2. Tubing and supports for sample intake lines, purge line, and exhaust line. 
3. End-of-line filters. 
4. Charcoal filter for purge line. 
5. Splitter kits for multiple filters on a single zone. 
6. Water trap. 
7. Spare fuses. 
8. Annual maintenance kit, including line end filters in quantity to match installation, 1 

charcoal filter, 1 hydrophobic filter, and 3 end-of-line water stop filters. 

I. Zones: 
1. As shown on plans. 

J. For installation of relief valve end-of-line filter, provide end of relief copper piping turned 
downward to shed water and snow, and enlarge end of piping so that net area of piping with 
filter installed is not less than the area of the relief main. 

2.24 AIRFLOW MEASURING STATIONS    

A. Manufacturers: 
1. EBTRON, Inc. Model GTx116 P and GTx116 F (basis of design). 
2. Air Monitor Corporation. 
3. Ruskin.  

B. Verify quantities, sizes, and locations of measuring stations to meet the intent of the specified 
control sequences, and provide as required.  Coordinate with other Sections of the 
Specifications and other trades, to provide installation in ductwork, air handling units, and 
other locations as required. 

C. Warranty:  Provide a manufacturer's parts warranty for 36 months from the date of unit 
shipment. 

D. Submittals: 
1. Submit product data sheets for airflow measuring devices indicating minimum placement 

requirements, sensor density, sensor distribution, and installed accuracy to the host 
control system. 

2. Devices whose accuracy is the combined accuracy of the transmitter and sensor probes 
must demonstrate that the total accuracy meets the performance requirements of this 
Specification throughout the measurement range. 

3. Submit a schedule of airflow measuring devices indicating compliance with specified 
accuracy at minimum and maximum airflow rates. 

4. Submit installation, operation and maintenance documentation. 

E. Each measurement device shall consist of one or more sensor probe assemblies and a single 
microprocessor based transmitter.  Each sensor probe assembly shall contain one or more 
independently wired sensor housings.  Multiple sensor housings shall be equally weighted and 
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averaged by the transmitter prior to output.  Pitot tubes and arrays are not acceptable.  Vortex 
shedding flow meters are not acceptable. 

F. Sensor Probe Assemblies: 
1. Each sensor housing shall be manufactured of a U.L. listed engineered thermoplastic. 
2. Each sensor housing shall utilize two hermetically sealed, bead in glass thermistor probes 

to determine airflow rate and ambient temperature.  Devices that use "chip" type 
thermistors are unacceptable.  Devices that do not have 2 thermistors in each sensor 
housing are not acceptable. 

3. Each sensor housing shall be calibrated at a minimum of 16 airflow rates and have an 
accuracy of +/ 2 degrees of reading over the entire operating airflow range.  Each sensor 
assembly shall be calibrated to standards that are traceable to the National Institute of 
Standards and Technology (NIST). 
a. Devices whose accuracy is the combined accuracy of the transmitter and sensor 

probes must demonstrate that the total accuracy meets the performance 
requirements of this Specification throughout the measurement range. 

4. The operating temperature range for the sensor probe assembly shall be 20 to 160 
degrees F (-28 to 71 degrees C).  The operating humidity range for the sensor probe 
assembly shall be 0 to 99 percent RH (non-condensing). 

5. Each temperature sensor shall be calibrated at a minimum of 3 temperatures and have an 
accuracy of +/ 0.15 degrees F (0.08 degrees C) over the entire operating temperature 
range.  Each temperature sensor shall be calibrated to standards that are traceable to the 
National Institute of Standards and Technology (NIST). 

6. Each sensor probe assembly shall have an integral, U.L. listed, plenum rated cable and 
terminal plug for connection to a remotely mounted transmitter.  Terminal plug 
interconnecting pins shall be gold plated. 

7. Each sensor assembly shall not require matching to the transmitter in the field. 
8. A single manufacturer shall provide both the airflow/temperature measuring probe(s) and 

transmitter at a given measurement location. 

G. Duct and Plenum Sensor Probe Assemblies: 
1. Sensor housings shall be mounted in an extruded, gold anodized, 6063 aluminum tube 

probe assembly. 
2. The number of sensor housings provided for each location shall be as follows: 

a. Area (sq.ft.) Area (sq.m)   Sensors 
�”��  ���”����������   2 
>1 to <4  (>0.09 to <0.37) 4 
4 to <8  (0.37 to <0.74)  6 
8 to <12  (0.74 to <1.11)  8 
12 to <16 (1.11 to <1.49)  12 
�•����  ���•����������   16 

3. Probe assembly mounting brackets shall be constructed of Type 304 stainless steel.  
Probe assemblies shall be mounted using one of the following options: 
a. Insertion mounted through the side or top of the duct. 
b. Internally mounted inside the duct or plenum. 
c. Standoff mounted inside the plenum. 
d. The operating airflow range shall be 0 to 5,000 FPM (0 to 56 m/s) unless otherwise 

indicated on the Drawings. 

H. Fan Inlet Sensor Probe Assemblies: 
1. Sensor housings shall be mounted on 304 stainless steel blocks. 
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2. Mounting rods shall be field adjustable to fit the fan inlet and constructed of nickel 
plated steel. 

3. Mounting feet shall be constructed of 304 stainless steel. 
4. The operating airflow range shall be 0 to 10,000 FPM (0 to 113 m/s) unless otherwise 

indicated on the Drawings. 

I. Transmitters: 
1. The transmitter shall have an LCD display capable of displaying airflow and 

temperature.  Airflow shall be field configurable to be displayed as a velocity or a 
volumetric rate. 

2. The transmitter shall be capable of displaying the individual airflow and temperature 
readings of each sensor on the LCD display. 

3. The transmitter shall operate on 24 VAC.  The transmitter shall not require an isolated 
power source. 

4. The operating temperature range for the transmitter shall be 20 to 120 degrees F (-28 to 
48 degrees C).  The transmitter shall be protected from weather and water. 

5. The transmitter shall be capable of communicating with the host controls using one of 
the following interface options: 
a. Linear analog output signal:  Field selectable, fuse protected and isolated, 0 

10VDC and 4 20mA (4 wire). 
b. RS 485:  Field selectable BACnet MS/TP, ModBus RTU and Johnson Controls N2 

Bus. 
c. 10 Base T Ethernet:  Field selectable BACnet Ethernet, BACnet IP, ModBus TCP 

and TCP/IP. 
d. LonWorks Free Topology. 

J. The measuring device shall be UL listed as an entire assembly. 

K. The manufacturer's authorized representative shall review and approve placement and 
operating airflow rates for each measurement location indicated on the Drawings.  Submit a 
written report to the Architect if any measurement locations do not meet the manufacturer's 
placement requirements. 

L. Airflow measuring stations shall be interfaced with Division 23 Section “Instrumentation and 
Controls for HVAC” so that the building's ATC system shall monitor airflow.  Coordinate 
output signal with Division 23 Section “Instrumentation and Controls for HVAC”.  Any 
controllers required for the proper operation of the airflow monitoring station shall be 
LonWorks compliant. 

PART 3 - EXECUTION 

3.1 EXAMINATION  

A. Verify that power supply and data outlet is available to control units and operator workstation. 

3.2 ELECTRICAL WIRING AND CONNECTION INSTALLATION 

A. Wiring and conduits shall be properly supported and run in a neat and workmanlike manner.  
Wiring and conduits exposed and in equipment rooms shall run parallel to or at right angles to 
the building structure.  Wiring and conduits within enclosures shall be neatly bundled and 
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anchored to prevent obstruction to devices and terminals.  Wiring, conduits, wall boxes, and 
accessories shall conform to Division 26 – Electrical, and Division 27 of the Contract 
Documents. 

B. The ATC Contractor shall be responsible for electrical installation, including any low voltage 
and line voltage wiring which is required for a fully functional control system and not indicated 
on the Electrical Drawings or required by the Electrical Specifications (Divisions 26 and 27). 

C. Wiring shall be in accordance with local and national Codes and regulations. 

D. Provide electrical materials and installation under this Section.  Requirements and standards 
shall be as specified in other Sections and Divisions of the Specifications, as indicated in 
paragraphs below. 
1. Install raceways, boxes, and cabinets in conformance to Division 26.  
2. Install building wire and cable in conformance to Division 26. 
3. Provide interface wiring (line and low voltage) as required to complete ATC system 

installation. 
4. Install signal and communication cable according to Division 27. 

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

b. Install exposed cable in raceway. 
c. Install concealed cable in raceway. 
d. Bundle and harness multi-conductor instrument cable in place of single cables 

where several cables follow a common path. 
e. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect 

against abrasion.  Tie and support conductors. 
f. Number-code or color-code conductors for future identification and service of 

control system, except local individual room control cables. 
g. Install wire and cable with sufficient slack and flexible connections to allow for 

vibration of piping and equipment. 

E. Control wiring in boiler room, mechanical rooms, and equipment rooms shall be installed in 
conduit which shall comply with the requirements of the Electrical Specifications. 

F. Electronic low-voltage wiring shall be #18 AWG minimum THHN and shielded if required. 

G. Provide power for normally-openduct reheat coil, fintube, and glycol system,hot water valves 
from a central source(s).  Interlock with hot water pump(s) to de-energize valves when pump is 
de-energized. 

H. Power for any temperature control panels required in addition to those indicated on the 
Drawings shall be the responsibility of this Section. Power to temperature control panels shall 
be through “stand-by” power circuits which are powered through the building’s emergency 
generator. 
1. It is the design intent to have the entire temperature control system, including damper 

and valve actuators, powered by stand-by power circuits to ensure that the DDC system 
is fully functional when the building is operating on generator power. 

3.3 INSTALLATION  

A. Wall mounted thermostats and temperature sensors shall be attached to an electrical wall box 
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attached to a wall stud, masonry wall, or to blocking.  Attaching to gypsum wallboard only 
shall not be allowed. 

B. Mounting heights of room sensors, thermostats, and other devices, which have features which 
occupants may adjust or set by touching, shall be installed in locations and heights conforming 
to U.S. Department of Justice – 2010 ADA Standards for Accessible Design. 
1. Unobstructed Forward or Side Reach:  Reaches, measured by distance above the finished 

floor or ground surface upon which the occupant shall be sitting or standing, shall be a 
high of 48 inches (1220 mm) maximum measured to the top of the device, and a low of 
15 inches (380 mm) minimum measured to the bottom of the device. 

2. Obstructed High Reach:  Where a high forward reach is over an obstruction, the clear 
floor space shall extend beneath the element for a distance not less than the required 
reach depth over the obstruction.  The high forward reach shall be 48 inches (1220 mm) 
maximum where the reach depth is 20 inches (510 mm) maximum.  Where the reach 
depth exceeds 20 inches (510 mm), the high forward reach shall be 44 inches (1120 mm) 
maximum and the reach depth shall be 25 inches (635 mm) maximum. 

3. Coordinate with Division 26 – Electrical to match heights for an aesthetically pleasing 
appearance. 

C. Verify location of room temperature sensors and other exposed control sensors with Drawings 
and room details before installation. 
1. Thermostats and temperature sensors are indicated on the Drawings for general location.  

Terminal heat transfer units and fans which control space temperature shall be provided 
with thermostatic control, whether or not a thermostat or temperature sensor has been 
indicated on the Drawings. 

2. Locate in the general location indicated, and coordinate to group together with room light 
switches and other devices of similar height, to minimize disruption of open wall space. 

3. Locate to not be above electrical dimmers. 
4. Locate to avoid heat-generating equipment such as computers, copiers, cooking 

equipment, coffee makers, vending machines, and refrigerators.  Where electrical outlets 
are indicated near sensors, verify whether equipment is intended. 

5. Locate to avoid heating piping which may be concealed in partitions. 
6. Locate away from windows and exterior doors. 
7. Locate to avoid other false sources of heat such as strong sunlight. 

D. Provide guards on room sensors and thermostats in the following locations: 
1. Public areas other than classrooms and offices, including but not limited to: Corridors, 

hallways, entrances, lobbies, vestibules, stairwells, toilet rooms, locker rooms, storage 
rooms, cafeterias, and gymnasiums. 

2. Locations vulnerable to traffic. 
3. Where indicated. 

E. At each wall-mounted temperature sensor, provide wiring for setpoint dial and override 
pushbutton, and for communications jacks, whether or not the specified sensor has these 
functions.  This will allow the Owner to change sensors to add these functions in the future.  
Provide access to the associated controller and related control panels through each 
communication jack. 

F. Install averaging elements in ducts and plenums in crossing or zigzag pattern. 

G. Install freezestats serpentined across and clipped to the downstream face of coils.  Entire length 
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of capillary tube shall be within the unit airstream. 

H. Perform adjustment/relocation of freezestats as required to eliminate nuisance freezestat 
alarms. 

I. Aquastats installed on unit heaters and at any location above 60 inches (1525 mm) above 
finished floor shall be installed with adjustment knobs facing downward to facilitate 
adjustment. 

J. Outdoor air temperature sensor(s) shall be installed on the North side of the building. 

K. Connect manual-reset limit controls independent of manual-control switch positions.  
Automatic duct heater resets may be connected in interlock circuit of power controllers. 

L. Connect hand-off-auto selector switches to override automatic interlock controls when switch 
is in hand position. 

M. Connect lead-lag controls to lock out the failed or non-selected motor, to prevent simultaneous 
operation. 

N. Connect lead-lag controls so that only 1 motor can run in starter “hand” position. 

O. Connect fire alarm shutdown of motors on the load side of controls and hand-off-auto switches, 
to prevent motor from running in any switch position during fire alarm. 

P. For components to be installed under other Sections of the Specifications, provide delivery of 
components to appropriate Subcontractors, provide installation instructions, and supervise their 
installation. 

Q. Install hydronic instrument wells, valves, and other accessories according to Division 23 
Section "Hydronic Piping." 
1. Sensors shall be immersion type in wells unless otherwise specified or indicated. 
2. Enlarge piping at wells to prevent excess interference with flow. 
3. Locate wells to ensure insertion in active flowing section of piping or tank. 
4. Fill sensor wells with Honeywell thermal heat transfer paste to ensure good conduction. 

R. Install refrigerant instrument wells, valves, and other accessories according to Division 23 
Section "Refrigerant Piping and Specialties." 

S. Install automatic dampers in conformance to Division 23 Section "Air Duct Accessories." 

T. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor 
temperatures.  Provide stand-off brackets of depth to meet or exceed specified thickness of duct 
insulation. 

U. Install duct volume-control dampers according to Division 23 Sections specifying air ducts. 

V. Provide labels and nameplates to identify control components according to Division 23 Section 
"Identification for HVAC Piping and Equipment." 

W. Install electronic and fiber-optic cables according to Division 27.  
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X. Unless otherwise indicated, actuators shall be spring loaded and shall, upon a loss of power, 
actuate their device to an appropriate “ fail safe” position. 
1. Hot water valves - fail safe to fully open. 
2. Outside and exhaust air dampers - fail safe to fully closed. 
3. Exhaust fan motorized dampers - fail safe to fully closed. 
4. Supply air dampers at rooftop units - fail safe to fully closed. 
5. Return air dampers - fail safe to fully open. 
6. Combination fire/smoke dampers - fail safe to fully closed. 
7. Boiler Room combustion air damper at upturned duct - fail safe to full open. 
8. Boiler Room combustion air damper at down turned duct - fail safe to fully closed. 
9. Boiler isolation valves (each boiler) - fail safe to fully open. 

Y. For actuators that are required to “ fail safe” , provide spring return actuators.  “Floating point” 
actuators shall not be allowed for these applications.  “Floating point” actuators shall be 
allowed for actuators that are not required to “ fail safe”. 

Z. Enter computer programs and data files into the related computers including control programs, 
initial approved parameters and settings, and English descriptors. 

AA. Maintain CD copies of data file and application software for reload use in the event of a system 
crash or memory failure.  1 copy shall be delivered to the Owner during training session, and 1 
copy shall be archived in the ATC Contractor's local software vault. 

BB. Install software in control units and operator workstation(s).  Implement features of programs 
to specified requirements and as appropriate to sequence of operation. 

CC. Connect and configure equipment and software to achieve sequence of operation specified. 

3.4 FIELD QUALITY CONTROL 

A. Coordinate with the requirements of Division 01 Section “General Commissioning 
Requirements”. 

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

C. Perform the following field tests and inspections and prepare test reports: 
1. Operational Test:  After electrical circuitry has been energized, start units to confirm 

proper unit operation.  Remove and replace malfunctioning units and retest. 
2. Test and adjust controls and safeties. 

D. 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 flow instruments.  Inspect tag number and line and bore size, and verify that inlet 

side is identified and that meters are installed correctly. 
5. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators. 
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6. Check temperature instruments and material and length of sensing elements. 
7. Check control valves.  Verify that they are in correct direction. 
8. 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 I/O capacity has been provided. 
d. Verify that DDC controllers are protected from power supply surges. 

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

3.5 ADJUSTING 

A. Calibrating and Adjusting: 
1. Calibrate instruments. 
2. Make 3-point calibration test for both linearity and accuracy for each analog instrument. 
3. 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. 

4. 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. 
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 set points. 

C. Occupancy Adjustments:  When requested within 12 months of date of Substantial 
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Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  
Provide up to 3 visits to Project during other than normal occupancy hours for this purpose. 

3.6 VALIDATION  

A. The ATC Contractor shall completely check out, calibrate, and test connected hardware and 
software to ensure that the system performs in accordance with the approved submittals for 
specifications and sequences of operations. 

B. Witnessed Validation Demonstration:  Shall consist of: 
1. Display and demonstrate each type of data entry to show site specific customizing 

capability. 
2. Execute digital and analog commands. 
3. Demonstrate ATC loop precision and stability via trend logs of inputs and outputs. 
4. Demonstrate energy management performance via trend logs and command trace. 
5. Demonstrate that each control point, tag, or address is associated with the proper device, 

such as a room sensor input or an actuator output.  This demonstration shall include 
visual confirmation that the measured values and the output actions match what is 
indicated in the control system. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain Mechanical instrumentation and controls.  Refer to Division 01 
Section "Demonstration and Training." 

3.8 TRAINING 

A. Training shall be by the ATC Subcontractor and shall utilize specified manuals and as-built 
documentation. Video record each training session, and turn the completed video over to the 
Owner when training has been completed.  

B. Operator training shall include 10 four-hour sessions encompassing:     
1. Modifying text. 
2. Sequence of Operation review. 
3. Selection of displays and reports. 
4. Use of the specified functions. 
5. Setting and adjusting of occupancy schedules. 
6. Troubleshooting of sensors. 
7. Owner questions/concerns. 

C. 2 training sessions shall be conducted at project substantial completion, and the others shall be 
conducted at the Owner’s request and in accordance with the Owner’s schedule within a period 
of 6 months after substantial completion of the project. 

D. At 6 months after substantial completion, unused training hours shall be, at the Owner’s 
discretion, used for future training of new personnel or reimbursed to the Owner at the 
Subcontractor’s current hourly service rate. 
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3.9 MECHANICAL COMMISSIONING 

A. Refer to Specification Division 01 Section “General Commissioning Requirements” - for 
requirements and responsibilities of the ATC Contractor.  

B. Prior to the commencement of mechanical commissioning, provide validation of the 
temperature control system as follows: 
1. Completely check out, calibrate, and test connected hardware and software to insure that 

the system performs in accordance with the approved products and sequences of 
operations submitted. 

2. Witnessed validation demonstration shall consist of: 
a. Display and demonstrate each type of data entry to show site specific customizing 

capability. 
b. Execute digital and analog commands. 
c. Demonstrate DDC loop precision and stability via trend logs of inputs and outputs. 
d. Demonstrate energy management performance via trend logs and command trace. 

C. To facilitate the commissioning process, provide the ability for the Commissioning Agent to, 
through the graphics screens, modify the outside air temperature analog input signal to the 
system.  The intent is to allow the Commissioning Agent to adjust the outside air temperature 
so that the systems can be tested during their various modes of operation (for example, 
dehumidification, humidification, heating, cooling.) 

D. Provide support for the Commissioning Agent as required to facilitate the commissioning 
process.  This shall include a minimum of 2 four-hour training sessions on the use of the 
system’s graphics and associated software.  The intent is to train the Commissioning Agent so 
that he can perform simple commands such as adjusting room temperature setpoints for 
commissioning of reheat coils, fintube radiation, cabinet unit heaters, unit heaters and VAV 
boxes.  This will allow the Commissioning Agent to perform a majority of his work without 
assistance.  For more complicated systems such as building pressure control, control of outdoor 
air dampers based on CO2 levels, control of variable frequency drives and air handling unit 
damper response, provide assistance as required by the Commissioning Agent during the 
commissioning process. 

Appendix A Appendix A: Sample Graphics 

A.1.    Provide graphics to match images shown herein to the greatest extent possible. Location, building, 
and zone names do not apply to this project, but naming conventions must be matched. On-screen 
graphics must be clickable and route users to the item selected. Floor plan backgrounds used in graphics 
must match actual building layout and configuration. Naming of equipment in graphics must match 
naming used on Plans. Graphics and operability must be tied into the existing school-system-wide remote 
access system and must be fully compatible with the existing system. 
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Figure A1. Campus home screen. Each rectangle represents a building on campus. 

 
Figure A2. Building-specific screen. Accessed by clicking the building name shown in Figure A1. 
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Figure A3. Floor plan. Includes equipment number of HVAC units serving spaces along with current 

space temperature. Space temperatures must be color-coded, with green indicating an acceptable 
temperature, as shown in the color code legend at the top of the graphics page. 
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Figure A4. Mechanical systems screen for one building on campus. Must be organized by equipment type 

as shown in the sample graphic. Units must be clickable and must route user to the unit selected. 



WHITE MOUNTAIN COMMUNITY COLLEGE 
BERLIN MECHANICAL AND ELECTRICAL UPGRADES 
ADDENDUM 3 – 9/3/2024 

 
INSTRUMENTATION AND CONTROL FOR MECHANICAL SYSTEMS  230900 - 36 

 
Figure A5. HVAC equipment/unit screen. Must display points indicated in controls sequences and points 

lists shown on the Drawings. 

 
Figure A6. HVAC equipment zones screen. Must show all zone controls associated with one AHU. 
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Figure A7. Schedules screen for one building on campus. Schedules must be editable via graphical user 

interface and must be organized by HVAC system. 
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Figure A8. Alarms screen for one building on campus. Must indicate which are in an alarm condition via 

color-coding. 
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Figure A9. Trend logs for one building on campus. Must show historical trend data for all points 
indicated on the Drawings. 

END OF SECTION 230900 



WHITE MOUNTAIN COMMUNITY COLLEGE 
BERLIN MECHANICAL AND ELECTRICAL UPGRADES 
ADDENDUM 3 – 9/3/2024   
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 1 

SECTION 230923 - DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 

PART 1 - GENERAL 

1.1 SCOPE OF WORK 

A. This project involves furnishing, installing, configuring, and testing a Building Automation 
System (BAS) with graphical user interface (GUI) for the White Mountain Community College 
Berlin Campus, herein referred to as Berlin. The BAS and GUI must be compatible with the 
school-system-wide BAS and must be fully integrated into the school-system-wide BAS and 
remote access platform. This project also involves integration of existing controllers at the 
White Mountain Community College Littleton Campus – Advanced Technology Lab (ATL) 
facility (herein referred to as ATL) into the school-system-wide BAS and remote access 
platform. The Berlin Campus BAS system must use the same software as the Littleton Campus 
ATL and both facilities must be serviced under one service contract. 

B. Network controllers (JACEs) and field controllers are existing at ATL and must be integrated 
into the BAS. Network controllers (JACEs) and field controllers at Berlin associated with 
equipment being replaced under this project must be replaced as part of this project and must be 
integrated into the BAS. Existing field controllers associated with equipment that is existing and 
not modified under this project will remain and will not be integrated into the BAS.  

C. The new BAS shall be integrated into the Owner’s central server, which utilizes a Niagara N4 
platform. Contractor shall coordinate with the manager of the central server to receive access 
information necessary to integrate the Berlin and ATL DDC network onto the existing server.   

D. The BAS shall perform supervisory monitoring and supervisory control of campus-wide 
building control systems using Niagara N4 Framework.  

E. Contractor shall integrate existing DDC controllers and provide new DDC controllers, where 
specified in the construction drawings, including all components, software and applications 
required to meet the sequence of operation and the design/performance intent of the systems. 

F. Contractor shall verify all existing DDC control points in order to create control drawings and 
graphics.  

G. All existing conditions must be field verified by the contractor. As-built mechanical drawings 
are available on-site, coordinate with Owner to review.  

