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SECTION 23 0923 – DIRECT DIGITAL CONTROL SYSTEM


PART 1 - GENERAL


1.1 SUMMARY


A. A complete system of computer based, direct digital automatic temperature controls shall be 
installed under this contract as required to accomplish the sequence of control for various items 
of equipment and systems indicated on the drawings and as specified in Division 23.


B. Direct Digital Controls (DDC) upgrade for the existing building controls is part of the scope of 
work. Refer drawings for systems sequence of operations. Controllers, system architecture, 
communication cabling and network, software, graphics, etc. shall be seamlessly integrated as 
part of the new system.


C. This Section includes Direct Digital Control (DDC) components, including operator work 
station, controller/server, equipment specific and generic controllers, I/O interface, software and 
graphics.


D. See Sections 23 0913 “Instruments and Control Devices”, Section 23 0914  “Control Wiring 
and Cabling” and Section 23 0993 “Sequence of Operations for Controls”  for requirements that 
relate to this Section.


1.2 SUBMITTALS


A. Product Data:  For all hardware and software.


B. Shop Drawings:


1. Schematic air and fluid flow control diagrams, sequence of operations descriptions and 
points list.


2. Power, wiring diagrams.
3. DDC System Hardware components, including controllers, actuators, sensors, valves, 


dampers, cabinet enclosures, etc.
4. Control System Software  
5. Graphics- screen examples specific to the project for AH unit, VAV box, hot water 


system and chilled water system. 


C. Software and firmware operational documentation.


D. Operation and maintenance data.


1.3 QUALITY ASSURANCE


A. Each control subcontractor must be an authorized temperature control contractor in the business 
of installing and servicing direct digital temperature control systems for over five (5) years. The 
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bidder must have installed and successfully completed at least ten (10) DDC systems of similar 
size using the same hardware that is proposed.


B. Subcontractor installation and service office must be located within 75 miles (90 minute travel 
time maximum) of the building site.


C. Design and installation of the digital control system shall be performed by employees trained 
and certified by the equipment supplier. Electrical power work other than low voltage shall be 
performed by licensed electricians.


D. The temperature controls subcontractor shall provide all necessary engineering support for a 
complete and functional system, including but not limited to engineering, programming, 
installation, supervision, commissioning and troubleshooting.


E. Refer to 23 0801 Mechanical Systems Commissioning.


F.  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.


PART 2 - PRODUCTS


2.1 CONTROL SYSTEM


A. Contractors:
1. Honeywell International Inc Authorized Controls Integrator (ACI) (local authorized 


contractors only, branch office is not acceptable)
2. Schneider Electric (TAC, Invensys) – I/A Series 
3. BuildingLogiX
4. Alerton (Addendum 1 – 7/31/2023)


B. Complete DDC system shall consist of operator workstation, sensors, indicators, actuators, final 
control elements, interface equipment, wiring, cabling, power supplies and power distribution, 
other apparatus, accessories, software and graphics connected to distributed controllers 
operating in multiuser, multitasking environment on token-passing network and programmed to 
control mechanical systems as specified here and in related Division 23 Sections.  


2.2 LICENSING AGREEMENT AND OPEN PROTOCOL


A. A true Open Licensing Agreement shall be provided and executed with the Owner to permit 
total and open access to the system for servicing and software revisions by other qualified 
servicing contractors.


B. The supplied system must incorporate open protocol with the ability to access all data using 
Java base Web enabled browsers without requiring proprietary operator interface and 
configuration programs.   
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C. An Open DataBase Connectivity (ODBC) or Structured Query Language (SQL) compliant 
server database is required for all system database parameter storage.  This data shall reside on a 
server.  Proprietary database and user interface programs are not acceptable (except for unitary 
controllers as noted below).


D. The supplied computer software shall employ object-oriented technology (OOT) for 
representation of all data and control devices within the system.  In addition, adherence to 
industry standards including ANSI / ASHRAE™ Standard 135-1995, BACnet and LonMark to 
assure interoperability between all present and future system components is required.  


E. Proprietary programming shall not be utilized. In addition, all required programming software 
and graphics shall be embedded in the server or controllers without the need for external 
software to execute queries or revisions. All graphics shall reside in the server. Remote access 
via LAN or Web shall not require external software to provide complete access to all data, 
graphics, alarms, programming, etc. 


2.3 DDC ARCHITECTURE


A. DDC system shall be complete with an Operators Workstation/Server, Configurable 
Controllers, Unitary Controllers, required I/O modules for controller expansion, communication 
cards in controlled devices such as chillers, variable frequency drives (furnished with the 
equipment, coordinate card requirements), arranged for a completely integrated building 
automation system network. 


B. Physical connection of BACnet  network controllers shall be via Ethernet/Ethernet IP using the 
Owner’s Local Area Network (LAN). 


C. Where data drops are not shown for the Configurable Controllers or Operator Station/Server, 
the temperature control subcontractor shall be responsible to provide the IP data drop to each 
network controller location for controller connectivity. Installation shall be subcontracted to the 
division 27 technology contractor; coordinate connection requirements. In addition, provide an 
additional IP data drop to each controller, or group of controllers to provide local access to data 
acquisition for the HVAC service technician. 


D. All components