H. The network controllers and Building Automation System (BAS) software installed as part of 
this project shall be the latest versions offered by the manufacturer and the manufacturer must 
demonstrate to the extent possible that these products will be supported with both parts and 
service for a minimum of 10 years.  

I. The contractor must be responsible for the Network Area Controllers (NAC, also referred to as 
a JACE), software and programming of the NAC, graphical user interface software (GUI), 
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development of all graphical screens, Web browser pages, setup of schedules, logs and alarms, 
network management and connection of the NAC to the local or wide area network. 

J. The contractor must be responsible for any new open protocol controllers (OPC), control 
devices, control panels, controller programming, controller programming software, controller 
input/output and power wiring and controller network wiring.  

K. Furnish all labor, materials, equipment, and service necessary for a complete and operating 
Building Automation System (BAS), utilizing Direct Digital Controls as shown on the drawings 
and as described herein. Drawings are diagrammatic only. 

L. All labor, material, equipment and software not specifically referred to herein or on the 
Drawings, that is required to meet the functional intent of this specification, shall be provided 
without additional cost to the Owner. 

M. Contractor shall coordinate phasing with the Owner. If there will be any system or utility 
outages as a result of the work, this must be communicated and coordinated with the Owner at 
least three weeks in advance. 

N. Contractor must meet all Owner requirements for graphics, alarms, and network integration. 
Provide log-in credentials to all parties required by the Owner.  

O. The prime controls contractor must perform all programming and testing. Subcontractors are 
not permitted for this work.  

1.2 SYSTEM DESCRIPTION 

A. The intent of this specification is to provide an open NiCS (Niagara Interoperability and 
Compatibility Statement) Building Automation System (BAS) based on an approved, open 
platform and a network of freely programmable interoperable open protocol BACnet digital 
controllers. The Interoperable BACnet controllers shall be fully programmable via the 
embedded software tool requiring only a web browser to complete the programming process. 
All new JACEs and Controllers shall be fully programmable or configurable from within any 
vendor’s version of the BAS software. Controllers that require a separate programming tool are 
not acceptable. 

B. Open source as referred to herein shall mean that the Network Area Controller and the 
Interoperable Digital BACnet Controller (IDC) products are available from multiple contractor 
and vendor sources, affording the owner freedom of choice and competitive bidding for the 
initial installation of the BAS and future system expansions and modifications not limited by 
contractor, vendor or networking protocol. No territorially restricted OEM brands, single vendor 
or “branch only” products are acceptable. All products must be available for purchase by any 
qualified contractor that the owner chooses to do the installation and any further expansion or 
modifications. 

C. The Building Automation System consists of a high-speed, peer-to-peer network of servers, 
routers, network switches and stand-alone supervisory controllers. This network provides the 
capability to integrate BACnet, LonWorks, MODBUS, OPC and other open and proprietary 
communication protocols into one open, interoperable system.   
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1. A web based controller and server with a network interface card gathers data from this 
system and generates web pages accessible through a web browser on each workstation 
connected to the network. Operators are able to perform normal and expanded operator 
functions through this web browser interface. 

2. The system installed in this project including all associated equipment, licenses, and 
accessories, shall tie into the existing Community College Statewide Niagara N4 Server. 
Each network controller shall communicate to other open and legacy protocol 
systems/devices installed in the facility. 

3. The BAS is comprised of supervisory controllers which are based on a hierarchical 
architecture incorporating Niagara N4 Framework™. All new and replacement 
equipment shall be compliant with the Niagara N4 Framework. 

D. The Building Automation System must be comprised of Network Area Controller or Controllers 
(JACE) within each facility. From herein, NAC must refer to a JACE. The NAC must connect 
to the Owner’s local or wide area network, depending on configuration. Access to the system, 
either locally in each building, or remotely from a central site or sites, must be accomplished 
through standard Web browsers, via the local area network. Each NAC must communicate to 
Open Protocol controllers. 

E. The BAS Installation shall be integrated into the existing cloud-based Niagara N4 Supervisor. 
The Niagara Supervisor provides the communication between the NAC and web browsers. 

F. The BAS must provide full graphic software capable of complete system operation for up to 34 
simultaneous workstations. 

G. The BAS shall provide full graphic operator interface to include the following graphics as a 
minimum: 
1. Home page to include Outside Air Temperature, Outside Air Relative Humidity, 

Enthalpy, etc. 
2. Graphic floor plans accurately depicting rooms, walls, hallways, and showing accurate 

locations of space sensors and major mechanical equipment. 
3. Detail graphics for each mechanical system. 
4. Provide access to corresponding system drawings, technical literature, and sequences of 

operations directly from each system graphic. 

H. The BAS must provide automated alarming software capable of sending messages to email 
compatible cellular telephones via the Owner’s e-mail service.  The email alarm paging system 
must be able to segregate users, time schedules, and equipment, and be capable of being 
programmed by the Owner.  

I. The system shall perform supervisory monitoring and control functions including but not 
limited to Scheduling, Alarm Handling, Trending, Overrides, Report Generation, and Electrical 
Demand Limiting as specified. 

J. The system shall include a Graphical User Interface which shall allow for graphical navigation 
between systems, graphical representations of systems, access to real-time data for systems, 
ability to override points in a system, and access to all supervisory monitoring and control 
functions.  Contractor shall utilize the existing standard graphic package and point naming 
convention for ease of owner use.  
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K. The contractor must provide the appropriate quantity of legal copies of all software used to 
install and configure the BAS. The Owner must be named the license holder for all software 
associated with any and all incremental work in the project. 

L. Provide sufficient documentation and data, including rights to documentation and data, such 
that the owner or their agents can execute work to repair, replace, upgrade, and expand the 
system without subsequent or future dependence on the Contractor. 

M. The intent of this specification is to provide an open source BAS based on the Niagara N4 
Platform.  Any new field level controllers shall be fully programmable via the embedded 
Niagara Workbench tool requiring only a web browser. Products requiring a licensed, off site, 
non-embedded programming tool are not acceptable as this reduces the owner’s options in 
contractors for future service.  

1.3 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.4 SUMMARY 

A. Section Includes: 
1. DDC system for monitoring and controlling of HVAC systems. 

B. Related Requirements: 
1. Raceways: 

a. Section 260533 "Raceways and Boxes for Electrical Systems" for raceways for 
low-voltage control cable. 

1.5 DEFINITIONS 

A. Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set 
of well-defined rules or processes for solving a problem in a finite number of steps. 

B. Analog: A continuously varying signal value, such as current, flow, pressure, or temperature. 

C. BACnet Specific Definitions: 
1. BACnet: Building Automation Network Protocol, ASHRAE 135. A communications 

protocol allowing devices to communicate data over and services over a network. 
2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of 

BACnet functionality that is needed to perform a particular task. BIBBs are combined to 
build the BACnet functional requirements for a device. 

3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet 
messages over IP networks. A BACnet/IP network is a collection of one or more IP 
subnetworks that share the same BACnet network number. 

4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for 
compliance with ASHRAE 135, operated under direction of BACnet International. 
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5. PICS (Protocol Implementation Conformance Statement): Written document that 
identifies the particular options specified by BACnet that are implemented in a device. 

D. Binary: Two-state signal where a high signal level represents ON" or "OPEN" condition and a 
low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used 
interchangeably with "Binary" to indicate a two-state signal. 

E. Controller: Generic term for any standalone, microprocessor-based, digital controller residing 
on a network, used for local or global control. Three types of controllers are indicated: Network 
Controller, Programmable Application Controller, and Application-Specific Controller. 

F. Control System Integrator: An entity that assists in expansion of existing enterprise system and 
support of additional operator interfaces to I/O being added to existing enterprise system. 

G. COV: Changes of value. 

H. DDC: Direct Digital Controls. 

I. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer 
and responsible for execution of DDC system Work indicated. 

J. Distributed Control: Processing of system data is decentralized and control decisions are made 
at subsystem level. System operational programs and information are provided to remote 
subsystems and status is reported back. On loss of communication, subsystems shall be capable 
of operating in a standalone mode using the last best available data. 

K. Gateway: Bidirectional protocol translator that connects control systems that use different 
communication protocols. 

L. I/O: System through which information is received and transmitted. I/O refers to analog input 
(AI), binary input (BI), analog output (AO) and binary output (BO). Analog signals are 
continuous and represent control influences such as flow, level, moisture, pressure, and 
temperature. Binary signals convert electronic signals to digital pulses (values) and generally 
represent two-position operating and alarm status. "Digital," (DI and (DO), is sometimes used 
interchangeably with "Binary," (BI) and (BO), respectively. 

M. JACE: Java Application Control Engine. 

N. LAN: Local area network. 

O. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or 
for remote-control, signaling power-limited circuits. 

P. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular 
data network and running a native control application or accessing a web interface. 

Q. MS/TP: Master-slave/token-passing, IEE 8802-3. Datalink protocol LAN option that uses 
twisted-pair wire for low-speed communication. 

R. MTBF: Mean time between failures. 
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S. Network Controller: Digital controller, which supports a family of programmable application 
controllers and application-specific controllers, that communicates on peer-to-peer network for 
transmission of global data. 

T. Network Repeater: Device that receives data packet from one network and rebroadcasts it to 
another network. No routing information is added to protocol. 

U. Peer to Peer: Networking architecture that treats all network stations as equal partners. 

V. POT: Portable operator's terminal. 

W. RAM: Random access memory. 

X. Router: Device connecting two or more networks at network layer. 

Y. Server: Computer used to maintain system configuration, historical and programming database. 

Z. SQL: Structured Query Language. 

AA. USB: Universal Serial Bus. 

BB. User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying 
protocol. 

CC. VAV: Variable air volume. 

DD. WAN: Wide-area network.  

1.6 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.7 ACTION SUBMITTALS 

A. Product Data: For each type of product include the following: 
1. Construction details, material descriptions, dimensions of individual components and 

profiles, and finishes. 
2. 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. 

3. Product description with complete technical data, performance curves, and product 
specification sheets. 

4. Installation, operation and maintenance instructions including factors affecting 
performance. 

5. Bill of materials of indicating quantity, manufacturer, and extended model number for 
each unique product. 
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a. DDC controllers. 
b. Enclosures. 
c. Electrical power devices. 
d. Accessories. 
e. Instruments. 
f. Control dampers and actuators. 
g. Control valves and actuators. 

6. When manufacturer's product datasheets apply to a product series rather than a specific 
product model, clearly indicate and highlight only applicable information. 

B. Software Submittal: 
1. Description and technical data of all software provided, and cross-referenced to products 

in which software will be installed. 
2. Include a flow diagram and an outline of each subroutine that indicates each program 

variable name and units of measure. 
3. Description of operator interface to alphanumeric and graphic programming. 
4. Description of each network communication protocol. 
5. Description of system database, including all data included in database, database capacity 

and limitations to expand database. 
6. Description of each application program and device drivers to be generated, including 

specific information on data acquisition and control strategies showing their relationship 
to system timing, speed, processing burden and system throughout. 

7. 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. 

C. Shop Drawings: 

1. General Requirements: 
a. Include cover drawing with Project name, location, Owner, Engineer, Contractor 

and issue date with each Shop Drawings submission. 
b. Include a drawing index sheet listing each drawing number and title that matches 

information in each title block. 
 

2. DDC system network riser diagram indicating the following: 

a. Each device connected to network with unique identification for each. 
b. Interconnection of each different network in DDC system. 
c. For each network, indicate communication protocol, speed and physical means of 

interconnecting network devices, such as copper cable type, or optical fiber cable 
type. Indicate raceway type and size for each. 

3. DDC system electrical power riser diagram indicating the following: 

a. Each point of connection to field power with requirements 
(volts/phase/hertz/amperes/connection type) listed for each. 

b. Each control power supply. 
c. Each product requiring power with requirements 

(volts/phase//hertz/amperes/connection type) listed for each. 
d. Power wiring type and size, race type, and size for each. 
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4. Monitoring and control signal diagrams indicating the following: 

a. Control signal cable and wiring between controllers and I/O. 
b. Point-to-point schematic wiring diagrams for each product. 

D. System Description: 

1. Full description of DDC system architecture, network configuration, operator interfaces 
and peripherals, servers, controller types and applications, routers and other network 
devices, and power supplies. 

2. Complete listing and description of each report, log and trend for format and timing and 
events which initiate generation. 

3. System and product operation under each potential failure condition including, but not 
limited to, the following: 

a. Loss of power. 
b. Loss of network communication signal. 
c. Loss of controller signals to inputs and outpoints. 
d. Server failure. 
e. Network failure. 
f. Controller failure. 
g. Instrument failure. 
h. Control damper and valve actuator failure. 

4. Complete bibliography of documentation and media to be delivered to Owner. 
5. Description of testing plans and procedures. 
6. Description of Owner training. 

E. Delegated-Design Submittal: For DDC system products and installation indicated as being 
delegated. 

1. Supporting documentation showing DDC system design complies with performance 
requirements indicated, including calculations and other documentation necessary to 
prove compliance. 

2. Schedule and design calculations for control dampers and actuators. 

a. Flow at Project design and minimum flow conditions. 
b. Face velocity at Project design and minimum airflow conditions. 
c. Maximum close-off pressure. 
d. Torque required at worst case condition for sizing actuator. 
e. Actuator selection indicating torque provided. 
f. Actuator signal to control damper (on, close or modulate). 
g. Actuator position on loss of power. 
h. Actuator position on loss of control signal. 

3. Schedule and design calculations for control valves and actuators. 

a. Flow at Project design and minimum flow conditions. 
b. Maximum close-off pressure. 
c. Torque required at worst case condition for sizing actuator. 
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d. Actuator selection indicating torque provided. 
e. Actuator signal to control damper (on, close or modulate). 
f. Actuator position on loss of power. 
g. Actuator position on loss of control signal. 

4. Schedule and design calculations for selecting flow instruments. 

a. Instrument flow range. 
b. Project design and minimum flow conditions with corresponding accuracy, control 

signal to transmitter and output signal for remote control. 
c. Extreme points of extended flow range with corresponding accuracy, control signal 

to transmitter and output signal for remote control. 
d. Pressure-differential loss across instrument at Project design flow conditions. 
e. Where flow sensors are mated with pressure transmitters, provide information for 

each instrument separately and as an operating pair. 

1.8 INFORMATIONAL SUBMITTALS 

A. Manufacturer's qualification data. 

B. Product Certificates: 

1. Data Communications Protocol Certificates: Certifying that each proposed DDC system 
component complies with ASHRAE 135. 

C. Product Test Reports: For each product that requires testing to be performed by a qualified 
testing agency. 

D. Field quality-control reports. 

E. Sample Warranty: For manufacturer's warranty. 

1.9 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For DDC system to include in operation and maintenance 
manuals. Provide one hardcopy of the O&M manual, an electronic PDF copy of the O&M 
manual on a flash drive, and one separate full-size set of as-built control drawings.  

1. Include the following: 

a. Project Record Drawings of as-built versions of submittal Shop Drawings.  
b. Testing reports and checklists of completed final versions of reports, checklists, 

and trend logs. 
c. As-built versions of submittal Product Data. 
d. Names, addresses, e-mail addresses and 24-hour telephone numbers of Installer 

and service representatives for DDC system and products. 



WHITE MOUNTAIN COMMUNITY COLLEGE 
BERLIN MECHANICAL AND ELECTRICAL UPGRADES 
ADDENDUM 3 – 9/3/2024   
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 10 

e. Operator's manual with procedures for operating control systems including logging 
on and off, handling alarms, producing point reports, trending data, overriding 
computer control and changing set points and variables. 

f. Programming manuals with description of programming language and syntax, of 
statements for algorithms and calculations used, of point database creation and 
modification, of program creation and modification, and of editor use. 

g. Engineering, installation, and maintenance manuals that explain how to: 

1) Design and install new points, panels, and other hardware. 
2) Perform preventive maintenance and calibration. 
3) Debug hardware problems. 
4) Repair or replace hardware. 

h. Documentation of all programs created using custom programming language 
including set points, tuning parameters, and object database. 

i. Backup copy of graphic files, programs, and database on electronic media such as 
DVDs. 

j. List of recommended spare parts with part numbers and suppliers. 
k. Complete original-issue documentation, installation, and maintenance information 

for furnished third-party hardware including computer equipment and sensors. 
l. Complete original-issue copies of furnished software, including operating systems, 

custom programming language, and graphics software. 
m. Licenses, guarantees, and warranty documents. 
n. Recommended preventive maintenance procedures for system components, 

including schedule of tasks such as inspection, cleaning, and calibration; time 
between tasks; and task descriptions. 

o. Owner training materials. 

1.10 QUALITY ASSURANCE 

A. The Contractor must be a direct, wholly owned branch of a national control's manufacturer, or a 
representative not a wholesale distributor. 

B. Quality of Compliance: Control systems shall be installed by trained control mechanics 
regularly employed in installation and calibration of BAS equipment by the manufacturer of the 
proposed equipment to be installed. 

C. Contractor Requirements 
 

1. Contractor must be an authorized and approved representative of, and trained by, the 
DDC system manufacturer. 

2. Each person assigned to Project shall have demonstrated past experience. 
3. Staffing resources of competent and experienced full-time employees that are assigned to 

execute work according to schedule. 
4. Service and maintenance staff assigned to support Project during warranty period. 
5. The BAS Contractor shall have an established 24-hour emergency service organization. 

A dedicated telephone number shall be provided to the Owner for requesting emergency 
service. The BAS Contractor shall guarantee that within a maximum of four hours, the 
electronic service technicians shall be on site.  
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D. DDC System Manufacturer Qualifications: 

1. Nationally recognized manufacturer of DDC systems and products. 
2. DDC systems with similar requirements to those indicated for a continuous period of five 

years within time of Bid. 
3. DDC systems and products that have been successfully tested and in use on at least ten 

past projects. 
4. Having complete published catalog literature, installation, operation and maintenance 

manuals for all products intended for use. 
5. Having full-time in-house employees for the following: 

a. Product research and development. 
b. Product and application engineering. 
c. Product manufacturing, testing and quality control. 
d. Technical support for DDC system installation training and troubleshooting of 

installations. 
e. Owner operator training. 

1.11 SOFTWARE LICENSE AGREEMENT 

A.  The Owner shall be the named license holder of all software associated with any and all work 
on the project.  
 

B. The Owner shall agree to the manufacturer's standard software and firmware licensing 
agreement as a condition of this contract. Such license shall grant use of all programs and 
application software to Owner as defined by the manufacturer's license agreement, but shall 
protect manufacturer's rights to disclosure of trade secrets contained within such software. 

 
C. The Owner must receive ownership of all job specific software configuration documentation, 

data files, and application-level software developed for the project. This must include all 
custom, job specific software code and documentation for all configuration and 
programming that is generated for a given project and /or configured for use within Niagara 
N4 Framework (Niagara) based controllers and/or servers and any related LAN / WAN / 
Intranet and all connected routers and devices.    

1.12 WARRANTY 

A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace products that fail 
in materials or workmanship within specified warranty period. 

1. Failures shall be adjusted, repaired, or replaced at no additional cost or reduction in 
service to Owner. 

2. Include updates or upgrades to software and firmware if necessary to resolve 
deficiencies. 

a. Install updates only after receiving Owner's written authorization. 
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3. Warranty service shall occur during normal business hours and commence within 16 
hours of Owner's warranty service request. 

4. Warranty Period:  One year from date of Substantial Completion. 
5. Extended Installer Warranty: Five years from date of Substantial Completion.  

PART 2 - PRODUCTS 
 
2.1 ACCEPTABLE MANUFACTURERS 

 
A. System must operate on an open licensed JACE, no Appliance may be used.  

 
1. Tridium Vykon 
2. Distech 
3. Johnson Controls Facility Explorer 
4. Approved equal.  

a. Substitute manufacturers must be submitted during the Bid process and no 
substitutes will be accepted after the contract is awarded.  

 
2.2 OPEN, INTEROPERABLE, INTEGRATED ARCHITECTURES 

 
A. The intent of this specification is to provide a peer-to-peer networked, stand-alone, distributed 

control system with the capability to integrate ANSI/ASHRAE Standard 135-2001 BACnet™ 
technology, MODBUS™, OPC, and other open and non-proprietary communication 
protocols into one open, interoperable system. 

 
B. The supplied computer software must 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 135-2001 and Open Protocol to 
assure interoperability between all system components is required.  For each Open Protocol 
device, the device supplier must provide a PICS document showing the installed device’s 
compliance level.  Minimum compliance is Level 3; with the ability to support data read and 
write functionality.  Physical connection of Open Protocol devices must be via Ethernet, 
and/or RS-485, and/or RS-232. 

 
C. All  components and controllers supplied under this Division shall be true “peer-to-peer” 

communicating devices. Components or controllers requiring “polling”  by a host to pass data 
shall not be acceptable. 

 
D. The supplied system must incorporate the ability to access all data using standard Web 

browsers without requiring proprietary operator interface and configuration programs. 
Systems requiring proprietary database and user interface programs shall not be 
acceptable. 

 
E. 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. 
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2.3 NETWORK AREA CONTROLLER (NAC) 

A. The contractor must supply one or more Network Area Controllers (NAC, also referred to 
as JACE) as part of this contract.  Number of area controllers required is dependent on the 
type and quantity of devices installed in the building.  It is the responsibility of the 
contractor to field verify the quantity and type of devices. 
 

B. The Network Area Controller (NAC) must provide the interface between the LAN or WAN 
and the field control devices, and provide global supervisory control functions over the 
control devices connected to the NAC.  It must be capable of executing application control 
programs to provide: 

1. Calendar functions 
2. Scheduling 
3. Trending 
4. Alarm monitoring and routing 
5. Time synchronization  
6. Integration of Open Protocol controller data  
7. Network Management functions for Open Protocol based devices 

 
C. The Network Area Controller must provide the following hardware features as a minimum: 

1. One Ethernet Port – 10/100 Mbps  
2. One RS-232 port 
3. One RS-485 port if Open Protocol controllers are used. 
4. Battery Backup  
5. Flash memory for long term data backup (If battery backup or flash memory is not 

supplied, the controller must contain a hard disk with at least 1 gigabyte storage 
capacity) 

6. The NAC must be capable of operation over a temperature range of 32 to 122°F 
7. The NAC must be capable of withstanding storage temperatures of between 0 and 

158°F 
8. The NAC must be capable of operation over a humidity range of 5 to 95% RH, non-

condensing  
 

D. The NAC must support standard Web browser access via the Intranet/Internet.  It must 
support a minimum of 32 simultaneous users. 

 
E. Event Alarm Notification and actions 

1. The NAC must provide alarm recognition, storage; routing, management, and analysis 
to supplement distributed capabilities of equipment or application specific controllers. 

2. The NAC must be able to route any alarm condition to any defined user location. 
3. Alarm generation must be selectable for annunciation type and acknowledgement 

requirements including, but not limited to: 

a. In alarm 
b. Return to normal 
c. Fault condition 
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4. Provide for the creation of a minimum of eight alarm classes for the purpose of 
routing types and/or classes of alarms, i.e.: security, HVAC, Fire, etc. 

5. Provide timed (schedule) routing of alarms by class, object, group, or node. 

6. Provide alarm generation from binary object “runtime” and/or event counts for 
equipment maintenance.  The user must be able to reset runtime or event count values 
with appropriate password control. 

F. Controller and network failures must be treated as alarms and annunciated. 
 

G. Alarms must be capable of being annunciated in any of the following manners as defined 
by the user: 

1. Screen message text 
2. Email of the complete alarm message to multiple recipients via the Owner’s e-mail 

service.  Provide the ability to route and email alarms based on:  

a. Day of week 
b. Time of day 
c. Recipient 

 
3. Pagers via paging services that initiate a page on receipt of email message via the 

Owner’s e-mail service 

4. Graphic with flashing alarm object(s) 

H. The following must be recorded by the NAC for each alarm (at a minimum): 

1. Time and date 
2. Location (building, floor, zone, office number, etc.) 
3. Equipment (air handler #, access way, etc.) 
4. Acknowledge time, date, and user who issued acknowledgement. 
5. Number of occurrences since last acknowledgement.  

 
I. Alarm actions may be initiated by user defined programmable objects created for that 

purpose. 
 

J. Defined users must be given proper access to acknowledge any alarm, or specific types or 
classes of alarms defined by the user. 

 
K. A log of all alarms must be maintained by the NAC and/or a server (if configured in the 

system) and must be available for review by the user.   
 

L. Provide a “query” feature to allow review of specific alarms by user defined parameters. 
 

M. A separate log for system alerts (controller failures, network failures, etc.) must be provided 
and available for review by the user. 

N. An Error Log to record invalid property changes or commands must be provided and 
available for review by the user. 
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2.4 DATA COLLECTION AND STORAGE 

A. The NAC must have the ability to collect data for any property of any object and store this 
data for future use. 
 

B. The data collection must be performed by log objects, resident in the NAC that must have, 
at a minimum, the following configurable properties: 

1. Designating the log as interval or deviation. 
2. For interval logs, the object must be configured for time of day, day of week and the 

sample collection interval. 
3. For deviation logs, the object must be configured for the deviation of a variable to a 

fixed value.  This value, when reached, will initiate logging of the object. 
4. For all logs, provide the ability to set the maximum number of data stores for the log 

and to set whether the log will stop collecting when full, or rollover the data on a first-
in, first-out basis. 

5. Each log must have the ability to have its data cleared on a time-based event or by a 
user-defined event or action. 
 

C. All log data must be stored in a relational database in the NAC and the data must be 
accessed from a server (if the system is so configured) or a standard Web browser. 

D. All log data must be available to the user in the following data formats: 

1. HTML 
2. XML  
3. Plain Text 
4. Comma or tab separated values 
5. PDF 

E. Systems that do not provide log data in HTML and XML formats at a minimum must not 
be acceptable.  

F. The NAC must have the ability to archive its log data either locally (to itself), or remotely 
to a server or other NAC on the network.  Provide the ability to configure the following 
archiving properties, at a minimum: 

1. Archive on time of day 
2. Archive on user-defined number of data stores in the log (buffer size) 
3. Archive when log has reached its user-defined capacity of data stores 
4. Provide ability to clear logs once archived 

2.5 AUDIT LOG 

A. Provide and maintain an Audit Log that tracks all activities performed on the NAC.  
Provide the ability to specify a buffer size for the log and the ability to archive log based on 
time or when the log has reached its user-defined buffer size.  Provide the ability to archive 
the log locally (to the NAC), to another NAC on the network, or to a server.  For each log 
entry, provide the following data: 

1. Time and date 
2. User ID 
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3. Change or activity: i.e., Change setpoint, add or delete objects, commands, etc. 

2.6 DATABASE BACKUP AND STORAGE 

A. The NAC must have the ability to automatically backup its database.  The database must be 
backed up based on a user-defined time interval. 
 

B. Copies of the current database and, at the most recently saved database must be stored in 
the NAC.  The age of the most recently saved database is dependent on the user-defined 
database save interval. 

 
C. The NAC database must be stored, at a minimum, in XML format to allow for user viewing 

and editing, if desired.  Other formats are acceptable as well, as long as XML format is 
supported. 

2.7 GRAPHICAL USER INTERFACE SOFTWARE 

A. The GUI must employ browser-like functionality for ease of navigation.  It must include a 
tree view (similar to Windows Explorer) for quick viewing of, and access to, the 
hierarchical structure of the database.  In addition, menu-pull downs, and toolbars must 
employ buttons, commands and navigation to permit the operator to perform tasks with a 
minimal knowledge of the HVAC Control System and basic computing skills.  These must 
include, but are not limited to, forward/backward buttons, home button, and a context 
sensitive locator line (similar to a URL line), that displays the location and the selected 
object identification. 

 
B. Real-Time Displays. The GUI, must at a minimum, support the following graphical 

features and functions: 

1. Graphic screens must be developed using any drawing package capable of generating a 
GIF, PNG, or JPG file format.  Use of proprietary graphic file formats must not be 
acceptable. In addition to, or in lieu of, a graphic background the GUI must support the 
use of scanned pictures. 

2. Graphic screens must have the capability to contain objects for text, real-time values, 
animation, color spectrum objects, logs, graphs, HTML or XML document links, 
schedule objects, hyperlinks to other URL’s, and links to other graphic screens. 

3. Graphics must support layering and each graphic object must be configurable for 
assignment to a layer.  A minimum of six layers must be supported. 

4. Modifying common application objects, such as schedules, calendars, and set points must 
be accomplished in a graphical manner. 
a. Schedule times will be adjusted using a graphical slider, without requiring any 

keyboard entry from the operator. 
b. Holidays must be set by using a graphical calendar without requiring any keyboard 

entry from the operator. 
5. Commands to start and stop binary objects must be done by right-clicking the selected 

object and selecting the appropriate command from the pop-up menu.  No text entry must 
be required. 

6. Adjustments to analog objects, such as set points, must be done by right-clicking the 
selected object and using a graphical slider to adjust the value. No text entry must be 
required 

C. System Configuration. At a minimum, the GUI must permit the operator to perform the 
following tasks, with proper password access: 
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1. Create, delete, or modify control strategies. 
2. Add or delete objects to the system. 
3. Tune control loops through the adjustment of control loop parameters.  
4. Enable or disable control strategies. 
5. Generate hard copy records or control strategies on a printer.  

a. Select points to be alarm-able and define the alarm state. 
b. Select points to be trended over a period of time and initiate the recording of values 
automatically. 

D. On-Line Help.  Provide a context sensitive on-line help system to assist the operator in 
operation and editing of the system.  On-line help must be available for all applications and 
must provide the relevant data for the currently displayed screen.   Additional help 
information must be available through the use of hypertext. All system documentation and 
help files must be in HTML format. 

E. Security.   Each operator must be required to log on to the system with a user name and 
password in order to view, edit, add, or delete data.  System security must be selectable for 
each operator.  The system administrator must have the ability to set passwords and security 
levels for all other operators.  Each operator password must be able to restrict the operators’ 
access for viewing and/or changing each system application, full screen editor, and object. 
Each operator must automatically be logged off the system if no keyboard or mouse activity 
is detected for a specified time.  This auto log-off time must be set per operator password. 
All system security data must be stored in an encrypted format. 

F. System Diagnostics. The  system  must  automatically  monitor  the  operation  of  all 
network connections, building management panels, and controllers. The failure of any 
device must be annunciated to the operator. 

G. Alarm Console 

1. The system must be provided with a dedicated alarm window or  console.   This 
window will notify the operator of an alarm condition and allow the operator to view 
details of the alarm and acknowledge the alarm.  The use of the Alarm Console may be 
enabled or disabled by the system administrator. 
2. When the Alarm Console is enabled, a separate alarm notifi cation window will 
supersede all other windows on the desktop and must not be capable of being minimized 
or closed by the operator. This window wil l notify the operator of new alarms and 
unacknowledged alarms. Alarm notification windows or banners that can be minimized 
or closed by the operator must not be acceptable. 

2.8 WEB BROWSER CLIENTS 

A. The system must be capable of supporting an unlimited number of clients using a standard 
Web browser such as Internet Explorer, Firefox, etc.  Systems requiring additional software 
(to enable a standard Web browser) to be resident on the client machine, or manufacture-
specific browsers must not be acceptable. 

B. The Web browser software must run on any operating system and system configuration that 
is supported by the Web browser.  Systems that require specific machine requirements in 
terms of processor speed, memory, etc., in order to allow the Web browser to function with 
the BAS, must not be acceptable. 

C. The Web browser must provide the same view of the system, in terms of graphics, 
schedules, calendars, logs, etc., and provide the same interface methodology as is provided 
by the Graphical User Interface (if used).  Systems that require different graphic views, 
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different means of graphic generation, or that require different means of interacting with 
objects such as schedules, or logs, must not be permitted. 

D. The Web browser client must support at a minimum, the following functions: 

1. User log-on identification and password must be required. If an unauthorized 
user attempts access, a blank web page must be displayed.   Security using Java 
authentication and encryption techniques to prevent unauthorized access must be 
implemented. 

2. Graphical screens developed for the GUI must be the same screens used for the 
Web browser cli ent. Any animated graphical objects supported by the GUI must be 
supported by the Web browser interface. 

3. HTML programming must not be required to display system graphics or data on 
a Web page.   HTML editing of the Web page must be allowed if the user 
desires a specific look or format. 

4. Storage of the graphical screens must be in the Network Area Controller (NAC), 
without requiring any graphics to be stored on the client machine.  Systems that 
require graphics storage on each client are not acceptable. 

5. Real-time values displayed on a Web page must update automatically without 
requiring a manual “refresh” of the Web page. 

6. Users must have administrator-defined access privileges.   Depending on the access 
privileges assigned, the user must be able to perform the following: 

a. Modify common application objects, such as schedules, calendars, and set points 
in a graphical manner.  

1) Schedule times will be adjusted using a graphical slider, without requiring 
any keyboard entry from the operator. 

2) Holidays must be set by using a graphical calendar, without requiring any 
keyboard entry from the operator. 

3) Commands to start and stop binary objects must be done by right-clicking the 
selected object and selecting the appropriate command from the pop-up 
menu. No text entry must be required. 

4) View logs and charts 

5) View and acknowledge alarms 

6) Setup and execute SQL queries on log and archive information 

7. The system must provide the capability to specify a user’s (as determined by the log- 
on user identification) home page.  Provide the ability to set a specific home page for 
each user.  From the home page, links to other views, or pages in the system must be 
possible, if allowed by the system administrator. 

8. Graphic screens on the Web Browser client must support hypertext links to other 
locations on the Internet or on Intranet sites, by specifying the Uniform Resource 
Locator (URL) for the desired link. 

2.9 SYSTEM CONFIGURATION TOOL  

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

B. A library of control, application, and graphic objects must 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 
must be created in the same fashion.  Data for the user displays is obtained by graphically 
linking the user display objects to the application objects to provide “real-time” data 
updates. Any real-time data value or object property may be connected to display its current 
value on a user display. Systems requiring separate software tools or processes to create 
applications and user interface displays must not be acceptable. 

C. Programming Methods 

1. Provide the capability to copy objects from the supplied libraries, or from a user-
defined library to the user’s application.  Objects must be linked by a graphical linking 
scheme by dragging a link from one object to another.  Object links will support one-
to-one, many-to-one, or one-to-many relationships.  Linked objects must maintain 
their connections to other objects regardless of where they are positioned on the page 
and must show link identification for links to objects on other pages for easy 
identification.  Links will vary in color depending on the type of link; i.e., internal, 
external, hardware, etc. 

2. Configuration of each object will be done through the object’s property sheet using 
fill -in the blank fields, list boxes, and selection buttons.  Use of custom programming, 
scripting language, or a manufacturer-specific procedural language for configuration 
will not be accepted. 

3. The software must provide the ability to view the logic in a monitor mode.  When on-
line, the monitor mode must provide the ability to view the logic in real time for easy 
diagnosis of the logic execution.  When off-line (debug), the monitor mode must 
allow the user to set values to inputs and monitor the logic for diagnosing execution 
before it is applied to the system. 

4. The system must support object duplication within a customer’s database.  An 
application, once configured, can be copied and pasted for easy re-use and 
duplication.  All links, other than to the hardware, must be maintained during 
duplication. 

2.10 LIBRARY 

A. A standard library of objects must be included for development and setup of application 
logic, user interface displays, system services, and communication networks. 

B. The objects in this library must be capable of being copied and pasted into the user’s 
database and must be organized according to their function.  In addition, the user must have 
the capability to group objects created in their application and store the new instances of 
these objects in a user-defined library. 

C. In addition to the standard libraries specified here, the supplier of the system must maintain 
an on-line accessible (over the Internet) library, available to all registered users to provide 
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new or updated objects and applications as they are developed.  

D. All control objects must conform to the control objects specified in the Open Protocol 
specification. 

E. The library must include applications or objects for the following functions, at a minimum: 

1. Scheduling Object.  The schedule must conform to the schedule object as defined in 
the Open Protocol specification, providing 7-day plus holiday & temporary scheduling 
features and a minimum of 10 on/off events per day.  Data entry to be by graphical 
sliders to speed creation and selection of on-off events. 

2. Calendar Object.  The calendar must conform to the calendar object as defined in the 
Open Protocol specification, providing 12-month calendar features to allow for 
holiday or special event data entry. Data entry to be by graphical “point-and-click” 
selection. This object must be “linkable” to any or all scheduling objects for effective 
event control. 

3. Duty Cycling Object.  Provide a universal duty cycle object to allow repetitive on/off 
time control of equipment as an energy conserving measure.  Any number of these 
objects may be created to control equipment at varying intervals 

4. Temperature Override Object.  Provide a temperature override object that is capable 
of overriding equipment turned off by other energy saving programs (scheduling, duty 
cycling etc.) to maintain occupant comfort or for equipment freeze protection. 

5. Start-Stop Time Optimization Object.  Provide a start-stop time optimization object to 
provide the capability of starting equipment just early enough to bring space 
conditions to desired conditions by the scheduled occupancy time.  Also, allow 
equipment to be stopped before the scheduled un-occupancy time just far enough 
ahead to take advantage of the building’s “flywheel” effect for energy savings.  
Provide automatic tuning of all start / stop time object properties based on the 
previous day’s performance. 

6. Demand Limiting Object.  Provide a comprehensive demand-limiting object that is 
capable of controlling demand for any selected energy utility (electric, oil, and gas).  
The object must provide the capability of monitoring a demand value and predicting 
(by use of a sliding window prediction algorithm) the demand at the end of the user 
defined interval period (1-60 minutes).  This object must also accommodate a utility 
meter time sync pulse for fixed interval demand control. Upon a prediction that will 
exceed the user defined demand limit (supply a minimum of 6 per day), the demand 
limiting object must issue shed commands to either turn off user specified loads or 
modify equipment set points to effect the desired energy reduction.  If the list of 
sheddable equipment is not enough to reduce the demand to below the set point, a 
message must be displayed on the users screen (as an alarm) instructing the user to 
take manual actions to maintain the desired demand.  The shed lists are specified by 
the user and must be selectable to be shed in either a fixed or rotating order to control 
which equipment is shed the most often.  Upon suitable reductions in demand, the 
demand-limiting object must restore the equipment that was shed in the reverse order 
in which it was shed.  Each sheddable object must have a minimum and maximum 
shed time property to affect both equipment protection and occupant comfort. 

F. The library must include control objects for the following functions. All control objects 
must conform to the objects as specified in the Open Protocol specification. 
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1. Analog Input Object - Minimum requirement is to comply with the Open Protocol 
standard for data sharing.  Allow high, low and failure limits to be assigned for 
alarming.  Also, provide a time delay filter property to prevent nuisance alarms caused 
by temporary excursions above or below the user defined alarm limits.   

2. Analog Output Object - Minimum requirement is to comply with the Open Protocol 
standard for data sharing. 

3. Binary Input Object - Minimum requirement is to comply with the Open Protocol 
standard for data sharing.  The user must be able to specify either input condition for 
alarming.  This object must also include the capability to record equipment run-time 
by counting the amount of time the hardware input is in an “on” condition.  The user 
must be able to specify either input condition as the “on” condition. 

4. Binary Output Object - Minimum requirement is to comply with the Open Protocol 
standard for data sharing.  Properties to enable minimum on and off times for 
equipment protection as well as interstart delay must be provided.  The Open Protocol 
Command Prioritization priority scheme must be incorporated to allow multiple 
control applications to execute commands on this object with the highest priority 
command being invoked.  Provide sixteen levels of priority as a minimum. Systems 
not employing the Open Protocol method of contention resolution must not be 
acceptable. 

5. PID Control Loop Object - Minimum requirement is to comply with the Open 
Protocol standard for data sharing.  Each individual property must be adjustable as 
well as to be disabled to allow proportional control only, or proportional with integral 
control, as well as proportional, integral and derivative control.   

6. Comparison Object - Allow a minimum of two analog objects to be compared to 
select either the highest, lowest, or equality between the two linked inputs. Also, allow 
limits to be applied to the output value for alarm generation. 

7. Math Object - Allow a minimum of four analog objects to be tested for the minimum 
or maximum, or the sum, difference, or average of linked objects.  Also, allow limits 
to be applied to the output value for alarm generation. 

8. Custom Programming Objects - Provide a blank object template for the creation of 
new custom objects to meet specific user application requirements.  This object must 
provide a simple BASIC-like programming language that is used to define object 
behavior. Provide a library of functions including math and logic functions, string 
manipulation, and e-mail as a minimum. Also, provide a comprehensive on-line debug 
tool to allow complete testing of the new object.  Allow new objects to be stored in 
the library for re-use.   

9. Interlock Object - Provide an interlock object that provides a means of coordination of 
objects within a piece of equipment such as an Air Handler or other similar types of 
equipment. An example is to link the return fan to the supply fan such that when the 
supply fan is started, the return fan object is also started automatically without the user 
having to issue separate commands or to link each object to a schedule object.  In 
addition, the control loops, damper objects, and alarm monitoring (such as return air, 
supply air, and mixed air temperature objects) will be inhibited from alarming during 
a user-defined period after startup to allow for stabilization.  When the air handler is 
stopped, the interlocked return fan is also stopped, the outside air damper is closed, 
and other related objects within the air handler unit are inhibited from alarming 
thereby eliminating nuisance alarms during the off period. 

10. Temperature Override Object - Provide an object whose purpose is to provide the 
capability of overriding a binary output to an “On” state in the event a user specified 
high or low limit value is exceeded. This object is to be linked to the desired binary 
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output object as well as to an analog object for temperature monitoring, to cause the 
override to be enabled. This object will execute a Start command at the Temperature 
Override level of start/stop command priority unless changed by the user. 

11. Composite Object - Provide a container object that allows a collection of objects 
representing an application to be encapsulated to protect the application from 
tampering, or to more easily represent large applications.  This object must have the 
ability to allow the user to select the appropriate parameters of the “contained” 
application that are represented on the graphical shell of this container.   

G. The object library must include objects to support the integration of devices connected to 
the Network Area Controller (NAC).  At a minimum, provide the following as part of the 
standard library included with the programming software: 

1. For Open Protocol devices, provide the following objects at a minimum: 

a. Analog In 
b. Analog Out 
c. Analog Value 
d. Binary 
e. Binary In 
f. Binary Out 
g. Binary Value 
h. Multi -State In 
i. Multi -State Out 
j. Multi -State Value 
k. Schedule Export 
l. Calendar Export 
m. Trend Export 
n. Device 

2. For each Open Protocol object, provide the ability to assign the object an Open 
Protocol device and object instance number. 

3. For Open Protocol devices, provide the following support at a minimum 

a. Segmentation 
b. Segmented Request 
c. Segmented Response 
d. Application Services 
e. Read Property 
f. Read Property Multiple 
g. Write Property 
h. Who-has 
i. I-have 
j. Who-is 
k. I-am 
l. Media Types 
m. Ethernet 
n. Open Protocol IP Annex J 
o. MSTP 
p. Open Protocol Broadcast Management Device (BBMD) function 
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q. Routing 

2.11 DDE DEVICE INTEGRATION 

A. The Network Area Controller must support the integration of device data via Dynamic Data 
Exchange (DDE), over the Ethernet Network.  The Network Area Controller must act as a 
DDE client to another software application that functions as a DDE server. 

B. Provide the required objects in the library, included with the Graphical User Interface 
programming software, to support the integration of these devices into the BAS.  Objects 
provided must include at a minimum: 

1. DDE Generic AI Object 
2. DDE Generic AO Object 
3. DDE Generic BO Object 
4. DDE Generic BI Object 

 
2.12 PERFORMANCE REQUIREMENTS 

A. DDC System Speed: 

1. Response Time of Connected I/O: 

a. AI point values connected to DDC system shall be updated at least every five 
seconds for use by DDC controllers. Points used globally shall also comply with 
this requirement. 

b. BI point values connected to DDC system shall be updated at least every five 
seconds for use by DDC controllers. Points used globally shall also comply with 
this requirement. 

c. AO points connected to DDC system shall begin to respond to controller output 
commands within two second(s). Global commands shall also comply with this 
requirement. 

d. BO point values connected to DDC system shall respond to controller output 
commands within two second(s). Global commands shall also comply with this 
requirement. 

2. Display of Connected I/O: 

a. Analog point COV connected to DDC system shall be updated and displayed at 
least every 10 seconds for use by operator. 

b. Binary point COV connected to DDC system shall be updated and displayed at 
least every 10 seconds for use by operator. 

c. Alarms of analog and digital points connected to DDC system shall be displayed 
within 45 seconds of activation or change of state. 

d. Graphic display refresh shall update within eight seconds. 
e. Point change of values and alarms displayed from workstation to workstation when 

multiple operators are viewing from multiple workstations shall not exceed graphic 
refresh rate indicated. 

B. Network Bandwidth: Design each network of DDC system to include at least 30 percent 
available spare bandwidth with DDC system operating under normal and heavy load conditions 
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indicated. Calculate bandwidth usage, and apply a safety factor to ensure that requirement is 
satisfied when subjected to testing under worst case conditions. 

C. DDC System Data Storage: 

1. Include capability to archive not less than 24 consecutive months of historical data for all 
I/O points connected to system, including alarms, event histories, transaction logs, trends 
and other information indicated. 

2. Cloud Storage: 

a. Connect to existing Niagara N4 cloud-based server. Cloud storage shall use IT 
industry standard database platforms and be capable of functions described in 
"DDC Data Access" Paragraph. 

D. DDC Data Access: 

1. When logged into the system, operator shall be able to also interact with any DDC 
controller connected to DDC system as required for functional operation of DDC system. 

2. System(s) shall be used for application configuration; for archiving, reporting and 
trending of data; for operator transaction archiving and reporting; for network 
information management; for alarm annunciation; and for operator interface tasks and 
controls application management. 

E. Future Expandability: 

1. DDC system size shall be expandable to an ultimate capacity of at least two times total 
I/O points indicated. 

2. Additional DDC controllers, I/O and associated wiring shall be all that is needed to 
achieve ultimate capacity. Initial network infrastructure shall be designed and installed to 
support ultimate capacity. 

3. Operator interfaces installed initially shall not require hardware and software additions 
and revisions for ultimate capacity. 

F. Environmental Conditions for Controllers: 

1. Products shall operate without performance degradation under ambient environmental 
temperature, pressure and humidity conditions encountered for installed location. 

a. If product alone cannot comply with requirement, install product in a protective 
enclosure that is isolated and protected from conditions impacting performance. 
Enclosure shall be internally insulated, electrically heated, cooled and ventilated as 
required by product and application. 

2. Products shall be protected with enclosures satisfying the following minimum 
requirements unless more stringent requirements are indicated. Products not available 
with integral enclosures complying with requirements indicated shall be housed in 
protective secondary enclosures. Installed location shall dictate the following NEMA 250 
enclosure requirements: 
a. Indoors, Heated and Air Conditioned:  Type 1. 
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b. Mechanical Equipment Rooms: 

1) Chiller and Boiler Rooms:  Type 12. 
2) Air -Moving Equipment Rooms:  Type 1. 

G. Environmental Conditions for Instruments and Actuators: 

1. Instruments and actuators shall operate without performance degradation under the 
ambient environmental temperature, pressure, humidity, and vibration conditions 
specified and encountered for installed location. 

a. If instruments and actuators alone cannot comply with requirement, install 
instruments and actuators in protective enclosures that are isolated and protected 
from conditions impacting performance. Enclosure shall be internally insulated, 
electrically heated and ventilated as required by instrument and application. 

2. Instruments, actuators and accessories shall be protected with enclosures satisfying the 
following minimum requirements unless more stringent requirements are indicated. 
Instruments and actuators not available with integral enclosures complying with 
requirements indicated shall be housed in protective secondary enclosures. Installed 
location shall dictate the following NEMA 250 enclosure requirements: 

a. Outdoors, Protected:  Type 2. 
b. Outdoors, Unprotected:  Type 4. 
c. Indoors, Heated with Filtered Ventilation:  Type 1. 
d. Indoors, Heated and Air-conditioned:  Type 1. 
e. Mechanical Equipment Rooms: 

1) Chiller and Boiler Rooms:  Type 12. 
2) Air -Moving Equipment Rooms:  Type 1. 

H. DDC System Reliability: 

1. Design, install and configure DDC controllers, to yield a MTBF of at least 40,000 hours, 
based on a confidence level of at least 90 percent. MTBF value shall include any failure 
for any reason to any part of products indicated. 

2. If required to comply with MTBF indicated, include DDC system and product 
redundancy to maintain DCC system, and associated systems and equipment that are 
being controlled, operational and under automatic control. 

3. Critical systems and equipment that require a higher degree of DDC system redundancy 
than MTBF indicated shall be indicated on Drawings. 

I. Electric Power Quality: 

1. Power-Line Surges: 

a. Protect susceptible DDC system products connected to ac power circuits from 
power-line surges to comply with requirements of IEEE C62.41. 

b. Do not use fuses for surge protection. 
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c. Test protection in the normal mode and in the common mode, using the following 
two waveforms: 

1) 10-by-1000-mic.sec. waveform with a peak voltage of 1500 V and a peak 
current of 60 A. 

2) 8-by-20-mic.sec. waveform with a peak voltage of 1000 V and a peak 
current of 500 A. 

2. Ground Fault: Protect products from ground fault by providing suitable grounding. 
Products shall not fail due to ground fault condition. 

 
2.13 NETWORK COMMUNICATION PROTOCOL 

A. Network communication protocol(s) used throughout entire DDC system shall be open to 
Owner and available to other companies for use in making future modifications to DDC system. 

B. ASHRAE 135 Protocol: 

1. ASHRAE 135 communication protocol shall be sole and native protocol used throughout 
entire DDC system. 

2. DDC system shall not use new gateways. Network controllers must be capable of 
integrating all existing field devices.  

3. Controllers and other network devices shall be tested and listed by BACnet Testing 
Laboratories. 

 
2.14 DDC CONTROLLERS 

A. DDC system shall consist of a combination of network controllers, programmable application 
controllers and application-specific controllers to satisfy performance requirements indicated. 

B. DDC controllers shall perform monitoring, control, energy optimization and other requirements 
indicated. 

C. DDC controllers shall use a multitasking, multiuser, real-time digital control microprocessor 
with a distributed network database and intelligence. 

D. Each DDC controller shall be capable of full and complete operation as a completely 
independent unit and as a part of a DDC system wide distributed network. 

E. Environment Requirements: 

1. Controller hardware shall be suitable for the anticipated ambient conditions. 

F. Power and Noise Immunity: 

1. Controller shall operate at 90 to 110 percent of nominal voltage rating and shall perform 
an orderly shutdown below 80 percent of nominal voltage. 

2. Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios 
with up to 5 W of power located within 36 inches of enclosure. 
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G. DDC Controller Spare Processing Capacity: 

1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will 
implement requirements indicated with the following spare memory: 

a. Network Controllers:  50 percent. 
b. Programmable Application Controllers: Not less than 60 percent. 
c. Application-Specific Controllers: Not less than 70 percent. 

2. Memory shall support DDC controller's operating system and database and shall include 
the following: 

a. Monitoring and control. 
b. Energy management, operation and optimization applications. 
c. Alarm management. 
d. Historical trend data of all connected I/O points. 
e. Maintenance applications. 
f. Operator interfaces. 
g. Monitoring of manual overrides. 

H. DDC Controller Spare I/O Point Capacity: Include spare I/O point capacity for each controller 
as follows: 

1. Network Controllers:  

a. 20 percent of each AI, AO, BI, and BO point connected to controller. 
b. Minimum Spare I/O Points per Controller: 

1) AIs:  Two. 
2) AOs:  Two. 
3) BIs:  Three. 
4) BOs:  Three. 

2. Programmable Application Controllers:  

a. 20 percent of each AI, AO, BI, and BO point connected to controller. 
b. Minimum Spare I/O Points per Controller: 

1) AIs:  Two. 
2) AOs:  Two. 
3) BIs:  Three. 
4) BOs:  Three. 

3. Application-Specific Controllers:  

a. 10 percent of each AI, AO, BI, and BO point connected to controller. 
b. Minimum Spare I/O Points per Controller: 

1) AIs:  One. 
2) AOs:  One. 
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3) BIs:  One. 
4) BOs:  One. 

I. Maintenance and Support: Include the following features to facilitate maintenance and support: 

1. Mount microprocessor components on circuit cards for ease of removal and replacement. 
2. Means to quickly and easily disconnect controller from network. 
3. Means to quickly and easily access connect to field test equipment. 
4. Visual indication that controller electric power is on, of communication fault or trouble, 

and that controller is receiving and sending signals to network. 

J. Input and Output Point Interface: 

1. Hardwired input and output points shall connect to network, programmable application 
and application-specific controllers. 

2. Input and output points shall be protected so shorting of point to itself, to another point, 
or to ground will not damage controller. 

3. Input and output points shall be protected from voltage up to 24 V of any duration so that 
contact will not damage controller. 
 

2.15 NETWORK CONTROLLERS 

A. General Network Controller Requirements: 

1. Include adequate number of controllers to achieve performance indicated. 
2. System shall consist of one or more independent, standalone, microprocessor-based 

network controllers to manage global strategies indicated. 
3. Controller shall have enough memory to support its operating system, database, and 

programming requirements. 
4. Data shall be shared between networked controllers and other network devices. 
5. Operating system of controller shall manage input and output communication signals to 

allow distributed controllers to share real and virtual object information and allow for 
central monitoring and alarms. 

6. Controllers that perform scheduling shall have a real-time clock. 
7. Controller shall continually check status of its processor and memory circuits. If an 

abnormal operation is detected, controller shall assume a predetermined failure mode and 
generate an alarm notification. 

8. Controllers shall be fully programmable. 

B. Operator Interface: 

1. Controller shall be equipped with a service communications port for connection to a 
portable operator's workstation. 

C. Serviceability: 

1. Controller shall be equipped with diagnostic LEDs or other form of local visual 
indication of power, communication, and processor. 

2. Wiring and cable connections shall be made to field-removable, modular terminal strips 
or to a termination card connected by a ribbon cable. 
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3. Controller shall maintain BIOS and programming information in event of a power loss 
for at least 96 hours. 
 

2.16 PROGRAMMABLE APPLICATION CONTROLLERS 

A. General Programmable Application Controller Requirements: 

1. Include adequate number of controllers to achieve performance indicated. 
2. Controller shall have enough memory to support its operating system, database, and 

programming requirements. 
3. Data shall be shared between networked controllers and other network devices. 
4. Operating system of controller shall manage input and output communication signals to 

allow distributed controllers to share real and virtual object information and allow for 
central monitoring and alarms. 

5. Controllers that perform scheduling shall have a real-time clock. 
6. Controller shall continually check status of its processor and memory circuits. If an 

abnormal operation is detected, controller shall assume a predetermined failure mode and 
generate an alarm notification. 

7. Controllers shall be fully programmable. 

B. Communication: 

1. Programmable application controllers shall communicate with other devices on network. 

C. Operator Interface: 

1. Controller shall be equipped with a service communications port for connection to a 
portable operator's workstation. 

D. Serviceability: 

1. Controller shall be equipped with diagnostic LEDs or other form of local visual 
indication of power, communication, and processor. 

2. Wiring and cable connections shall be made to field-removable, modular terminal strips 
or to a termination card connected by a ribbon cable. 

3. Controller shall maintain BIOS and programming information in event of a power loss 
 

2.17 CONTROLLER SOFTWARE 

A. General Controller Software Requirements: 

1. Software applications shall reside and operate in controllers. Editing of applications shall 
occur at operator workstations via web access. 

2. I/O points shall be identified by up to 30-character point name and up to 16-character 
point descriptor.  

3. Control functions shall be executed within controllers using DDC algorithms. 
4. Controllers shall be configured to use stored default values to ensure fail-safe operation. 

Default values shall be used when there is a failure of a connected input instrument or 
loss of communication of a global point value. 
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B. Security: 

1. Operator access shall be secured using individual security passwords and user names. 
2. Passwords shall restrict operator to points, applications, and system functions as assigned 

by system manager. 
3. Operator log-on and log-off attempts shall be recorded. 
4. System shall protect itself from unauthorized use by automatically logging off after last 

keystroke. The delay time shall be operator-definable. 

C. Scheduling: Include capability to schedule each point or group of points in system. Each 
schedule shall consist of the following: 

1. Weekly Schedule: 

a. Include separate schedules for each day of week. 
b. Each schedule should include the capability for start, stop, optimal start, optimal 

stop, and night economizer. 
c. Each schedule may consist of up to 10 events. 
d. When a group of objects are scheduled together, include capability to adjust start 

and stop times for each member. 

2. Exception Schedules: 

a. Include ability for operator to designate any day of the year as an exception 
schedule. 

b. Exception schedules may be defined up to a year in advance. Once an exception 
schedule is executed, it will be discarded and replaced by regular schedule for that 
day of week. 

3. Holiday Schedules: 

a. Include capability for operator to define up to 99 special or holiday schedules. 
b. Schedules may be placed on scheduling calendar and will be repeated each year. 
c. Operator shall be able to define length of each holiday period. 

D. System Coordination: 

1. Include standard application for proper coordination of equipment. 
2. Application shall include operator with a method of grouping together equipment based 

on function and location. 
3. Group may then be used for scheduling and other applications. 

E. Binary Alarms: 

1. Each binary point shall be set to alarm based on operator-specified state. 
2. Include capability to automatically and manually disable alarming. 

F. Analog Alarms: 

1. Each analog object shall have both high and low alarm limits. 



WHITE MOUNTAIN COMMUNITY COLLEGE 
BERLIN MECHANICAL AND ELECTRICAL UPGRADES 
ADDENDUM 3 – 9/3/2024   
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 31 

2. Alarming shall be able to be automatically and manually disabled. 

G. Alarm Reporting: 

1. Operator shall be able to determine action to be taken in event of an alarm. 
2. Alarms shall be routed to appropriate operator workstations or mobile devices based on 

time and other conditions. 
3. Alarm shall be able to start programs, print, be logged in event log, generate custom 

messages, and display graphics. 

H. Remote Communication: 

1. System shall have ability to dial out in the event of an alarm. 

I. Maintenance Management: System shall monitor equipment status and generate maintenance 
messages based on operator-designated run-time, starts, and calendar date limits. 

J. Sequencing: Include application software based on sequences of operation indicated to properly 
sequence chillers, boilers, and other applicable HVAC equipment. 

K. Control Loops: 

1. Support any of the following control loops, as applicable to control required: 

a. Two-position (on/off, open/close, slow/fast) control. 
b. Proportional control. 
c. Proportional plus integral (PI) control. 
d. Proportional plus integral plus derivative (PID) control. 

1) Include PID algorithms with direct or reverse action and anti-windup. 
2) Algorithm shall calculate a time-varying analog value used to position an 

output or stage a series of outputs. 
3) Controlled variable, set point, and PID gains shall be operator-selectable. 

e. Adaptive (automatic tuning). 

L. Staggered Start: Application shall prevent all controlled equipment from simultaneously 
restarting after a power outage. Order which equipment (or groups of equipment) is started, 
along with the time delay between starts, shall be operator-selectable. 

M. Energy Calculations: 

1. Include software to allow instantaneous power or flow rates to be accumulated and 
converted to energy usage data. 

2. Include an algorithm that calculates a sliding-window average (rolling average). 
Algorithm shall be flexible to allow window intervals to be operator specified (such as 
15, 30, or 60 minutes). 

3. Include an algorithm that calculates a fixed-window average. A digital input signal shall 
define start of window period (such as signal from utility meter) to synchronize fixed-
window average with that used by utility. 
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N. Anti-Short Cycling: 

1. BO points shall be protected from short cycling. 
2. Feature shall allow minimum on-time and off-time to be selected. 

O. On and Off Control with Differential: 

1. Include an algorithm that allows a BO to be cycled based on a controlled variable and set 
point. 

2. Algorithm shall be direct- or reverse-acting and incorporate an adjustable differential. 

P. Run-Time Totalization: 
1. Include software to totalize run-times for all BI and BO points. 
2. A high run-time alarm shall be assigned, if required, by operator. 

 
2.18 ENCLOSURES 

A. General Enclosure Requirements: 

1. House each controller and associated control accessories in a single enclosure. Enclosure 
shall serve as central tie-in point for control devices such as switches, transmitters, 
transducers, power supplies and transformers. 

2. Do not house more than one controller in a single enclosure. 
3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures 

and include one pair of keys per enclosure. 
4. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall 

or freestanding support stand as indicated. 
5. Supply each enclosure with a complete set of as-built schematics, and wiring diagrams 

and product literature located in a pocket on inside of door. 

B. Internal Arrangement: 

1. Internal layout of enclosure shall group and protect electric and electronic components 
associated with a controller, but not an integral part of controller. 

2. Arrange layout to group similar products together. 
3. Include a barrier between line-voltage and low-voltage electrical and electronic products. 
4. Factory or shop install products, cabling and wiring complying with requirements and 

standards indicated. 
5. Terminate field cable and wire using heavy-duty terminal blocks. 
6. Include spare terminals, equal to not less than 10 percent of used terminals. 
7. Include spade lugs for stranded cable and wire. 
8. Install a maximum of two wires on each side of a terminal. 
9. Include enclosure field power supply with a toggle-type switch located at entrance inside 

enclosure to disconnect power. 
10. Mount products within enclosure on removable internal panel(s). 
11. Include products mounted in enclosures with engraved, laminated phenolic nameplates 

(black letters on a white background). The nameplates shall have at least 1/4-inch-high 
lettering. 

12. Route cable and wire located inside enclosure within a raceway with a continuous 
removable cover. 
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13. Label each end of cable and wire in enclosure following an approved identification 
system that extends from field I/O connection and all intermediate connections 
throughout length to controller connection. 

14. Size enclosure internal panel to include at least 25 percent spare area on face of panel. 
 

2.19 RELAYS 

A. General-Purpose Relays: 
1. Relays shall be heavy duty and rated for at least 10 A at 250-V ac and 60 Hz. 
2. Relays shall be either double pole double throw (DPDT) or three-pole double throw, 

depending on the control application. 
3. Use a plug-in-style relay with an eight-pin octal plug for DPDT relays and an 11-pin 

octal plug for three-pole double-throw relays. 
4. Construct the contacts of either silver cadmium oxide or gold. 
5. Enclose the relay in a clear transparent polycarbonate dust-tight cover. 
6. Relays shall have LED indication and a manual reset and push-to-test button. 
7. Performance: 

a. Mechanical Life: At least 10 million cycles. 
b. Electrical Life: At least 100,000 cycles at rated load. 
c. Pickup Time: 15 ms or less. 
d. Dropout Time: 10 ms or less. 
e. Pull-in Voltage: 85 percent of rated voltage. 
f. Dropout Voltage: 50 percent of nominal rated voltage. 
g. Power Consumption: 2 VA. 
h. Ambient Operating Temperatures: Minus 40 to 115 deg F. 

8. Equip relays with coil transient suppression to limit transients to non-damaging levels. 
9. Plug each relay into an industry-standard, 35-mm DIN rail socket. Plug all relays located 

in control panels into sockets that are mounted on a DIN rail. 
10. Relay socket shall have screw terminals. Mold into the socket the coincident screw 

terminal numbers and associated octal pin numbers. 

B. Multifunction Time-Delay Relays: 
1. Relays shall be continuous duty and rated for at least 10 A at 240-V ac and 60 Hz. 
2. Relays shall be DPDT relay with up to eight programmable functions to provide on/off 

delay, interval and recycle timing functions. 
3. Use a plug-in-style relay with either an 8- or 11-pin octal plug. 
4. Construct the contacts of either silver cadmium oxide or gold. 
5. Enclose the relay in a dust-tight cover. 
6. Include knob and dial scale for setting delay time. 
7. Performance: 

a. Mechanical Life: At least 10 million cycles. 
b. Electrical Life: At least 100,000 cycles at rated load. 
c. Timing Ranges: Multiple ranges from 0.1 seconds to 100 minutes. 
d. Repeatability: Within 2 percent. 
e. Recycle Time: 45 ms. 
f. Minimum Pulse Width Control: 50 ms. 
g. Power Consumption: 5 VA or less at 120-V ac. 
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h. Ambient Operating Temperatures: Minus 40 to 115 deg F. 

8. Equip relays with coil transient suppression to limit transients to non-damaging levels. 
9. Plug each relay into an industry-standard, 35-mm DIN rail socket. Plug all relays located 

in control panels into sockets that are mounted on a DIN rail. 
10. Relay socket shall have screw terminals. Mold into the socket the coincident screw 

terminal numbers and associated octal pin numbers. 

C. Latching Relays: 
1. Relays shall be continuous duty and rated for at least 10 A at 250-V ac and 60 Hz. 
2. Relays shall be either DPDT or three-pole double throw, depending on the control 

application. 
3. Use a plug-in-style relay with a multibladed plug. 
4. Construct the contacts of either silver cadmium oxide or gold. 
5. Enclose the relay in a clear transparent polycarbonate dust-tight cover. 
6. Performance: 

a. Mechanical Life: At least 10 million cycles. 
b. Electrical Life: At least 100,000 cycles at rated load. 
c. Pickup Time: 15 ms or less. 
d. Dropout Time: 10 ms or less. 
e. Pull-in Voltage: 85 percent of rated voltage. 
f. Dropout Voltage: 50 percent of nominal rated voltage. 
g. Power Consumption: 2 VA. 
h. Ambient Operating Temperatures: Minus 40 to 115 deg F. 

7. Equip relays with coil transient suppression to limit transients to non-damaging levels. 
8. Plug each relay into an industry-standard, 35-mm DIN rail socket. Plug all relays located 

in control panels into sockets that are mounted on a DIN rail. 
9. Relay socket shall have screw terminals. Mold into the socket the coincident screw 

terminal numbers and associated octal pin numbers. 

D. Current Sensing Relay: 
1. Monitors ac current. 
2. Independent adjustable controls for pickup and dropout current. 
3. Energized when supply voltage is present and current is above pickup setting. 
4. De-energizes when monitored current is below dropout current. 
5. Dropout current is adjustable from 50 to 95 percent of pickup current. 
6. Include a current transformer, if required for application. 
7. House current sensing relay and current transformer in its own enclosure. Use 

NEMA 250, Type 12 enclosure for indoors and NEMA 250, Type 4 for outdoors. 

E. Combination On-Off Status Sensor and On-Off Relay: 
1. Description: 

a. On-off control and status indication in a single device. 
b. LED status indication of activated relay and current trigger. 
c. Closed-Open-Auto override switch located on the load side of the relay. 

2. Performance: 
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a. Ambient Temperature: Minus 30 to 140 deg F. 
b. Voltage Rating: Single-phase loads rated for 300-V ac. Three-phase loads rated for 

600-V ac. 

3. Status Indication: 

a. Current Sensor: Integral sensing for single-phase loads up to 20 A and external 
solid or split sensing ring for three-phase loads up to 150 A. 

b. Current Sensor Range: As required by application. 
c. Current Set Point:  Fixed or adjustable as required by application. 
d. Current Sensor Output: 

1) Solid-state, single-pole double-throw contact rated for 30-V ac and dc and 
for 0.4 A. 

2) Solid-state, single-pole double-throw contact rated for 120-V ac and 1.0 A. 
3) Analog, zero- to 5- or 10-V dc. 
4) Analog, 4 to 20 mA, loop powered. 

4. Relay: Single-pole double-throw, continuous-duty coil; rated for 10-million mechanical 
cycles. 

5. Enclosure: NEMA 250, Type 1 enclosure. 
 

2.20 CONTROL WIRE AND CABLE 

A. Single Twisted Shielded Instrumentation Cable 24 V and Less: 

1. Wire size shall be a minimum No. 18 AWG. 
2. Conductors shall be a twisted, 7/24 soft annealed copper stranding with a 2- to 2.5-inch 

lay. 
3. Conductor insulation shall have a nominal 15-mil thickness, constructed from flame-

retardant PVC. 
4. Shielding shall be 100 percent type, 1.35-mil aluminum/polymer tape, helically applied 

with 25 percent overlap, and aluminum side in with tinned copper drain wire. 
5. Outer jacket insulation shall have a 300-V, 105-deg C rating and shall be Type PLTC 

cable. 
6. For twisted pair, conductor colors shall be black and white. For twisted triad, conductor 

colors shall be black, red and white. 
7. Furnish wire on spools. 

B. Communication Cable: Comply with DDC system manufacturer requirements for network 
being installed. 

1. Cable shall be balanced twisted pair. 

a. Cable shall be plenum rated. 
b. Cable shall have a unique color that is different from other cables used on Project. 

 
2.21 RACEWAYS 
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A. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for 
electrical power raceways and boxes. 

 
2.22 ACCESSORIES 

A. Damper Blade Limit Switches: 

1. Sense positive open and/or closed position of the damper blades. 
2. NEMA 250, Type 13, oil-tight construction. 
3. Arrange for the mounting application. 
4. Additional waterproof enclosure when required by its environment. 
5. Arrange to prevent "over-center" operation. 

2.23 IDENTIFICATION 

A. Control Equipment, Instruments, and Control Devices:  

1. Self-adhesive label bearing unique identification. 

a. Include instruments with unique identification identified by equipment being 
controlled or monitored, followed by point identification. 

2. Letter size shall be as follows: 
a. DDC Controllers: Minimum of 0.5 inch high. 
b. Enclosures: Minimum of 0.5 inch high. 
c. Electrical Power Devices: Minimum of 0.25 inch high. 
d. Accessories: Minimum of 0.25 inch high. 
e. Instruments: Minimum of 0.25 inch high. 
f. Control Damper and Valve Actuators: Minimum of 0.25 inch high. 

3. Legend shall consist of white lettering on black background. 
4. Laminated acrylic or melamine plastic sign shall be engraved phenolic consisting of three 

layers of rigid laminate. Top and bottom layers are color-coded black with contrasting 
white center exposed by engraving through outer layer and shall be fastened with drive 
pins. 

5. Instruments, control devices and actuators with Project-specific identification tags having 
unique identification numbers following requirements indicated and provided by original 
manufacturer do not require additional identification. 

B. Raceway and Boxes: 

1. Provide labeling.  
2. Paint cover plates on junction boxes and conduit same color as the tape banding for 

conduits. After painting, label cover plate "HVAC Controls," using an engraved phenolic 
tag. 

3. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical 
Systems" for electrical power raceways and boxes 
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PART 3 - EXECUTION 
 
3.1 EXAMINATION  

 
A. Examine substrates and conditions for compliance with requirements for installation 

tolerances and other conditions affecting performance of the Work. 

1. Verify compatibility with and suitability of substrates. 

2. Examine roughing-in for products to verify actual locations of connections 
before installation. 

a. Examine roughing-in for instruments installed in piping to verify actual 
locations of connections before installation. 

b. Examine roughing-in for instruments installed in duct systems to verify 
actual locations of connections before installation. 

3. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be 
installed. 

4. Proceed with installation only after unsatisfactory conditions have been corrected. 
 

3.2 GENERAL INSTALLATION REQUIREMENTS 

A. Install products to satisfy more stringent of all requirements indicated. 

B. Install products level, plumb, parallel, and perpendicular with building construction. 

C. Support products, wiring, and raceways, comply with requirements in Section 260533 
"Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes and 
comply with requirements in Section 260519 "Low-voltage electrical power conductors and 
cables" for electrical wiring .  

D. If codes and referenced standards are more stringent than requirements indicated, comply with 
requirements in codes and referenced standards. 

E. Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation 
of products. Before proceeding with drilling, punching, and cutting, check for concealed work 
to avoid damage. Patch, flash, grout, seal, and refinish openings to match adjacent condition. 

F. Firestop penetrations made in Fire-Rated or Smoke-Rated assemblies. 

G. Seal penetrations made in acoustically rated assemblies. 

H. Fastening Hardware: 

1. Stillson wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other 
parts are prohibited for work of assembling and tightening fasteners. 

2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force 
or by oversized wrenches. 

3. Lubricate threads of bolts, nuts and screws with graphite and oil before assembly. 
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I. If product locations are not indicated, install products in locations that are accessible and that 
will permit service and maintenance from floor, equipment platforms, or catwalks without 
removal of permanently installed furniture and equipment. 

 
3.3 CONTROLLER INSTALLATION 

A. Install controllers in enclosures to comply with indicated requirements. 

B. Install controller with latest version of applicable software and configure to execute 
requirements indicated. 

C. Test and adjust controllers to verify operation of connected I/O to achieve performance 
indicated requirements while executing sequences of operation. 

D. Installation of Network Controllers: 

1. Quantity and location of network controllers shall be determined by DDC system 
manufacturer to satisfy requirements indicated. 

2. Install controllers in a protected location that is easily accessible by operators. 
3. Top of controller shall be within 72 inches of finished floor. 

E. Installation of Programmable Application Controllers: 

1. Quantity and location of programmable application controllers shall be determined by 
DDC system manufacturer to satisfy requirements indicated. 

2. Install controllers in a protected location that is easily accessible by operators. 
3. Top of controller shall be within 72 inches of finished floor. 

 
3.4 ENCLOSURES INSTALLATION 

A. Install the following items in enclosures, to comply with indicated requirements: 
1. Network Controllers. 
2. Electrical power devices. 

B. Attach wall-mounted enclosures to wall using the following types of steel struts: 

1. For NEMA 250, Type 1 Enclosures: Use corrosion-resistant-coated steel strut and 
hardware. 

2. For NEMA 250, Type 4 Enclosures and Enclosures Located Outdoors: Use stainless-steel 
strut and hardware. 

3. Install plastic caps on exposed cut edges of strut. 

C. Align top of adjacent enclosures of like size. 

D. Install continuous and fully accessible wireways to connect conduit, wire, and cable to multiple 
adjacent enclosures. Wireway used for application shall have protection equal to NEMA 250 
rating of connected enclosures. 
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3.5 ELECTRIC POWER CONNECTIONS 

A. Connect electrical power to DDC system products requiring electrical power connections. 

B. Design of electrical power to products not indicated with electric power is delegated to DDC 
system provider and installing trade. Work shall comply with NFPA 70 and other requirements 
indicated. 

C. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" for electrical power conductors and cables. 

D. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for 
electrical power raceways and boxes. 

 
3.6 NETWORK NAMING AND NUMBERING 

A. Coordinate with Owner and provide unique naming and addressing for networks and devices. 

B. ASHRAE 135 Networks 

1. MAC Address: 

a. Every network device shall have an assigned and documented MAC address 
unique to its network. 

b. Ethernet Networks: Document MAC address assigned at its creation. 
c. ARCNET or MS/TP networks: Assign from 00 to 64. 

2. Network Numbering: 

a. Assign unique numbers to each new network. 
b. Provide ability for changing network number through device switches or operator 

interface. 
c. DDC system, with all possible connected LANs, can contain up to 65,534 unique 

networks. 

3. Device Object Identifier Property Number: 

a. Assign unique device object identifier property numbers or device instances for 
each device network. 

b. Provide for future modification of device instance number by device switches or 
operator interface. 

4. Device Object Name Property Text: 

a. Device object name property field shall support 32 minimum printable characters. 
b. Assign unique device "Object Name" property names with plain-English 

descriptive names for each device. 
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1) Example 1: Device object name for device controlling boiler plant at 
Building 1000 would be "HW System B1000." 

2) Example 2: Device object name for a VAV terminal unit controller could be 
"VAV unit  102". 

5. Object Name Property Text for Other Than Device Objects: 

a. Object name property field shall support 32 minimum printable characters. 
b. Assign object name properties with plain-English names descriptive of application. 

1) Example 1: "Zone 1 Temperature." 
2) Example 2 "Fan Start and Stop." 

6. Object Identifier Property Number for Other Than Device Objects: 
a. If not indicated, object identifier property numbers may be assigned at Installer's 

discretion but must be approved by Owner in advance, be documented and be 
unique for like object types within device. 
 

3.7 CONTROL WIRE, CABLE AND RACEWAYS INSTALLATION 

A. Comply with NECA 1. 

1. Terminate wiring in a junction box. 

a. Clamp cable over jacket in junction box. 
b. Individual conductors in the stripped section of the cable shall be slack between 

the clamping point and terminal block. 

2. Terminate field wiring and cable not directly connected to instruments and control 
devices having integral wiring terminals using terminal blocks. 

3. Install signal transmission components according to IEEE C2, REA Form 511a, 
NFPA 70, and as indicated. 

4. Use shielded cable to transmitters. 
5. Use shielded cable to temperature sensors. 
6. Perform continuity and meager testing on wire and cable after installation. 

B. Conduit Installation: 

1. Comply with Section "260533 "Raceways and Boxes for Electrical Systems" for control-
voltage conductors. 

 
3.8 WIRING CRITERIA 

A. All Line Voltage and Control wiring must be run in EMT. Properly sealed Rigid 
Metallic Conduit must be used in any explosion proof applications. 

B. Do not run binary control circuit wiring in the same conduit as power wiring over 100 
volts. Where analog signal wiring requires conduit, do not run in the same conduit 
with AC power circuits or control circuits operating at more than 100 volts. 

C. Provide circuit and wiring protection required by NFPA 70. 
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D. Input/output identification: Permanently label each field-installed wire at each end 
with descriptive text using a commercial wire marking system that fully encircles the 
wire, cable, or tube. Locate the markers within 2 inches of each termination. Match 
the names and I/O number to the project's point list. Similarly label all power wiring 
serving control devices, including the word "power" in the label. Label all terminal 
blocks with alpha/numeric labels. All wiring and the wiring methods must be in 
accordance with UL 508A. 

E. For controller power, provide new 120 VAC circuits, with ground. 

F. Provide each circuit with a dedicated breaker, and run wiring in its own conduit, 
separate from any control wiring. Connect the controller's ground wire to the electrical 
panel ground; conduit grounds are not acceptable. 

G. Surge Protection: Install surge protection according to manufacturer's instructions.   
Multiple controllers fed from a common power supply may be protected by a common 
surge protector, properly sized for the total connected devices. 

H. Grounding: Ground controllers and cabinets to a good earth ground as specified in 
Division 26. Comply with requirements in Section 20526 "Grounding and bonding for 
electrical systems". 

I. Conduit grounding is not acceptable; all grounding must have a direct path to the 
building earth ground. Ground sensor drain wire shields at the controller end. 

J. The Contractor must be responsible for correcting all associated ground loop 
problems. 

K. Run wiring in panel enclosures in covered wire track. 
 
3.9 ACCEPTANCE TESTING 

 
A. Upon completion of the installation, this contractor shall load all system software and start-

up the system. This contractor shall perform all necessary calibration, testing and de-
bugging and perform all required operational checks to ensure that the system is functioning 
in full  accordance with these specifications as well as the sequence of operation. 

 
B. This contractor shall perform tests to verify proper performance of components, routines, and 

points. Repeat tests until proper performance results. This testing shall include a point-by-
point log to validate 100% of the input and output points of the DDC system operation. 

 
C. Controls testing shall also include operation verification of emergency shutdown  

 sequence and emergency and normal power sequence. 
 

D. System Acceptance: Satisfactory completion is when this contractor and the Division 
26 contractor have performed successfully all the required testing to show 
performance compliance with the requirements of the Contract Documents to the 
satisfaction of the Owner. Final system acceptance shall be contingent upon 
completion and review of all corrected deficiencies. 

 
3.10 OPERATOR INSTRUCTION, TRAINING 

 
A. At such time that acceptable performance of the BAS hardware and software has been 
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established, this contractor shall provide on-site operator instruction to the owner's operating 
personnel. Operator instruction shall be done during normal working hours and shall be 
performed by a competent representative familiar with the system hardware, software and 
accessories. 

 
B. This contractor shall provide 20 hours of instruction to the owner's designated personnel on 

the operation of the BAS and describe its intended use with respect to the programmed 
functions specified. Operator orientation of the systems shall include, but not be limited to; 
the overall operation program, equipment functions (both individually and as part of the total 
integrated system), commands, systems generation, advisories, and appropriate operator 
intervention required in responding to the System's operation. 

 
C. The training shall be in three sessions as follows: 

 
1. Initial Training: One day session (8 hours) after system is started up and at least one 

week before first acceptance test. Manual shall have been submitted at least two weeks 
prior to training so that the owners' personnel can start to familiarize themselves with 
the system before classroom instruction begins. 

2. Warranty Follow Up: 12 hours total, in no less than 4-hour increments, to be scheduled 
at the request of the owner during the one-year warranty period. These sessions shall 
cover topics as requested by the owner such as; how to add additional points, create and 
gather data for trends, graphic screen generation or modification of control routines. 

D. Video of Training Sessions: 

1. Provide a digital video and audio recording of each training session. Create a separate 
recording file for each session. 

2. Stamp each recording file with training session number, session name and date. 
3. Provide Owner with two copies of digital files on DVDs or flash drives for later reference 

and for use in future training. 
4. Owner retains right to make additional copies for intended training purposes without 

having to pay royalties. 
 
 

3.11 FIELD QUALITY CONTROL 
 

A. 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. 
 
1. Operational Test.  After electrical circuitry has been energized, start units to confirm 

proper unit operation. Remove malfunctioning units, replace with new units, and 
retest. 

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls 
and equipment, and retest. 

3. Calibration test electronic controllers by disconnecting input sensors and stimulating 
operation with compatible signal generator. 

B. �(�Q�J�D�J�H���D���I�D�F�W�R�U�\�(�D�X�W�K�R�U�L�]�H�G���V�H�U�Y�L�F�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���W�R���S�H�U�I�R�U�P���V�W�D�U�W�X�S���V�H�U�Y�L�F�H�� 
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C. Replace damaged or malfunctioning controls and equipment. 
 
1. Start, test, and adjust control systems. 
2. Demonstrate compliance with requirements, including calibration and testing, and 

control sequences. 
3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of 

operation specified. 

D. Verify DDC as follows: 
 
1. Verify software including automatic restart, control sequences, scheduling, reset 

controls, and occupied/unoccupied cycles. 
2. Verify local control units including self�(�G�L�D�J�Q�R�V�W�L�F�V�� 

 
3.12 DDC SYSTEM I/O ADJUSTMENT, CALIBRATION AND TESTING 

A. Calibrate each instrument installed that is not factory calibrated and provided with calibration 
documentation. 

B. Provide a written description of proposed field procedures and equipment for calibrating each 
type of instrument. Submit procedures before calibration and adjustment. 

C. For each analog instrument, make a three-point test of calibration for both linearity and 
accuracy. 

D. Equipment and procedures used for calibration shall comply with instrument manufacturer's 
written instructions. 

E. Provide diagnostic and test equipment for calibration and adjustment. 

F. Field instruments and equipment used to test and calibrate installed instruments shall have 
accuracy at least twice the instrument accuracy being calibrated. An installed instrument with an 
accuracy of 1 percent shall be checked by an instrument with an accuracy of 0.5 percent. 

G. Calibrate each instrument according to instrument instruction manual supplied by manufacturer. 

H. If after calibration indicated performance cannot be achieved, replace out-of-tolerance 
instruments. 

I. Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11, 
"Field Testing of HVAC Control Components," in the absence of specific requirements, and to 
supplement requirements indicated. 

J. Analog Signals: 

1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100 
percent. 

2. Check analog current signals using a precision current meter at zero, 50, and 100 percent. 
3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating 

span using a precision-resistant source. 
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K. Digital Signals: 

1. Check digital signals using a jumper wire. 
2. Check digital signals using an ohmmeter to test for contact making or breaking. 

L. Control Dampers: 

1. Stroke and adjust control dampers following manufacturer's recommended procedure, 
from 100 percent open to 100 percent closed and back to 100 percent open. 

2. Stroke control dampers with pilot positioners. Adjust damper and positioner following 
manufacturer's recommended procedure, so damper is 100 percent closed, 50 percent 
closed and 100 percent open at proper air pressure. 

3. Check and document open and close cycle times for applications with a cycle time less 
than 30 seconds. 

4. For control dampers equipped with positive position indication, check feedback signal at 
multiple positions to confirm proper position indication. 

M. Control Valves: 

1. Stroke and adjust control valves following manufacturer's recommended procedure, from 
100 percent open to 100 percent closed and back to 100 percent open. 

2. Stroke control valves with pilot positioners. Adjust valve and positioner following 
manufacturer's recommended procedure, so valve is 100 percent closed, 50 percent 
closed and 100 percent open at proper air pressures. 

3. Check and document open and close cycle times for applications with a cycle time less 
than 30 seconds. 

4. For control valves equipped with positive position indication, check feedback signal at 
multiple positions to confirm proper position indication. 

N. Meters: Check sensors at zero, 50, and 100 percent of Project design values. 

O. Sensors: Check sensors at zero, 50, and 100 percent of Project design values. 

P. Switches: Calibrate switches to make or break contact at set points indicated. 

Q. Transmitters: 

1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values. 
2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a 

precision-resistant source. 
 

3.13 DDC SYSTEM CONTROLLER CHECKOUT 

A. Verify power supply. 

1. Verify voltage, phase and hertz. 
2. Verify that protection from power surges is installed and functioning. 
3. Verify that ground fault protection is installed. 
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B. Verify that wire and cabling is properly secured to terminals and labeled with unique 
identification. 

C. Verify that spare I/O capacity is provided. 
 
3.14 DDC SYSTEM VALIDATION TESTS 

A. Perform validation tests before requesting final review of system. Before beginning testing, first 
submit Pretest Checklist and Test Plan. 

B. After approval of Test Plan, execute all tests and procedures indicated in plan. 

C. After testing is complete, submit completed test checklist. 

D. Pretest Checklist: Submit the following list with items checked off once verified: 

1. Detailed explanation for any items that are not completed or verified. 
2. Required DDC system components, wiring, and accessories are installed. 
3. Installed DDC system architecture matches approved Drawings. 
4. Control electric power circuits operate at proper voltage and are free from faults. 
5. Required surge protection is installed. 
6. DDC system network communications function properly, including uploading and 

downloading programming changes. 
7. Each controller's programming is backed up. 
8. Equipment, products, wiring cable and conduits are properly labeled. 
9. All I/O points are programmed into controllers. 
10. Dampers and actuators zero and span adjustments are set properly. 
11. Each control damper and actuator goes to failed position on loss of power. 
12. Valves and actuators zero and span adjustments are set properly. 
13. Each control valve and actuator goes to failed position on loss of power. 
14. Meter, sensor and transmitter readings are accurate and calibrated. 
15. Control loops are tuned for smooth and stable operation. 
16. View trend data where applicable. 
17. Each controller works properly in standalone mode. 
18. Safety controls and devices function properly. 
19. Electrical interlocks function properly. 
20. Record Drawings are completed. 

E. Test Plan: 

1. Prepare and submit a validation test plan including test procedures for performance 
validation tests. 

2. Test plan shall address all specified functions of DDC system and sequences of operation. 
3. Explain detailed actions and expected results to demonstrate compliance with 

requirements indicated. 
4. Explain method for simulating necessary conditions of operation used to demonstrate 

performance. 
5. Include a test checklist to be used to check and initial that each test has been successfully 

completed. 
6. Submit test plan documentation 20 business days before start of tests. 
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F. Validation Test: 

1. Verify operating performance of each I/O point in DDC system. 

a. Verify analog I/O points at operating value. 
b. Make adjustments to out-of-tolerance I/O points. 

1) Identify I/O points for future reference. 
2) Simulate abnormal conditions to demonstrate proper function of safety 

devices. 
3) Replace instruments and controllers that cannot maintain performance 

indicated after adjustments. 

2. Simulate conditions to demonstrate proper sequence of control. 
3. Readjust settings to design values and observe ability of DDC system to establish desired 

conditions. 
4. After 24 Hours following Initial Validation Test: 

a. Re-check I/O points that required corrections during initial test. 
b. Identify I/O points that still require additional correction and make corrections 

necessary to achieve desired results. 

5. After 24 Hours of Second Validation Test: 

a. Re-check I/O points that required corrections during second test. 
b. Continue validation testing until I/O point is normal on two consecutive tests. 

6. Completely check out, calibrate, and test all connected hardware and software to ensure 
that DDC system performs according to requirements indicated. 

7. After validation testing is complete, prepare and submit a report indicating all I/O points 
that required correction and how many validation re-tests it took to pass. Identify 
adjustments made for each test and indicate instruments that were replaced. 
 

3.15 ADJUSTING 

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

 
3.16 SOFTWARE SERVICE AGREEMENT 

A. Technical Support: Beginning at Substantial Completion, service agreement shall include 
software support for five year(s). 

B. Upgrade Service: At Substantial Completion, update software to latest version. Install and 
program software upgrades that become available within five year(s) from date of Substantial 
Completion. Upgrading software shall include operating system and new or revised licenses for 
using software. 



WHITE MOUNTAIN COMMUNITY COLLEGE 
BERLIN MECHANICAL AND ELECTRICAL UPGRADES 
ADDENDUM 3 – 9/3/2024   
 

DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 230923 - 47 

1. Upgrade Notice: At least 30 days to allow Owner to schedule and access system and to 
upgrade computer equipment if necessary. 

 
3.17 MAINTENANCE SERVICE 

A. Maintenance Service: Beginning at Substantial Completion, maintenance service shall include 
five years’ full maintenance by DDC system manufacturer's authorized service representative. 
Include annual preventive maintenance, repair or replacement of worn or defective components, 
cleaning, calibration and adjusting as required for proper operation. Parts and supplies shall be 
manufacturer's authorized replacement parts and supplies. 

 

END OF SECTION 230923 
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KEYED NOTES: JOHNSON CONTROLS SINGLE PACKAGE R-410A AIR CONDITIONER FOR GENERAL ELECTRIC AIR CONDITIONER REPLACEMENT. MODEL NUMBER: ZQE06A2C1AA1C321A4. JOHNSON CONTROLS SINGLE PACKAGE R-410A AIR CONDITIONER FOR TRANE AC ONLY REPLACEMENT SERVING ROOMS 312, 314, AND 316 IN THE LIBRARY. MODEL NUMBER: ZQE05A2C1AA1C321A3. JOHNSON CONTROLS SINGLE PACKAGE R-410A AIR CONDITIONER W/ HEAT FOR TRANE LP GAS FIRED RTU REPLACEMENT SERVING THE LIBRARY OFFICE. MODEL NUMBER: ZQG04D2C1AA1C321A3. JOHNSON CONTROLS SINGLE PACKAGE R-410A AIR CONDITIONER W/ HEAT FOR YORK RTU REPLACEMENT SERVING STUDY ROOMS IN LIBRARY. MODEL NUMBER: ZQG06F2C1AA1C321A4.   ABSOLUTAIRE MAU REPLACEMENT FOR CURRENT ABSOLUTAIRE MAU. MODEL NUMBER: V5-HVM. COOK MODEL EXHAUST FAN DIRECT REPLACEMENT. MODEL NUMBER: 210VCR. JOHNSON CONTROLS SPLIT-SYSTEM CONDENSING UNIT FOR NORDYNE SPLIT-SYSTEM REPLACEMENT. UNIT MODEL NUMBER: TCD42B32S.  JOHNSON CONTROLS SPLIT-SYSTEM INDOOR UNIT FOR NORDYNE SPLIT-SYSTEM REPLACEMENT. UNIT MODEL NUMBER: AE42CX21. LOCATED IN BUSINESS OFFICE CLOSET.
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RTU-1 - SEQUENCE OF OPERATIONS  - SEQUENCE OF OPERATIONS PACKAGED ROOFTOP AIR CONDITIONER IS A CONSTANT VOLUME, VARIABLE TEMPERATURE UNIT DESIGNED TO PROVIDE COOLING, PRESSURIZATION AND VENTILATION TO SPACE. SPACE TEMPERATURE SETTINGS, SETBACK SCHEDULE AND OCCUPIED SCHEDULES ARE CONTROLLED BY BAS. AIR CONDITIONER IS PROVIDED W/ FACTORY CONTROLS W/ BAS COMMUNICATION CARD. BUILT-IN FACTORY CONTROL OF AIR CONDITIONER SHALL CONTROL SPEED OF INTERNAL COMPONENTS TO PROVIDE MOST EFFICIENT COOLING AS REQUIRED TO SATISFY SPACE SETPOINTS. PACKAGED RTU SHALL BE CONTROLLED BY DEMAND CONTROL VENTILATION WITH CO2 SENSORS. DURING OCCUPIED MODES THE SUPPLY FAN RUNS CONTINUOUSLY, AND THE OUTDOOR AIR DAMPER SHALL BE OPEN TO SUPPLY THE MINIMUM OUTDOOR AIR REQUIRED. WHEN THE CO2 IN THE RETURN DUCT RISER REACHES 700 PPM, THE OA DAMPER SHALL MODULATE TO MAINTAIN 700 PPM OR LESS. THE AIR CONDITIONER SHALL DISCHARGE A MINIMUM OF 58.5 DEG F SUPPLY AIR. ECONOMIZER MODE: THE RTU IS EQUIPPED WITH ENTHALPY BASED ECONOMIZER CONTROLS TO PROVIDE FREE COOLING WHEN POSSIBLE. BAROMETRIC RELIEF DAMPER RELIEVES AIR DURING ECONOMIZER OPERATION. USE STANDARD ALGORITHMS TO PROVIDE FREE COOLING WHEN CONDITIONS ALLOW. DUCT SMOKE: UPON SMOKE DETECTION IN SUPPLY AIR THE UNIT SHALL SHUTDOWN AND NOTIFY THE FACP AND INDICATE ALARMS STATUS TO BACS.
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1. GENERAL NOTES, SYMBOL LISTS AND DETAILS ARE TO BE GENERAL NOTES, SYMBOL LISTS AND DETAILS ARE TO BE CONSIDERED AS APPLICABLE TO ALL ELECTRICAL DRAWINGS FOR THIS PROJECT. SYMBOLS AND ABBREVIATIONS SHOWN ON THIS SHEET ARE FOR REFERENCE ONLY AND DO NOT INDICATE THEIR INCORPORATION IN THE DESIGN. 2. DRAWINGS ARE SCHEMATIC AND DIAGRAMMATIC. USE DRAWINGS ARE SCHEMATIC AND DIAGRAMMATIC. USE JUDGMENT AND CARE TO INSTALL ELECTRICAL WORK TO FUNCTION PROPERLY AND FIT WITHIN BUILDING CONSTRUCTION AND FINISHES. ELECTRICAL CONDUCTORS, CONDUIT, COMPONENTS, NOT SHOWN OR SPECIFIED, WHICH ARE REQUIRED FOR ANY DEVICE OR SYSTEM TO PRODUCE A COMPLETE AND OPERATIVE SYSTEM ARE REQUIRED TO BE FURNISHED AND INSTALLED. 3. PERFORM WORK IN ACCORDANCE WITH NFPA-70, NATIONAL PERFORM WORK IN ACCORDANCE WITH NFPA-70, NATIONAL ELECTRICAL CODE (NEC) 2017. 4. VERIFY THAT FIELD MEASUREMENTS, SURFACES, VERIFY THAT FIELD MEASUREMENTS, SURFACES, SUBSTRATES AND CONDITIONS ARE AS REQUIRED, AND READY TO RECEIVE WORK. DO NOT PROCEED WITH WORK UNTIL UNSATISFACTORY CONDITIONS HAVE BEEN CORRECTED. BY BEGINNING WORK, CONTRACTOR ACCEPTS CONDITIONS AND ASSUMES RESPONSIBILITY FOR CORRECTING UNSUITABLE CONDITIONS ENCOUNTERED AT NO ADDITIONAL COST. 5. PANEL SCHEDULE INFORMATION FOR EXISTING PANELS IS PANEL SCHEDULE INFORMATION FOR EXISTING PANELS IS BASED ON AVAILABLE INFORMATION DURING DESIGN. VERIFY THAT PANEL SCHEDULES ARE ACCURATE AND NOTIFY CONTRACTING OFFICER OF ANY DISCREPANCY PRIOR TO COMMENCING WORK.  6. REMOVE ELECTRICAL EQUIPMENT WHERE INDICATED. REMOVE ELECTRICAL EQUIPMENT WHERE INDICATED. REMOVE CONDUIT, CIRCUIT CONDUCTORS, SWITCHES, LIGHTING FIXTURES AND MISCELLANEOUS APPLIANCES BACK TO ENERGIZING SOURCE OR JUNCTION BOX WHERE MULTIPLE EQUIPMENT IS POWERED.  7. CONDUCTOR MATERIAL, INCLUDING WIRING, PANELBOARD CONDUCTOR MATERIAL, INCLUDING WIRING, PANELBOARD BUSES, TRANSFORMER WINDINGS, AND GROUNDING MUST BE COPPER. ALUMINUM CONDUCTORS ARE NOT ALLOWED. 8. UNLESS OTHERWISE NOTED, FOR 20A-1P BRANCH CIRCUIT UNLESS OTHERWISE NOTED, FOR 20A-1P BRANCH CIRCUIT WIRING USE 2#12 AWG CONDUCTORS AND #12 GND. HOME RUNS FED FROM 20A-1P CIRCUITS IN EXCESS OF 100 FEET USE #10 AWG. 9. PROVIDE COMMERCIAL SPECIFICATION GRADE CONVENIENCE PROVIDE COMMERCIAL SPECIFICATION GRADE CONVENIENCE RECEPTACLES, GROUNDING TYPE NEMA 5-20R, SIDE WIRED. LEVITON, PASS AND SEYMOUR OR APPROVED EQUAL.  10. PROVIDE GALVANIZED STEEL WALL PLATES FOR MECHANICAL PROVIDE GALVANIZED STEEL WALL PLATES FOR MECHANICAL SPACES WIRING DEVICES, NYLON SMOOTH WALL PLATES FOR FINISHED PARTITIONED SPACES WIRING DEVICES, AND THERMOPLASTIC WALL PLATES FOR EXTERIOR WIRING DEVICES. 11. UNLESS OTHERWISE NOTED, PROVIDE TYPE EMT CONDUIT UNLESS OTHERWISE NOTED, PROVIDE TYPE EMT CONDUIT FOR INTERIOR RACEWAY, TYPE RGS CONDUIT FOR EXTERIOR RACEWAY, LIQUID TIGHT FLEXIBLE METAL CONDUIT FOR FINAL CONNECTIONS TO MOTORS, AND FLEXIBLE METAL CONDUIT FOR CONNECTIONS TO LIGHT FIXTURES (MAXIMUM 6FT LENGTH). 12. PROVIDED EQUIPMENT DISCONNECTS AND MANUAL MOTOR PROVIDED EQUIPMENT DISCONNECTS AND MANUAL MOTOR STARTERS UNLESS NOTED AS FURNISHED WITH EQUIPMENT (FWE). INCLUDE FUSES RATED FOR PROTECTION OF LOAD SUPPLIED. MOUNT ALL DISCONNECTS AND MOTOR STARTERS IN AN ACCESSIBLE LOCATION WITHIN SIGHT OF THE LOAD SERVED. ALL DISCONNECTS AND MOTOR STARTERS MUST BE LOCKABLE IN THE OPEN POSITION.  13. UNLESS OTHERWISE NOTED MOUNT CONVENIENCE UNLESS OTHERWISE NOTED MOUNT CONVENIENCE RECEPTACLES 18" AFF. MEASUREMENTS ARE MADE TO TOP OF DEVICE. 14. SEAL PENETRATIONS THROUGH FLOORS, RATED WALLS AND SEAL PENETRATIONS THROUGH FLOORS, RATED WALLS AND PARTITIONS WITH UL APPROVED FIRE SEALANT MATERIAL TO MAINTAIN THE RATING OF SEPARATION. 15. EQUIPMENT CONNECTIONS ARE SHOWN FOR EQUIPMENT CONNECTIONS ARE SHOWN FOR BASIS-OF-DESIGN PRODUCTS. COORDINATE EQUIPMENT CONNECTIONS - INCLUDING DISCONNECTING MEANS, OVERCURRENT PROTECTION, AND WIRE SIZING - WITH SELECTED MANUFACTURER'S RECOMMENDED INSTRUCTIONS. 16. COORDINATE FINAL DEVICE LOCATIONS IN PARTITIONED COORDINATE FINAL DEVICE LOCATIONS IN PARTITIONED SPACES WITH OWNER'S PROPOSED FURNITURE LAYOUT. 17. PROVIDE MOUNTING HARDWARE NECESSARY FOR A PROVIDE MOUNTING HARDWARE NECESSARY FOR A COMPLETE INSTALLATION. MOUNT EQUIPMENT AND ROUTE CONDUIT SO AS NOT TO INTERFERE WITH OPERATIONS SUCH AS OVERHEAD DOORS, DOOR SWINGS, ACCESS POINTS, AND OTHER INSTALLATIONS. 18. MANUFACTURER'S NAMES AND MODEL NUMBERS ARE USED MANUFACTURER'S NAMES AND MODEL NUMBERS ARE USED THROUGHOUT THE PROJECT FOR DESCRIPTIVE PURPOSES ONLY AND ARE INTENDED TO INDICATE THE STANDARD OF MATERIAL OR ARTICLES REQUIRED. DESIGN IS PREDICATED AROUND LISTED MANUFACTURERS AS NOTED ON SCHEDULES AND NOTES AND IS NOT INTENDED TO LIMIT THE CONTRACTOR TO ONE MANUFACTURER. 19. PROVIDE A 3-INCH HIGH REINFORCED CONCRETE PAD PROVIDE A 3-INCH HIGH REINFORCED CONCRETE PAD UNDER ALL FLOOR MOUNTED ELECTRICAL EQUIPMENT. 20. SUPPLY DISTRIBUTION EQUIPMENT FROM THE SAME SUPPLY DISTRIBUTION EQUIPMENT FROM THE SAME MANUFACTURER. APPROVED MANUFACTURERS INCLUDE SQUARE D, EATON/CUTLER-HAMMER, SIEMENS, OR APPROVED EQUAL. 21. GROUND THE ELECTRICAL DISTRIBUTION SYSTEM IN GROUND THE ELECTRICAL DISTRIBUTION SYSTEM IN ACCORDANCE WITH NEC ARTICLE 250 AND ELECTRICAL SPECIFICATIONS. 22. UNLESS OTHERWISE NOTED WIRING MUST BE AS UNLESS OTHERWISE NOTED WIRING MUST BE AS FOLLOWS: A. LOW VOLTAGE INTERIOR DISTRIBUTION AND BRANCH LOW VOLTAGE INTERIOR DISTRIBUTION AND BRANCH WIRING MUST BE 600V, COPPER WITH THHN/THWN INSULATION B. LOW VOLTAGE EXTERIOR DISTRIBUTION AND BRANCH LOW VOLTAGE EXTERIOR DISTRIBUTION AND BRANCH WIRING MUST BE 600V, COPPER WITH XHHW  INSULATION. 23. EQUIPMENT ENCLOSURES, SWITCHES, RECEPTACLES, AND EQUIPMENT ENCLOSURES, SWITCHES, RECEPTACLES, AND DEVICES MUST BE LABELED WITH THE SOURCE CIRCUIT AND EQUIPMENT CONTROLLED WHERE APPLICABLE. ALL PANELBOARDS AND SWITCHBOARDS MUST HAVE APPROPRIATE ARC-FLASH LABELS INSTALLED IN ACCORDANCE WITH NFPA 70E REQUIREMENTS. 
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SECTION 00300 – BID PROPOSAL FORM – CCSNH, REVISED FOR ADDENDUM 3 
 

PROPOSAL – STIPULATED BASE LUMP SUM GRAND TOTAL BID – GENERAL 
CONSTRUCTION 
 
PROPOSAL TO: Received no later than 2 PM, Thursday, September 12, 2024. 

Matthew Moore, PE 
memoore@ccsnh.edu 
Director of Capital Planning & Development 
Community College System of New Hampshire 
26 College Drive 
Concord, New Hampshire 03301 

 
     
 
SUBJECT:   Project #: WMC24-02 

Project Name: Berlin MEP Upgrades 
 
 

1. CERTIFICATION:  The undersigned Prime Contractor  
 

 Name of Firm: __________________________________________________________ 
  
 Address of Firm: ________________________________________________________ 
 
 Phone Number: _________________________________________________________  
 
 Email: ________________________________________________________________ 
 
 Signature: ______________________________________________________________ 
 
            Name and Title: _________________________________________________________ 
      (Contractor’s Name Printed Here) 

 
FOR 

  
BERLIN MEP UPGRADES  

IN BERLIN, NEW HAMPSHIRE 
 

CCSNH PROECT NO. WMC24-02 
 

To the Community College System of New Hampshire (CCSNH), hereinafter called the 
“OWNER”, requests bids for the furnishing of all labor, equipment, and materials required for the 
Berlin MEP Upgrades project in accordance with the Plans and Specifications prepared by Colby 
Company Engineering. of Portland, Maine and by Yeaton Associates. of Bedford, New 
Hampshire. 
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The undersigned, as bidder, declares that the only person or parties interested in this Proposal as 
principals are those named herein; that this Proposal is made without collusion with any other firm; 
that the undersigned has carefully examined the location of the proposed work, the proposed Form 
of Contract and the Plans and Specifications therein referred to; and the undersigned proposes and 
agrees if this Proposal is accepted, he will contract with the awarding authority to provide all 
necessary labor, machinery, tools, apparatus, and other means of construction and to do all the 
work and furnish all the materials specified in the Contract in the manner and time therein 
described and according to the requirements of the ENGINEER therein set forth; and the 
undersigned will take in full payment, therefore, the following unit and total prices, to write: 
SCHEDULE OF PRICES: NOTE: THIS PROPOSAL SHALL BE PREPARED BY THE BIDDER, WITH 
THE UNIT PRICES SPECIFIED IN BOTH WORDS AND FIGURES, AND THE EXTENSIONS MADE 
BY THE BIDDER.   

QUANTITIES SHOWN ARE FOR THE CONVENEINCE OF THE CONTRACTOR AND SHALL BE 
VERIFIED BY THE CONTRACTOR AND ARE NOT GURARANTEED QUANITY VALUES.  

THIS IS NOT A UNIT BID CONTRACT, AND THE CONTRACT PAYMENT AND TERMS AND 
CONDITIONS SHALL BE GOVERNED BY THE CONTRACT GENERAL PROVISIONS. 

UNIT BIDS ARE SOLELY FOR THE PURPOSE OF COMPARING BIDS AND MAKING PARTIALLY 
PAYMENTS TO CONTRACTORS. 

UNIT PRICES AND TOTAL AMOUNT MUST BE EXPRESSED IN BOTH WRITTEN AND FIGURES. 

IN THE EVENT OF DISCREPANCY, THE AMOUNT IN WORDS SHALL GOVERN. 
 
1. AWARD OF CONTRACT 
 
Bidders must show three recent years’ experience with installations of a similar complexity and 
cost and prior experience with installations of the materials within 100 miles of the project site. 
 
The successful bidder will be required to comply with State of New Hampshire RSA#21-1:81-a. 
The successful bidder will be required to furnish a 100% payment and 100% performance bond 
prior to execution of contract. 
 
2. BASE BID(Stipulated sum) 
 
The award will be based on the proposal that best meets the needs of the college. Factors 
included will be the cost, completeness of the proposal, quality of the technology provided, and 
experience of the contractor and installation team. The college reserves the right to waive any 
informality in or to reject any or all proposals. 
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  Item Descriptions and Amount  

Item No. Quantity Unit Prices Bid In Words Dollars Cents 
1 
 

1 Colby Company, Inc. drawings and 

specifications 

 at  ____________________ Dollars 

 and ___________________ Cents 

 per UNIT   
2 
 

1 Yeaton Associates drawings and specifications 

 at  ____________________ Dollars 

 and ___________________ Cents 

 per UNIT   
 
 

TOTAL BASE BID  LUMP SUM GRAND TOTAL BID , sum Item No. 1 & 2: 
 
 
______________________________________________________________________ 

 (Words) 
 
_____________________________________DOLLARS ($______________________) 
                     (Figures) 

 
 
It is agreed that the Grand Total Price calculated above represents the Contractor’s Total Price for 
all the project work.   
 
The undersigned as bidder understands and agrees that the quantities of work as given for each 
item (except lump sum items) in this proposal are only approximate and are assumed solely for the 
comparison of proposals.   They are not guaranteed to be accurate statements of estimates of the 
quantities of work to be performed under this Contract, and any departure therefrom will not be 
accepted as valid grounds for any claim for loss of profits.  In case of variation between unit prices 
and total prices stated by bidder, the unit prices will be considered to be his bid. 
 
The undersigned further agrees to comply with the requirements as to conditions of employment, 
wage rates and hours of labor set forth in the Contract Documents. 
 
The undersigned hereby agrees to reach final completion of all the work, shown or specified under 
this Contract and as shown on the Contract Drawings as follows: 

1. Final completion by April  30, 2025 
 
The undersigned agrees that, if he is selected as CONTRACTOR, he will, within five (5) days 
after the award, execute a Contract in the form attached hereto and furnish a performance bond 
and also a labor and materials or payment bond, each of a surety company qualified to do business 
under the laws of New Hampshire and satisfactory to the Awarding authority and each in the sum 
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of one hundred percent (100%) of the Contract price, the premiums for which are to be paid by the 
CONTRACTOR and are included in the various unit prices bid. 
 
The undersigned understands that the OWNER reserves the right to reject any or all bids and to 
waive any informalities in the bidding. 
 
ADDENDUM RECEIPT 
The undersigned Contractor acknowledges the receipt of the following Addenda to the Bidding and 
Contract Documents, but he agrees that he is bound by all Addenda, whether or not listed herein: 
 

Addendum No.__________________________Dated:____________________________ 
 
Addendum No.__________________________Dated:____________________________ 
 
Addendum No.__________________________Dated:____________________________ 

 

All required qualification forms found in 

DOCUMENT 001153 - REQUEST FOR QUALIFICATIONS 

 to be submitted with Bid forms. 
 
 ______________________________________  
 Contractor (Bidder)        (Seal) 
 
 
 ______________________________________  
 (Signature and Title) 
 
 
 Address _______________________________  
 
 ______________________________________  
 
 
 
Being a (corporation incorporated) Composed of officers, 
 (under the laws of the) partners, or owner, as 
 (State of _______________) follows: 
 (Partnership       ) 
 (Individual         )  _____________________________  
   _____________________________  
 
   _____________________________  
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STATEMENT OF NON-COLLUSION 

 

By submission of this bid, each bidder and each person signing on behalf of any bidder certifies, and 
in the case of a joint bid each party thereto certifies as to its own organization, under penalty of perjury, 
that to the best of his knowledge and belief: (1) The prices in this bid have been arrived at independently 
without collusion, consultation, communications, or agreement, for the purpose of restricting 
competition as to any matter relating to such prices with any other bidder or with any competitor; (2) 
Unless required by law, the prices which have been quoted in this bid have not been knowingly 
disclosed by the bidder prior to opening, directly or indirectly, to any other bidder or to any other 
competitor, and (3) No attempt has been made or will be made by the bidder to induce any other person, 
partnership or corporation to submit or not to submit a bid for the purpose of restricting competition. 

 

SIGNATURE:__________________________________________________________________ 

NAME:________________________________________________________________________ 

TITLE:________________________________________________________________________ 

DATE:________________________________________________________________________ 

PHONE:_______________________________________________________________________ 

EMAIL:_______________________________________________________________________ 

 

    Corporate Seal: 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

End of Document 
 


	Addendum 3_WMC24-02 Berlin MEP Upgrades
	230900 - INSTRUMENTATION AND CONTROL FOR MECHANICAL SYSTEMS
	230923 FL - DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC
	PART 1 -  GENERAL
	1.1 SCOPE OF WORK
	A. This project involves furnishing, installing, configuring, and testing a Building Automation System (BAS) with graphical user interface (GUI) for the White Mountain Community College Berlin Campus, herein referred to as Berlin. The BAS and GUI must...
	B. Network controllers (JACEs) and field controllers are existing at ATL and must be integrated into the BAS. Network controllers (JACEs) and field controllers at Berlin associated with equipment being replaced under this project must be replaced as p...
	C. The new BAS shall be integrated into the Owner’s central server, which utilizes a Niagara N4 platform. Contractor shall coordinate with the manager of the central server to receive access information necessary to integrate the Berlin and ATL DDC ne...
	D. The BAS shall perform supervisory monitoring and supervisory control of campus-wide building control systems using Niagara N4 Framework.
	E. Contractor shall integrate existing DDC controllers and provide new DDC controllers, where specified in the construction drawings, including all components, software and applications required to meet the sequence of operation and the design/perform...
	F. Contractor shall verify all existing DDC control points in order to create control drawings and graphics.
	G. All existing conditions must be field verified by the contractor. As-built mechanical drawings are available on-site, coordinate with Owner to review.
	H. The network controllers and Building Automation System (BAS) software installed as part of this project shall be the latest versions offered by the manufacturer and the manufacturer must demonstrate to the extent possible that these products will b...
	I. The contractor must be responsible for the Network Area Controllers (NAC, also referred to as a JACE), software and programming of the NAC, graphical user interface software (GUI), development of all graphical screens, Web browser pages, setup of s...
	J. The contractor must be responsible for any new open protocol controllers (OPC), control devices, control panels, controller programming, controller programming software, controller input/output and power wiring and controller network wiring.
	K. Furnish all labor, materials, equipment, and service necessary for a complete and operating Building Automation System (BAS), utilizing Direct Digital Controls as shown on the drawings and as described herein. Drawings are diagrammatic only.
	L. All labor, material, equipment and software not specifically referred to herein or on the Drawings, that is required to meet the functional intent of this specification, shall be provided without additional cost to the Owner.
	M. Contractor shall coordinate phasing with the Owner. If there will be any system or utility outages as a result of the work, this must be communicated and coordinated with the Owner at least three weeks in advance.
	N. Contractor must meet all Owner requirements for graphics, alarms, and network integration. Provide log-in credentials to all parties required by the Owner.
	O. The prime controls contractor must perform all programming and testing. Subcontractors are not permitted for this work.

	1.2 SYSTEM DESCRIPTION
	A. The intent of this specification is to provide an open NiCS (Niagara Interoperability and Compatibility Statement) Building Automation System (BAS) based on an approved, open platform and a network of freely programmable interoperable open protocol...
	B. Open source as referred to herein shall mean that the Network Area Controller and the Interoperable Digital BACnet Controller (IDC) products are available from multiple contractor and vendor sources, affording the owner freedom of choice and compet...
	C. The Building Automation System consists of a high-speed, peer-to-peer network of servers, routers, network switches and stand-alone supervisory controllers. This network provides the capability to integrate BACnet, LonWorks, MODBUS, OPC and other o...
	1. A web based controller and server with a network interface card gathers data from this system and generates web pages accessible through a web browser on each workstation connected to the network. Operators are able to perform normal and expanded o...
	2. The system installed in this project including all associated equipment, licenses, and accessories, shall tie into the existing Community College Statewide Niagara N4 Server. Each network controller shall communicate to other open and legacy protoc...
	3. The BAS is comprised of supervisory controllers which are based on a hierarchical architecture incorporating Niagara N4 Framework™. All new and replacement equipment shall be compliant with the Niagara N4 Framework.

	D. The Building Automation System must be comprised of Network Area Controller or Controllers (JACE) within each facility. From herein, NAC must refer to a JACE. The NAC must connect to the Owner’s local or wide area network, depending on configuratio...
	E. The BAS Installation shall be integrated into the existing cloud-based Niagara N4 Supervisor. The Niagara Supervisor provides the communication between the NAC and web browsers.
	F. The BAS must provide full graphic software capable of complete system operation for up to 34 simultaneous workstations.
	G. The BAS shall provide full graphic operator interface to include the following graphics as a minimum:
	1. Home page to include Outside Air Temperature, Outside Air Relative Humidity, Enthalpy, etc.
	2. Graphic floor plans accurately depicting rooms, walls, hallways, and showing accurate locations of space sensors and major mechanical equipment.
	3. Detail graphics for each mechanical system.
	4. Provide access to corresponding system drawings, technical literature, and sequences of operations directly from each system graphic.

	H. The BAS must provide automated alarming software capable of sending messages to email compatible cellular telephones via the Owner’s e-mail service.  The email alarm paging system must be able to segregate users, time schedules, and equipment, and ...
	I. The system shall perform supervisory monitoring and control functions including but not limited to Scheduling, Alarm Handling, Trending, Overrides, Report Generation, and Electrical Demand Limiting as specified.
	J. The system shall include a Graphical User Interface which shall allow for graphical navigation between systems, graphical representations of systems, access to real-time data for systems, ability to override points in a system, and access to all su...
	K. The contractor must provide the appropriate quantity of legal copies of all software used to install and configure the BAS. The Owner must be named the license holder for all software associated with any and all incremental work in the project.
	L. Provide sufficient documentation and data, including rights to documentation and data, such that the owner or their agents can execute work to repair, replace, upgrade, and expand the system without subsequent or future dependence on the Contractor.
	M. The intent of this specification is to provide an open source BAS based on the Niagara N4 Platform.  Any new field level controllers shall be fully programmable via the embedded Niagara Workbench tool requiring only a web browser. Products requirin...

	1.3 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.4 SUMMARY
	A. Section Includes:
	1. DDC system for monitoring and controlling of HVAC systems.

	B. Related Requirements:
	1. Raceways:
	a. Section 260533 "Raceways and Boxes for Electrical Systems" for raceways for low-voltage control cable.



	1.5 DEFINITIONS
	A. Algorithm: A logical procedure for solving a recurrent mathematical problem. A prescribed set of well-defined rules or processes for solving a problem in a finite number of steps.
	B. Analog: A continuously varying signal value, such as current, flow, pressure, or temperature.
	C. BACnet Specific Definitions:
	1. BACnet: Building Automation Network Protocol, ASHRAE 135. A communications protocol allowing devices to communicate data over and services over a network.
	2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of BACnet functionality that is needed to perform a particular task. BIBBs are combined to build the BACnet functional requirements for a device.
	3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet messages over IP networks. A BACnet/IP network is a collection of one or more IP subnetworks that share the same BACnet network number.
	4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for compliance with ASHRAE 135, operated under direction of BACnet International.
	5. PICS (Protocol Implementation Conformance Statement): Written document that identifies the particular options specified by BACnet that are implemented in a device.

	D. Binary: Two-state signal where a high signal level represents ON" or "OPEN" condition and a low signal level represents "OFF" or "CLOSED" condition. "Digital" is sometimes used interchangeably with "Binary" to indicate a two-state signal.
	E. Controller: Generic term for any standalone, microprocessor-based, digital controller residing on a network, used for local or global control. Three types of controllers are indicated: Network Controller, Programmable Application Controller, and Ap...
	F. Control System Integrator: An entity that assists in expansion of existing enterprise system and support of additional operator interfaces to I/O being added to existing enterprise system.
	G. COV: Changes of value.
	H. DDC: Direct Digital Controls.
	I. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer and responsible for execution of DDC system Work indicated.
	J. Distributed Control: Processing of system data is decentralized and control decisions are made at subsystem level. System operational programs and information are provided to remote subsystems and status is reported back. On loss of communication, ...
	K. Gateway: Bidirectional protocol translator that connects control systems that use different communication protocols.
	L. I/O: System through which information is received and transmitted. I/O refers to analog input (AI), binary input (BI), analog output (AO) and binary output (BO). Analog signals are continuous and represent control influences such as flow, level, mo...
	M. JACE: Java Application Control Engine.
	N. LAN: Local area network.
	O. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control, signaling power-limited circuits.
	P. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular data network and running a native control application or accessing a web interface.
	Q. MS/TP: Master-slave/token-passing, IEE 8802-3. Datalink protocol LAN option that uses twisted-pair wire for low-speed communication.
	R. MTBF: Mean time between failures.
	S. Network Controller: Digital controller, which supports a family of programmable application controllers and application-specific controllers, that communicates on peer-to-peer network for transmission of global data.
	T. Network Repeater: Device that receives data packet from one network and rebroadcasts it to another network. No routing information is added to protocol.
	U. Peer to Peer: Networking architecture that treats all network stations as equal partners.
	V. POT: Portable operator's terminal.
	W. RAM: Random access memory.
	X. Router: Device connecting two or more networks at network layer.
	Y. Server: Computer used to maintain system configuration, historical and programming database.
	Z. SQL: Structured Query Language.
	AA. USB: Universal Serial Bus.
	BB. User Datagram Protocol (UDP): This protocol assumes that the IP is used as the underlying protocol.
	CC. VAV: Variable air volume.
	DD. WAN: Wide-area network.

	1.6 PREINSTALLATION MEETINGS
	A. Preinstallation Conference: Conduct conference at Project site.

	1.7 ACTION SUBMITTALS
	A. Product Data: For each type of product include the following:
	1. Construction details, material descriptions, dimensions of individual components and profiles, and finishes.
	2. 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...
	3. Product description with complete technical data, performance curves, and product specification sheets.
	4. Installation, operation and maintenance instructions including factors affecting performance.
	5. Bill of materials of indicating quantity, manufacturer, and extended model number for each unique product.
	a. DDC controllers.
	b. Enclosures.
	c. Electrical power devices.
	d. Accessories.
	e. Instruments.
	f. Control dampers and actuators.
	g. Control valves and actuators.

	6. When manufacturer's product datasheets apply to a product series rather than a specific product model, clearly indicate and highlight only applicable information.

	B. Software Submittal:
	1. Description and technical data of all software provided, and cross-referenced to products in which software will be installed.
	2. Include a flow diagram and an outline of each subroutine that indicates each program variable name and units of measure.
	3. Description of operator interface to alphanumeric and graphic programming.
	4. Description of each network communication protocol.
	5. Description of system database, including all data included in database, database capacity and limitations to expand database.
	6. Description of each application program and device drivers to be generated, including specific information on data acquisition and control strategies showing their relationship to system timing, speed, processing burden and system throughout.
	7. 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.

	C. Shop Drawings:
	1. General Requirements:
	a. Include cover drawing with Project name, location, Owner, Engineer, Contractor and issue date with each Shop Drawings submission.
	b. Include a drawing index sheet listing each drawing number and title that matches information in each title block.

	2. DDC system network riser diagram indicating the following:
	a. Each device connected to network with unique identification for each.
	b. Interconnection of each different network in DDC system.
	c. For each network, indicate communication protocol, speed and physical means of interconnecting network devices, such as copper cable type, or optical fiber cable type. Indicate raceway type and size for each.

	3. DDC system electrical power riser diagram indicating the following:
	a. Each point of connection to field power with requirements (volts/phase/hertz/amperes/connection type) listed for each.
	b. Each control power supply.
	c. Each product requiring power with requirements (volts/phase//hertz/amperes/connection type) listed for each.
	d. Power wiring type and size, race type, and size for each.

	4. Monitoring and control signal diagrams indicating the following:
	a. Control signal cable and wiring between controllers and I/O.
	b. Point-to-point schematic wiring diagrams for each product.


	D. System Description:
	1. Full description of DDC system architecture, network configuration, operator interfaces and peripherals, servers, controller types and applications, routers and other network devices, and power supplies.
	2. Complete listing and description of each report, log and trend for format and timing and events which initiate generation.
	3. System and product operation under each potential failure condition including, but not limited to, the following:
	a. Loss of power.
	b. Loss of network communication signal.
	c. Loss of controller signals to inputs and outpoints.
	d. Server failure.
	e. Network failure.
	f. Controller failure.
	g. Instrument failure.
	h. Control damper and valve actuator failure.

	4. Complete bibliography of documentation and media to be delivered to Owner.
	5. Description of testing plans and procedures.
	6. Description of Owner training.

	E. Delegated-Design Submittal: For DDC system products and installation indicated as being delegated.
	1. Supporting documentation showing DDC system design complies with performance requirements indicated, including calculations and other documentation necessary to prove compliance.
	2. Schedule and design calculations for control dampers and actuators.
	a. Flow at Project design and minimum flow conditions.
	b. Face velocity at Project design and minimum airflow conditions.
	c. Maximum close-off pressure.
	d. Torque required at worst case condition for sizing actuator.
	e. Actuator selection indicating torque provided.
	f. Actuator signal to control damper (on, close or modulate).
	g. Actuator position on loss of power.
	h. Actuator position on loss of control signal.

	3. Schedule and design calculations for control valves and actuators.
	a. Flow at Project design and minimum flow conditions.
	b. Maximum close-off pressure.
	c. Torque required at worst case condition for sizing actuator.
	d. Actuator selection indicating torque provided.
	e. Actuator signal to control damper (on, close or modulate).
	f. Actuator position on loss of power.
	g. Actuator position on loss of control signal.

	4. Schedule and design calculations for selecting flow instruments.
	a. Instrument flow range.
	b. Project design and minimum flow conditions with corresponding accuracy, control signal to transmitter and output signal for remote control.
	c. Extreme points of extended flow range with corresponding accuracy, control signal to transmitter and output signal for remote control.
	d. Pressure-differential loss across instrument at Project design flow conditions.
	e. Where flow sensors are mated with pressure transmitters, provide information for each instrument separately and as an operating pair.



	1.8 INFORMATIONAL SUBMITTALS
	A. Manufacturer's qualification data.
	B. Product Certificates:
	1. Data Communications Protocol Certificates: Certifying that each proposed DDC system component complies with ASHRAE 135.

	C. Product Test Reports: For each product that requires testing to be performed by a qualified testing agency.
	D. Field quality-control reports.
	E. Sample Warranty: For manufacturer's warranty.

	1.9 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For DDC system to include in operation and maintenance manuals. Provide one hardcopy of the O&M manual, an electronic PDF copy of the O&M manual on a flash drive, and one separate full-size set of as-built control dr...
	1. Include the following:
	a. Project Record Drawings of as-built versions of submittal Shop Drawings.
	b. Testing reports and checklists of completed final versions of reports, checklists, and trend logs.
	c. As-built versions of submittal Product Data.
	d. Names, addresses, e-mail addresses and 24-hour telephone numbers of Installer and service representatives for DDC system and products.
	e. Operator's manual with procedures for operating control systems including logging on and off, handling alarms, producing point reports, trending data, overriding computer control and changing set points and variables.
	f. Programming manuals with description of programming language and syntax, of statements for algorithms and calculations used, of point database creation and modification, of program creation and modification, and of editor use.
	g. Engineering, installation, and maintenance manuals that explain how to:
	1) Design and install new points, panels, and other hardware.
	2) Perform preventive maintenance and calibration.
	3) Debug hardware problems.
	4) Repair or replace hardware.

	h. Documentation of all programs created using custom programming language including set points, tuning parameters, and object database.
	i. Backup copy of graphic files, programs, and database on electronic media such as DVDs.
	j. List of recommended spare parts with part numbers and suppliers.
	k. Complete original-issue documentation, installation, and maintenance information for furnished third-party hardware including computer equipment and sensors.
	l. Complete original-issue copies of furnished software, including operating systems, custom programming language, and graphics software.
	m. Licenses, guarantees, and warranty documents.
	n. Recommended preventive maintenance procedures for system components, including schedule of tasks such as inspection, cleaning, and calibration; time between tasks; and task descriptions.
	o. Owner training materials.



	1.10 QUALITY ASSURANCE
	A. The Contractor must be a direct, wholly owned branch of a national control's manufacturer, or a representative not a wholesale distributor.
	B. Quality of Compliance: Control systems shall be installed by trained control mechanics regularly employed in installation and calibration of BAS equipment by the manufacturer of the proposed equipment to be installed.
	C. Contractor Requirements
	1. Contractor must be an authorized and approved representative of, and trained by, the DDC system manufacturer.
	2. Each person assigned to Project shall have demonstrated past experience.
	3. Staffing resources of competent and experienced full-time employees that are assigned to execute work according to schedule.
	4. Service and maintenance staff assigned to support Project during warranty period.
	5. The BAS Contractor shall have an established 24-hour emergency service organization. A dedicated telephone number shall be provided to the Owner for requesting emergency service. The BAS Contractor shall guarantee that within a maximum of four hour...

	D. DDC System Manufacturer Qualifications:
	1. Nationally recognized manufacturer of DDC systems and products.
	2. DDC systems with similar requirements to those indicated for a continuous period of five years within time of Bid.
	3. DDC systems and products that have been successfully tested and in use on at least ten past projects.
	4. Having complete published catalog literature, installation, operation and maintenance manuals for all products intended for use.
	5. Having full-time in-house employees for the following:
	a. Product research and development.
	b. Product and application engineering.
	c. Product manufacturing, testing and quality control.
	d. Technical support for DDC system installation training and troubleshooting of installations.
	e. Owner operator training.



	1.11 SOFTWARE LICENSE AGREEMENT
	A.  The Owner shall be the named license holder of all software associated with any and all work on the project.

	1.12 WARRANTY
	A. Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace products that fail in materials or workmanship within specified warranty period.
	1. Failures shall be adjusted, repaired, or replaced at no additional cost or reduction in service to Owner.
	2. Include updates or upgrades to software and firmware if necessary to resolve deficiencies.
	a. Install updates only after receiving Owner's written authorization.

	3. Warranty service shall occur during normal business hours and commence within 16 hours of Owner's warranty service request.
	4. Warranty Period:  One year from date of Substantial Completion.
	5. Extended Installer Warranty: Five years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	1. Tridium Vykon
	2. Distech
	3. Johnson Controls Facility Explorer
	4. Approved equal.
	a. Substitute manufacturers must be submitted during the Bid process and no substitutes will be accepted after the contract is awarded.
	1. Calendar functions
	2. Scheduling
	3. Trending
	4. Alarm monitoring and routing
	5. Time synchronization
	6. Integration of Open Protocol controller data
	7. Network Management functions for Open Protocol based devices
	1. One Ethernet Port – 10/100 Mbps
	2. One RS-232 port
	3. One RS-485 port if Open Protocol controllers are used.
	4. Battery Backup
	5. Flash memory for long term data backup (If battery backup or flash memory is not supplied, the controller must contain a hard disk with at least 1 gigabyte storage capacity)
	6. The NAC must be capable of operation over a temperature range of 32 to 122 F
	7. The NAC must be capable of withstanding storage temperatures of between 0 and 158 F
	8. The NAC must be capable of operation over a humidity range of 5 to 95% RH, non-condensing
	1. The NAC must provide alarm recognition, storage; routing, management, and analysis to supplement distributed capabilities of equipment or application specific controllers.
	2. The NAC must be able to route any alarm condition to any defined user location.
	3. Alarm generation must be selectable for annunciation type and acknowledgement requirements including, but not limited to:
	a. In alarm
	b. Return to normal
	c. Fault condition
	4. Provide for the creation of a minimum of eight alarm classes for the purpose of routing types and/or classes of alarms, i.e.: security, HVAC, Fire, etc.
	5. Provide timed (schedule) routing of alarms by class, object, group, or node.
	6. Provide alarm generation from binary object “runtime” and/or event counts for equipment maintenance.  The user must be able to reset runtime or event count values with appropriate password control.
	1. Screen message text
	2. Email of the complete alarm message to multiple recipients via the Owner’s e-mail service.  Provide the ability to route and email alarms based on:
	a. Day of week
	b. Time of day
	c. Recipient
	3. Pagers via paging services that initiate a page on receipt of email message via the Owner’s e-mail service
	4. Graphic with flashing alarm object(s)
	1. Time and date
	2. Location (building, floor, zone, office number, etc.)
	3. Equipment (air handler #, access way, etc.)
	4. Acknowledge time, date, and user who issued acknowledgement.
	5. Number of occurrences since last acknowledgement.
	1. Designating the log as interval or deviation.
	2. For interval logs, the object must be configured for time of day, day of week and the sample collection interval.
	3. For deviation logs, the object must be configured for the deviation of a variable to a fixed value.  This value, when reached, will initiate logging of the object.
	4. For all logs, provide the ability to set the maximum number of data stores for the log and to set whether the log will stop collecting when full, or rollover the data on a first-in, first-out basis.
	5. Each log must have the ability to have its data cleared on a time-based event or by a user-defined event or action.
	1. HTML
	2. XML
	3. Plain Text
	4. Comma or tab separated values
	5. PDF
	1. Archive on time of day
	2. Archive on user-defined number of data stores in the log (buffer size)
	3. Archive when log has reached its user-defined capacity of data stores
	4. Provide ability to clear logs once archived
	1. Time and date
	2. User ID
	3. Change or activity: i.e., Change setpoint, add or delete objects, commands, etc.

	1. Graphic screens must be developed using any drawing package capable of generating a GIF, PNG, or JPG file format.  Use of proprietary graphic file formats must not be acceptable. In addition to, or in lieu of, a graphic background the GUI must supp...
	2. Graphic screens must have the capability to contain objects for text, real-time values, animation, color spectrum objects, logs, graphs, HTML or XML document links, schedule objects, hyperlinks to other URL’s, and links to other graphic screens.
	3. Graphics must support layering and each graphic object must be configurable for assignment to a layer.  A minimum of six layers must be supported.
	4. Modifying common application objects, such as schedules, calendars, and set points must be accomplished in a graphical manner.
	a. Schedule times will be adjusted using a graphical slider, without requiring any keyboard entry from the operator.
	b. Holidays must be set by using a graphical calendar without requiring any keyboard entry from the operator.
	5. Commands to start and stop binary objects must be done by right-clicking the selected object and selecting the appropriate command from the pop-up menu.  No text entry must be required.
	6. Adjustments to analog objects, such as set points, must be done by right-clicking the selected object and using a graphical slider to adjust the value. No text entry must be required
	1. Create, delete, or modify control strategies.
	2. Add or delete objects to the system.
	3. Tune control loops through the adjustment of control loop parameters.
	4. Enable or disable control strategies.
	5. Generate hard copy records or control strategies on a printer.
	a. Select points to be alarm-able and define the alarm state.
	b. Select points to be trended over a period of time and initiate the recording of values automatically.
	1. The system must be provided with a dedicated alarm window or  console.   This window will notify the operator of an alarm condition and allow the operator to view details of the alarm and acknowledge the alarm.  The use of the Alarm Console may be ...
	2. When the Alarm Console is enabled, a separate alarm notification window will supersede all other windows on the desktop and must not be capable of being minimized or closed by the operator. This window will notify the operator of new alarms and una...
	A. DDC System Speed:
	1. Response Time of Connected I/O:
	a. AI point values connected to DDC system shall be updated at least every five seconds for use by DDC controllers. Points used globally shall also comply with this requirement.
	b. BI point values connected to DDC system shall be updated at least every five seconds for use by DDC controllers. Points used globally shall also comply with this requirement.
	c. AO points connected to DDC system shall begin to respond to controller output commands within two second(s). Global commands shall also comply with this requirement.
	d. BO point values connected to DDC system shall respond to controller output commands within two second(s). Global commands shall also comply with this requirement.

	2. Display of Connected I/O:
	a. Analog point COV connected to DDC system shall be updated and displayed at least every 10 seconds for use by operator.
	b. Binary point COV connected to DDC system shall be updated and displayed at least every 10 seconds for use by operator.
	c. Alarms of analog and digital points connected to DDC system shall be displayed within 45 seconds of activation or change of state.
	d. Graphic display refresh shall update within eight seconds.
	e. Point change of values and alarms displayed from workstation to workstation when multiple operators are viewing from multiple workstations shall not exceed graphic refresh rate indicated.


	B. Network Bandwidth: Design each network of DDC system to include at least 30 percent available spare bandwidth with DDC system operating under normal and heavy load conditions indicated. Calculate bandwidth usage, and apply a safety factor to ensure...
	C. DDC System Data Storage:
	1. Include capability to archive not less than 24 consecutive months of historical data for all I/O points connected to system, including alarms, event histories, transaction logs, trends and other information indicated.
	2. Cloud Storage:
	a. Connect to existing Niagara N4 cloud-based server. Cloud storage shall use IT industry standard database platforms and be capable of functions described in "DDC Data Access" Paragraph.


	D. DDC Data Access:
	1. When logged into the system, operator shall be able to also interact with any DDC controller connected to DDC system as required for functional operation of DDC system.
	2. System(s) shall be used for application configuration; for archiving, reporting and trending of data; for operator transaction archiving and reporting; for network information management; for alarm annunciation; and for operator interface tasks and...

	E. Future Expandability:
	1. DDC system size shall be expandable to an ultimate capacity of at least two times total I/O points indicated.
	2. Additional DDC controllers, I/O and associated wiring shall be all that is needed to achieve ultimate capacity. Initial network infrastructure shall be designed and installed to support ultimate capacity.
	3. Operator interfaces installed initially shall not require hardware and software additions and revisions for ultimate capacity.

	F. Environmental Conditions for Controllers:
	1. Products shall operate without performance degradation under ambient environmental temperature, pressure and humidity conditions encountered for installed location.
	a. If product alone cannot comply with requirement, install product in a protective enclosure that is isolated and protected from conditions impacting performance. Enclosure shall be internally insulated, electrically heated, cooled and ventilated as ...

	2. Products shall be protected with enclosures satisfying the following minimum requirements unless more stringent requirements are indicated. Products not available with integral enclosures complying with requirements indicated shall be housed in pro...
	a. Indoors, Heated and Air Conditioned:  Type 1.
	b. Mechanical Equipment Rooms:
	1) Chiller and Boiler Rooms:  Type 12.
	2) Air-Moving Equipment Rooms:  Type 1.



	G. Environmental Conditions for Instruments and Actuators:
	1. Instruments and actuators shall operate without performance degradation under the ambient environmental temperature, pressure, humidity, and vibration conditions specified and encountered for installed location.
	a. If instruments and actuators alone cannot comply with requirement, install instruments and actuators in protective enclosures that are isolated and protected from conditions impacting performance. Enclosure shall be internally insulated, electrical...

	2. Instruments, actuators and accessories shall be protected with enclosures satisfying the following minimum requirements unless more stringent requirements are indicated. Instruments and actuators not available with integral enclosures complying wit...
	a. Outdoors, Protected:  Type 2.
	b. Outdoors, Unprotected:  Type 4.
	c. Indoors, Heated with Filtered Ventilation:  Type 1.
	d. Indoors, Heated and Air-conditioned:  Type 1.
	e. Mechanical Equipment Rooms:
	1) Chiller and Boiler Rooms:  Type 12.
	2) Air-Moving Equipment Rooms:  Type 1.



	H. DDC System Reliability:
	1. Design, install and configure DDC controllers, to yield a MTBF of at least 40,000 hours, based on a confidence level of at least 90 percent. MTBF value shall include any failure for any reason to any part of products indicated.
	2. If required to comply with MTBF indicated, include DDC system and product redundancy to maintain DCC system, and associated systems and equipment that are being controlled, operational and under automatic control.
	3. Critical systems and equipment that require a higher degree of DDC system redundancy than MTBF indicated shall be indicated on Drawings.

	I. Electric Power Quality:
	1. Power-Line Surges:
	a. Protect susceptible DDC system products connected to ac power circuits from power-line surges to comply with requirements of IEEE C62.41.
	b. Do not use fuses for surge protection.
	c. Test protection in the normal mode and in the common mode, using the following two waveforms:
	1) 10-by-1000-mic.sec. waveform with a peak voltage of 1500 V and a peak current of 60 A.
	2) 8-by-20-mic.sec. waveform with a peak voltage of 1000 V and a peak current of 500 A.


	2. Ground Fault: Protect products from ground fault by providing suitable grounding. Products shall not fail due to ground fault condition.

	A. Network communication protocol(s) used throughout entire DDC system shall be open to Owner and available to other companies for use in making future modifications to DDC system.
	B. ASHRAE 135 Protocol:
	1. ASHRAE 135 communication protocol shall be sole and native protocol used throughout entire DDC system.
	2. DDC system shall not use new gateways. Network controllers must be capable of integrating all existing field devices.
	3. Controllers and other network devices shall be tested and listed by BACnet Testing Laboratories.

	A. DDC system shall consist of a combination of network controllers, programmable application controllers and application-specific controllers to satisfy performance requirements indicated.
	B. DDC controllers shall perform monitoring, control, energy optimization and other requirements indicated.
	C. DDC controllers shall use a multitasking, multiuser, real-time digital control microprocessor with a distributed network database and intelligence.
	D. Each DDC controller shall be capable of full and complete operation as a completely independent unit and as a part of a DDC system wide distributed network.
	E. Environment Requirements:
	1. Controller hardware shall be suitable for the anticipated ambient conditions.

	F. Power and Noise Immunity:
	1. Controller shall operate at 90 to 110 percent of nominal voltage rating and shall perform an orderly shutdown below 80 percent of nominal voltage.
	2. Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios with up to 5 W of power located within 36 inches of enclosure.

	G. DDC Controller Spare Processing Capacity:
	1. Include spare processing memory for each controller. RAM, PROM, or EEPROM will implement requirements indicated with the following spare memory:
	a. Network Controllers:  50 percent.
	b. Programmable Application Controllers: Not less than 60 percent.
	c. Application-Specific Controllers: Not less than 70 percent.

	2. Memory shall support DDC controller's operating system and database and shall include the following:
	a. Monitoring and control.
	b. Energy management, operation and optimization applications.
	c. Alarm management.
	d. Historical trend data of all connected I/O points.
	e. Maintenance applications.
	f. Operator interfaces.
	g. Monitoring of manual overrides.


	H. DDC Controller Spare I/O Point Capacity: Include spare I/O point capacity for each controller as follows:
	1. Network Controllers:
	a. 20 percent of each AI, AO, BI, and BO point connected to controller.
	b. Minimum Spare I/O Points per Controller:
	1) AIs:  Two.
	2) AOs:  Two.
	3) BIs:  Three.
	4) BOs:  Three.


	2. Programmable Application Controllers:
	a. 20 percent of each AI, AO, BI, and BO point connected to controller.
	b. Minimum Spare I/O Points per Controller:
	1) AIs:  Two.
	2) AOs:  Two.
	3) BIs:  Three.
	4) BOs:  Three.


	3. Application-Specific Controllers:
	a. 10 percent of each AI, AO, BI, and BO point connected to controller.
	b. Minimum Spare I/O Points per Controller:
	1) AIs:  One.
	2) AOs:  One.
	3) BIs:  One.
	4) BOs:  One.



	I. Maintenance and Support: Include the following features to facilitate maintenance and support:
	1. Mount microprocessor components on circuit cards for ease of removal and replacement.
	2. Means to quickly and easily disconnect controller from network.
	3. Means to quickly and easily access connect to field test equipment.
	4. Visual indication that controller electric power is on, of communication fault or trouble, and that controller is receiving and sending signals to network.

	J. Input and Output Point Interface:
	1. Hardwired input and output points shall connect to network, programmable application and application-specific controllers.
	2. Input and output points shall be protected so shorting of point to itself, to another point, or to ground will not damage controller.
	3. Input and output points shall be protected from voltage up to 24 V of any duration so that contact will not damage controller.

	A. General Network Controller Requirements:
	1. Include adequate number of controllers to achieve performance indicated.
	2. System shall consist of one or more independent, standalone, microprocessor-based network controllers to manage global strategies indicated.
	3. Controller shall have enough memory to support its operating system, database, and programming requirements.
	4. Data shall be shared between networked controllers and other network devices.
	5. Operating system of controller shall manage input and output communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	6. Controllers that perform scheduling shall have a real-time clock.
	7. Controller shall continually check status of its processor and memory circuits. If an abnormal operation is detected, controller shall assume a predetermined failure mode and generate an alarm notification.
	8. Controllers shall be fully programmable.

	B. Operator Interface:
	1. Controller shall be equipped with a service communications port for connection to a portable operator's workstation.

	C. Serviceability:
	1. Controller shall be equipped with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Wiring and cable connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Controller shall maintain BIOS and programming information in event of a power loss for at least 96 hours.

	A. General Programmable Application Controller Requirements:
	1. Include adequate number of controllers to achieve performance indicated.
	2. Controller shall have enough memory to support its operating system, database, and programming requirements.
	3. Data shall be shared between networked controllers and other network devices.
	4. Operating system of controller shall manage input and output communication signals to allow distributed controllers to share real and virtual object information and allow for central monitoring and alarms.
	5. Controllers that perform scheduling shall have a real-time clock.
	6. Controller shall continually check status of its processor and memory circuits. If an abnormal operation is detected, controller shall assume a predetermined failure mode and generate an alarm notification.
	7. Controllers shall be fully programmable.

	B. Communication:
	1. Programmable application controllers shall communicate with other devices on network.

	C. Operator Interface:
	1. Controller shall be equipped with a service communications port for connection to a portable operator's workstation.

	D. Serviceability:
	1. Controller shall be equipped with diagnostic LEDs or other form of local visual indication of power, communication, and processor.
	2. Wiring and cable connections shall be made to field-removable, modular terminal strips or to a termination card connected by a ribbon cable.
	3. Controller shall maintain BIOS and programming information in event of a power loss

	A. General Controller Software Requirements:
	1. Software applications shall reside and operate in controllers. Editing of applications shall occur at operator workstations via web access.
	2. I/O points shall be identified by up to 30-character point name and up to 16-character point descriptor.
	3. Control functions shall be executed within controllers using DDC algorithms.
	4. Controllers shall be configured to use stored default values to ensure fail-safe operation. Default values shall be used when there is a failure of a connected input instrument or loss of communication of a global point value.

	B. Security:
	1. Operator access shall be secured using individual security passwords and user names.
	2. Passwords shall restrict operator to points, applications, and system functions as assigned by system manager.
	3. Operator log-on and log-off attempts shall be recorded.
	4. System shall protect itself from unauthorized use by automatically logging off after last keystroke. The delay time shall be operator-definable.

	C. Scheduling: Include capability to schedule each point or group of points in system. Each schedule shall consist of the following:
	1. Weekly Schedule:
	a. Include separate schedules for each day of week.
	b. Each schedule should include the capability for start, stop, optimal start, optimal stop, and night economizer.
	c. Each schedule may consist of up to 10 events.
	d. When a group of objects are scheduled together, include capability to adjust start and stop times for each member.

	2. Exception Schedules:
	a. Include ability for operator to designate any day of the year as an exception schedule.
	b. Exception schedules may be defined up to a year in advance. Once an exception schedule is executed, it will be discarded and replaced by regular schedule for that day of week.

	3. Holiday Schedules:
	a. Include capability for operator to define up to 99 special or holiday schedules.
	b. Schedules may be placed on scheduling calendar and will be repeated each year.
	c. Operator shall be able to define length of each holiday period.


	D. System Coordination:
	1. Include standard application for proper coordination of equipment.
	2. Application shall include operator with a method of grouping together equipment based on function and location.
	3. Group may then be used for scheduling and other applications.

	E. Binary Alarms:
	1. Each binary point shall be set to alarm based on operator-specified state.
	2. Include capability to automatically and manually disable alarming.

	F. Analog Alarms:
	1. Each analog object shall have both high and low alarm limits.
	2. Alarming shall be able to be automatically and manually disabled.

	G. Alarm Reporting:
	1. Operator shall be able to determine action to be taken in event of an alarm.
	2. Alarms shall be routed to appropriate operator workstations or mobile devices based on time and other conditions.
	3. Alarm shall be able to start programs, print, be logged in event log, generate custom messages, and display graphics.

	H. Remote Communication:
	1. System shall have ability to dial out in the event of an alarm.

	I. Maintenance Management: System shall monitor equipment status and generate maintenance messages based on operator-designated run-time, starts, and calendar date limits.
	J. Sequencing: Include application software based on sequences of operation indicated to properly sequence chillers, boilers, and other applicable HVAC equipment.
	K. Control Loops:
	1. Support any of the following control loops, as applicable to control required:
	a. Two-position (on/off, open/close, slow/fast) control.
	b. Proportional control.
	c. Proportional plus integral (PI) control.
	d. Proportional plus integral plus derivative (PID) control.
	1) Include PID algorithms with direct or reverse action and anti-windup.
	2) Algorithm shall calculate a time-varying analog value used to position an output or stage a series of outputs.
	3) Controlled variable, set point, and PID gains shall be operator-selectable.

	e. Adaptive (automatic tuning).


	L. Staggered Start: Application shall prevent all controlled equipment from simultaneously restarting after a power outage. Order which equipment (or groups of equipment) is started, along with the time delay between starts, shall be operator-selectable.
	M. Energy Calculations:
	1. Include software to allow instantaneous power or flow rates to be accumulated and converted to energy usage data.
	2. Include an algorithm that calculates a sliding-window average (rolling average). Algorithm shall be flexible to allow window intervals to be operator specified (such as 15, 30, or 60 minutes).
	3. Include an algorithm that calculates a fixed-window average. A digital input signal shall define start of window period (such as signal from utility meter) to synchronize fixed-window average with that used by utility.

	N. Anti-Short Cycling:
	1. BO points shall be protected from short cycling.
	2. Feature shall allow minimum on-time and off-time to be selected.

	O. On and Off Control with Differential:
	1. Include an algorithm that allows a BO to be cycled based on a controlled variable and set point.
	2. Algorithm shall be direct- or reverse-acting and incorporate an adjustable differential.

	P. Run-Time Totalization:
	1. Include software to totalize run-times for all BI and BO points.
	2. A high run-time alarm shall be assigned, if required, by operator.

	A. General Enclosure Requirements:
	1. House each controller and associated control accessories in a single enclosure. Enclosure shall serve as central tie-in point for control devices such as switches, transmitters, transducers, power supplies and transformers.
	2. Do not house more than one controller in a single enclosure.
	3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures and include one pair of keys per enclosure.
	4. Include wall-mounted enclosures with brackets suitable for mounting enclosures to wall or freestanding support stand as indicated.
	5. Supply each enclosure with a complete set of as-built schematics, and wiring diagrams and product literature located in a pocket on inside of door.

	B. Internal Arrangement:
	1. Internal layout of enclosure shall group and protect electric and electronic components associated with a controller, but not an integral part of controller.
	2. Arrange layout to group similar products together.
	3. Include a barrier between line-voltage and low-voltage electrical and electronic products.
	4. Factory or shop install products, cabling and wiring complying with requirements and standards indicated.
	5. Terminate field cable and wire using heavy-duty terminal blocks.
	6. Include spare terminals, equal to not less than 10 percent of used terminals.
	7. Include spade lugs for stranded cable and wire.
	8. Install a maximum of two wires on each side of a terminal.
	9. Include enclosure field power supply with a toggle-type switch located at entrance inside enclosure to disconnect power.
	10. Mount products within enclosure on removable internal panel(s).
	11. Include products mounted in enclosures with engraved, laminated phenolic nameplates (black letters on a white background). The nameplates shall have at least 1/4-inch-high lettering.
	12. Route cable and wire located inside enclosure within a raceway with a continuous removable cover.
	13. Label each end of cable and wire in enclosure following an approved identification system that extends from field I/O connection and all intermediate connections throughout length to controller connection.
	14. Size enclosure internal panel to include at least 25 percent spare area on face of panel.

	A. General-Purpose Relays:
	1. Relays shall be heavy duty and rated for at least 10 A at 250-V ac and 60 Hz.
	2. Relays shall be either double pole double throw (DPDT) or three-pole double throw, depending on the control application.
	3. Use a plug-in-style relay with an eight-pin octal plug for DPDT relays and an 11-pin octal plug for three-pole double-throw relays.
	4. Construct the contacts of either silver cadmium oxide or gold.
	5. Enclose the relay in a clear transparent polycarbonate dust-tight cover.
	6. Relays shall have LED indication and a manual reset and push-to-test button.
	7. Performance:
	a. Mechanical Life: At least 10 million cycles.
	b. Electrical Life: At least 100,000 cycles at rated load.
	c. Pickup Time: 15 ms or less.
	d. Dropout Time: 10 ms or less.
	e. Pull-in Voltage: 85 percent of rated voltage.
	f. Dropout Voltage: 50 percent of nominal rated voltage.
	g. Power Consumption: 2 VA.
	h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

	8. Equip relays with coil transient suppression to limit transients to non-damaging levels.
	9. Plug each relay into an industry-standard, 35-mm DIN rail socket. Plug all relays located in control panels into sockets that are mounted on a DIN rail.
	10. Relay socket shall have screw terminals. Mold into the socket the coincident screw terminal numbers and associated octal pin numbers.

	B. Multifunction Time-Delay Relays:
	1. Relays shall be continuous duty and rated for at least 10 A at 240-V ac and 60 Hz.
	2. Relays shall be DPDT relay with up to eight programmable functions to provide on/off delay, interval and recycle timing functions.
	3. Use a plug-in-style relay with either an 8- or 11-pin octal plug.
	4. Construct the contacts of either silver cadmium oxide or gold.
	5. Enclose the relay in a dust-tight cover.
	6. Include knob and dial scale for setting delay time.
	7. Performance:
	a. Mechanical Life: At least 10 million cycles.
	b. Electrical Life: At least 100,000 cycles at rated load.
	c. Timing Ranges: Multiple ranges from 0.1 seconds to 100 minutes.
	d. Repeatability: Within 2 percent.
	e. Recycle Time: 45 ms.
	f. Minimum Pulse Width Control: 50 ms.
	g. Power Consumption: 5 VA or less at 120-V ac.
	h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

	8. Equip relays with coil transient suppression to limit transients to non-damaging levels.
	9. Plug each relay into an industry-standard, 35-mm DIN rail socket. Plug all relays located in control panels into sockets that are mounted on a DIN rail.
	10. Relay socket shall have screw terminals. Mold into the socket the coincident screw terminal numbers and associated octal pin numbers.

	C. Latching Relays:
	1. Relays shall be continuous duty and rated for at least 10 A at 250-V ac and 60 Hz.
	2. Relays shall be either DPDT or three-pole double throw, depending on the control application.
	3. Use a plug-in-style relay with a multibladed plug.
	4. Construct the contacts of either silver cadmium oxide or gold.
	5. Enclose the relay in a clear transparent polycarbonate dust-tight cover.
	6. Performance:
	a. Mechanical Life: At least 10 million cycles.
	b. Electrical Life: At least 100,000 cycles at rated load.
	c. Pickup Time: 15 ms or less.
	d. Dropout Time: 10 ms or less.
	e. Pull-in Voltage: 85 percent of rated voltage.
	f. Dropout Voltage: 50 percent of nominal rated voltage.
	g. Power Consumption: 2 VA.
	h. Ambient Operating Temperatures: Minus 40 to 115 deg F.

	7. Equip relays with coil transient suppression to limit transients to non-damaging levels.
	8. Plug each relay into an industry-standard, 35-mm DIN rail socket. Plug all relays located in control panels into sockets that are mounted on a DIN rail.
	9. Relay socket shall have screw terminals. Mold into the socket the coincident screw terminal numbers and associated octal pin numbers.

	D. Current Sensing Relay:
	1. Monitors ac current.
	2. Independent adjustable controls for pickup and dropout current.
	3. Energized when supply voltage is present and current is above pickup setting.
	4. De-energizes when monitored current is below dropout current.
	5. Dropout current is adjustable from 50 to 95 percent of pickup current.
	6. Include a current transformer, if required for application.
	7. House current sensing relay and current transformer in its own enclosure. Use NEMA 250, Type 12 enclosure for indoors and NEMA 250, Type 4 for outdoors.

	E. Combination On-Off Status Sensor and On-Off Relay:
	1. Description:
	a. On-off control and status indication in a single device.
	b. LED status indication of activated relay and current trigger.
	c. Closed-Open-Auto override switch located on the load side of the relay.

	2. Performance:
	a. Ambient Temperature: Minus 30 to 140 deg F.
	b. Voltage Rating: Single-phase loads rated for 300-V ac. Three-phase loads rated for 600-V ac.

	3. Status Indication:
	a. Current Sensor: Integral sensing for single-phase loads up to 20 A and external solid or split sensing ring for three-phase loads up to 150 A.
	b. Current Sensor Range: As required by application.
	c. Current Set Point:  Fixed or adjustable as required by application.
	d. Current Sensor Output:
	1) Solid-state, single-pole double-throw contact rated for 30-V ac and dc and for 0.4 A.
	2) Solid-state, single-pole double-throw contact rated for 120-V ac and 1.0 A.
	3) Analog, zero- to 5- or 10-V dc.
	4) Analog, 4 to 20 mA, loop powered.


	4. Relay: Single-pole double-throw, continuous-duty coil; rated for 10-million mechanical cycles.
	5. Enclosure: NEMA 250, Type 1 enclosure.

	A. Single Twisted Shielded Instrumentation Cable 24 V and Less:
	1. Wire size shall be a minimum No. 18 AWG.
	2. Conductors shall be a twisted, 7/24 soft annealed copper stranding with a 2- to 2.5-inch lay.
	3. Conductor insulation shall have a nominal 15-mil thickness, constructed from flame-retardant PVC.
	4. Shielding shall be 100 percent type, 1.35-mil aluminum/polymer tape, helically applied with 25 percent overlap, and aluminum side in with tinned copper drain wire.
	5. Outer jacket insulation shall have a 300-V, 105-deg C rating and shall be Type PLTC cable.
	6. For twisted pair, conductor colors shall be black and white. For twisted triad, conductor colors shall be black, red and white.
	7. Furnish wire on spools.

	B. Communication Cable: Comply with DDC system manufacturer requirements for network being installed.
	1. Cable shall be balanced twisted pair.
	a. Cable shall be plenum rated.
	b. Cable shall have a unique color that is different from other cables used on Project.


	A. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes.
	A. Damper Blade Limit Switches:
	1. Sense positive open and/or closed position of the damper blades.
	2. NEMA 250, Type 13, oil-tight construction.
	3. Arrange for the mounting application.
	4. Additional waterproof enclosure when required by its environment.
	5. Arrange to prevent "over-center" operation.

	A. Control Equipment, Instruments, and Control Devices:
	1. Self-adhesive label bearing unique identification.
	a. Include instruments with unique identification identified by equipment being controlled or monitored, followed by point identification.

	2. Letter size shall be as follows:
	a. DDC Controllers: Minimum of 0.5 inch high.
	b. Enclosures: Minimum of 0.5 inch high.
	c. Electrical Power Devices: Minimum of 0.25 inch high.
	d. Accessories: Minimum of 0.25 inch high.
	e. Instruments: Minimum of 0.25 inch high.
	f. Control Damper and Valve Actuators: Minimum of 0.25 inch high.

	3. Legend shall consist of white lettering on black background.
	4. Laminated acrylic or melamine plastic sign shall be engraved phenolic consisting of three layers of rigid laminate. Top and bottom layers are color-coded black with contrasting white center exposed by engraving through outer layer and shall be fast...
	5. Instruments, control devices and actuators with Project-specific identification tags having unique identification numbers following requirements indicated and provided by original manufacturer do not require additional identification.

	B. Raceway and Boxes:
	1. Provide labeling.
	2. Paint cover plates on junction boxes and conduit same color as the tape banding for conduits. After painting, label cover plate "HVAC Controls," using an engraved phenolic tag.
	3. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes


	PART 3 -  EXECUTION
	3. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be installed.
	4. Proceed with installation only after unsatisfactory conditions have been corrected.
	A. Install products to satisfy more stringent of all requirements indicated.
	B. Install products level, plumb, parallel, and perpendicular with building construction.
	C. Support products, wiring, and raceways, comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes and comply with requirements in Section 260519 "Low-voltage electrical power cond...
	D. If codes and referenced standards are more stringent than requirements indicated, comply with requirements in codes and referenced standards.
	E. Fabricate openings and install sleeves in ceilings, floors, roof, and walls required by installation of products. Before proceeding with drilling, punching, and cutting, check for concealed work to avoid damage. Patch, flash, grout, seal, and refin...
	F. Firestop penetrations made in Fire-Rated or Smoke-Rated assemblies.
	G. Seal penetrations made in acoustically rated assemblies.
	H. Fastening Hardware:
	1. Stillson wrenches, pliers, and other tools that damage surfaces of rods, nuts, and other parts are prohibited for work of assembling and tightening fasteners.
	2. Tighten bolts and nuts firmly and uniformly. Do not overstress threads by excessive force or by oversized wrenches.
	3. Lubricate threads of bolts, nuts and screws with graphite and oil before assembly.

	I. If product locations are not indicated, install products in locations that are accessible and that will permit service and maintenance from floor, equipment platforms, or catwalks without removal of permanently installed furniture and equipment.
	3.3 CONTROLLER INSTALLATION
	A. Install controllers in enclosures to comply with indicated requirements.
	B. Install controller with latest version of applicable software and configure to execute requirements indicated.
	C. Test and adjust controllers to verify operation of connected I/O to achieve performance indicated requirements while executing sequences of operation.
	D. Installation of Network Controllers:
	1. Quantity and location of network controllers shall be determined by DDC system manufacturer to satisfy requirements indicated.
	2. Install controllers in a protected location that is easily accessible by operators.
	3. Top of controller shall be within 72 inches of finished floor.

	E. Installation of Programmable Application Controllers:
	1. Quantity and location of programmable application controllers shall be determined by DDC system manufacturer to satisfy requirements indicated.
	2. Install controllers in a protected location that is easily accessible by operators.
	3. Top of controller shall be within 72 inches of finished floor.

	3.4 ENCLOSURES INSTALLATION
	A. Install the following items in enclosures, to comply with indicated requirements:
	1. Network Controllers.
	2. Electrical power devices.

	B. Attach wall-mounted enclosures to wall using the following types of steel struts:
	1. For NEMA 250, Type 1 Enclosures: Use corrosion-resistant-coated steel strut and hardware.
	2. For NEMA 250, Type 4 Enclosures and Enclosures Located Outdoors: Use stainless-steel strut and hardware.
	3. Install plastic caps on exposed cut edges of strut.

	C. Align top of adjacent enclosures of like size.
	D. Install continuous and fully accessible wireways to connect conduit, wire, and cable to multiple adjacent enclosures. Wireway used for application shall have protection equal to NEMA 250 rating of connected enclosures.
	3.5 ELECTRIC POWER CONNECTIONS
	A. Connect electrical power to DDC system products requiring electrical power connections.
	B. Design of electrical power to products not indicated with electric power is delegated to DDC system provider and installing trade. Work shall comply with NFPA 70 and other requirements indicated.
	C. Comply with requirements in Section 260519 "Low-Voltage Electrical Power Conductors and Cables" for electrical power conductors and cables.
	D. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for electrical power raceways and boxes.
	3.6 NETWORK NAMING AND NUMBERING
	A. Coordinate with Owner and provide unique naming and addressing for networks and devices.
	B. ASHRAE 135 Networks
	1. MAC Address:
	a. Every network device shall have an assigned and documented MAC address unique to its network.
	b. Ethernet Networks: Document MAC address assigned at its creation.
	c. ARCNET or MS/TP networks: Assign from 00 to 64.

	2. Network Numbering:
	a. Assign unique numbers to each new network.
	b. Provide ability for changing network number through device switches or operator interface.
	c. DDC system, with all possible connected LANs, can contain up to 65,534 unique networks.

	3. Device Object Identifier Property Number:
	a. Assign unique device object identifier property numbers or device instances for each device network.
	b. Provide for future modification of device instance number by device switches or operator interface.

	4. Device Object Name Property Text:
	a. Device object name property field shall support 32 minimum printable characters.
	b. Assign unique device "Object Name" property names with plain-English descriptive names for each device.
	1) Example 1: Device object name for device controlling boiler plant at Building 1000 would be "HW System B1000."
	2) Example 2: Device object name for a VAV terminal unit controller could be "VAV unit 102".


	5. Object Name Property Text for Other Than Device Objects:
	a. Object name property field shall support 32 minimum printable characters.
	b. Assign object name properties with plain-English names descriptive of application.
	1) Example 1: "Zone 1 Temperature."
	2) Example 2 "Fan Start and Stop."


	6. Object Identifier Property Number for Other Than Device Objects:
	a. If not indicated, object identifier property numbers may be assigned at Installer's discretion but must be approved by Owner in advance, be documented and be unique for like object types within device.


	3.7 CONTROL WIRE, CABLE AND RACEWAYS INSTALLATION
	A. Comply with NECA 1.
	1. Terminate wiring in a junction box.
	a. Clamp cable over jacket in junction box.
	b. Individual conductors in the stripped section of the cable shall be slack between the clamping point and terminal block.

	2. Terminate field wiring and cable not directly connected to instruments and control devices having integral wiring terminals using terminal blocks.
	3. Install signal transmission components according to IEEE C2, REA Form 511a, NFPA 70, and as indicated.
	4. Use shielded cable to transmitters.
	5. Use shielded cable to temperature sensors.
	6. Perform continuity and meager testing on wire and cable after installation.

	B. Conduit Installation:
	1. Comply with Section "260533 "Raceways and Boxes for Electrical Systems" for control-voltage conductors.

	D. Video of Training Sessions:
	1. Provide a digital video and audio recording of each training session. Create a separate recording file for each session.
	2. Stamp each recording file with training session number, session name and date.
	3. Provide Owner with two copies of digital files on DVDs or flash drives for later reference and for use in future training.
	4. Owner retains right to make additional copies for intended training purposes without having to pay royalties.

	A. 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.
	B. Engage a factory‐authorized service representative to perform startup service.
	C. Replace damaged or malfunctioning controls and equipment.
	D. Verify DDC as follows:
	A. Calibrate each instrument installed that is not factory calibrated and provided with calibration documentation.
	B. Provide a written description of proposed field procedures and equipment for calibrating each type of instrument. Submit procedures before calibration and adjustment.
	C. For each analog instrument, make a three-point test of calibration for both linearity and accuracy.
	D. Equipment and procedures used for calibration shall comply with instrument manufacturer's written instructions.
	E. Provide diagnostic and test equipment for calibration and adjustment.
	F. Field instruments and equipment used to test and calibrate installed instruments shall have accuracy at least twice the instrument accuracy being calibrated. An installed instrument with an accuracy of 1 percent shall be checked by an instrument wi...
	G. Calibrate each instrument according to instrument instruction manual supplied by manufacturer.
	H. If after calibration indicated performance cannot be achieved, replace out-of-tolerance instruments.
	I. Comply with field testing requirements and procedures indicated by ASHRAE's Guideline 11, "Field Testing of HVAC Control Components," in the absence of specific requirements, and to supplement requirements indicated.
	J. Analog Signals:
	1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100 percent.
	2. Check analog current signals using a precision current meter at zero, 50, and 100 percent.
	3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating span using a precision-resistant source.

	K. Digital Signals:
	1. Check digital signals using a jumper wire.
	2. Check digital signals using an ohmmeter to test for contact making or breaking.

	L. Control Dampers:
	1. Stroke and adjust control dampers following manufacturer's recommended procedure, from 100 percent open to 100 percent closed and back to 100 percent open.
	2. Stroke control dampers with pilot positioners. Adjust damper and positioner following manufacturer's recommended procedure, so damper is 100 percent closed, 50 percent closed and 100 percent open at proper air pressure.
	3. Check and document open and close cycle times for applications with a cycle time less than 30 seconds.
	4. For control dampers equipped with positive position indication, check feedback signal at multiple positions to confirm proper position indication.

	M. Control Valves:
	1. Stroke and adjust control valves following manufacturer's recommended procedure, from 100 percent open to 100 percent closed and back to 100 percent open.
	2. Stroke control valves with pilot positioners. Adjust valve and positioner following manufacturer's recommended procedure, so valve is 100 percent closed, 50 percent closed and 100 percent open at proper air pressures.
	3. Check and document open and close cycle times for applications with a cycle time less than 30 seconds.
	4. For control valves equipped with positive position indication, check feedback signal at multiple positions to confirm proper position indication.

	N. Meters: Check sensors at zero, 50, and 100 percent of Project design values.
	O. Sensors: Check sensors at zero, 50, and 100 percent of Project design values.
	P. Switches: Calibrate switches to make or break contact at set points indicated.
	Q. Transmitters:
	1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values.
	2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a precision-resistant source.

	A. Verify power supply.
	1. Verify voltage, phase and hertz.
	2. Verify that protection from power surges is installed and functioning.
	3. Verify that ground fault protection is installed.

	B. Verify that wire and cabling is properly secured to terminals and labeled with unique identification.
	C. Verify that spare I/O capacity is provided.
	A. Perform validation tests before requesting final review of system. Before beginning testing, first submit Pretest Checklist and Test Plan.
	B. After approval of Test Plan, execute all tests and procedures indicated in plan.
	C. After testing is complete, submit completed test checklist.
	D. Pretest Checklist: Submit the following list with items checked off once verified:
	1. Detailed explanation for any items that are not completed or verified.
	2. Required DDC system components, wiring, and accessories are installed.
	3. Installed DDC system architecture matches approved Drawings.
	4. Control electric power circuits operate at proper voltage and are free from faults.
	5. Required surge protection is installed.
	6. DDC system network communications function properly, including uploading and downloading programming changes.
	7. Each controller's programming is backed up.
	8. Equipment, products, wiring cable and conduits are properly labeled.
	9. All I/O points are programmed into controllers.
	10. Dampers and actuators zero and span adjustments are set properly.
	11. Each control damper and actuator goes to failed position on loss of power.
	12. Valves and actuators zero and span adjustments are set properly.
	13. Each control valve and actuator goes to failed position on loss of power.
	14. Meter, sensor and transmitter readings are accurate and calibrated.
	15. Control loops are tuned for smooth and stable operation.
	16. View trend data where applicable.
	17. Each controller works properly in standalone mode.
	18. Safety controls and devices function properly.
	19. Electrical interlocks function properly.
	20. Record Drawings are completed.

	E. Test Plan:
	1. Prepare and submit a validation test plan including test procedures for performance validation tests.
	2. Test plan shall address all specified functions of DDC system and sequences of operation.
	3. Explain detailed actions and expected results to demonstrate compliance with requirements indicated.
	4. Explain method for simulating necessary conditions of operation used to demonstrate performance.
	5. Include a test checklist to be used to check and initial that each test has been successfully completed.
	6. Submit test plan documentation 20 business days before start of tests.

	F. Validation Test:
	1. Verify operating performance of each I/O point in DDC system.
	a. Verify analog I/O points at operating value.
	b. Make adjustments to out-of-tolerance I/O points.
	1) Identify I/O points for future reference.
	2) Simulate abnormal conditions to demonstrate proper function of safety devices.
	3) Replace instruments and controllers that cannot maintain performance indicated after adjustments.


	2. Simulate conditions to demonstrate proper sequence of control.
	3. Readjust settings to design values and observe ability of DDC system to establish desired conditions.
	4. After 24 Hours following Initial Validation Test:
	a. Re-check I/O points that required corrections during initial test.
	b. Identify I/O points that still require additional correction and make corrections necessary to achieve desired results.

	5. After 24 Hours of Second Validation Test:
	a. Re-check I/O points that required corrections during second test.
	b. Continue validation testing until I/O point is normal on two consecutive tests.

	6. Completely check out, calibrate, and test all connected hardware and software to ensure that DDC system performs according to requirements indicated.
	7. After validation testing is complete, prepare and submit a report indicating all I/O points that required correction and how many validation re-tests it took to pass. Identify adjustments made for each test and indicate instruments that were replaced.

	A. Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy ho...
	A. Technical Support: Beginning at Substantial Completion, service agreement shall include software support for five year(s).
	B. Upgrade Service: At Substantial Completion, update software to latest version. Install and program software upgrades that become available within five year(s) from date of Substantial Completion. Upgrading software shall include operating system an...
	1. Upgrade Notice: At least 30 days to allow Owner to schedule and access system and to upgrade computer equipment if necessary.

	A. Maintenance Service: Beginning at Substantial Completion, maintenance service shall include five years’ full maintenance by DDC system manufacturer's authorized service representative. Include annual preventive maintenance, repair or replacement of...
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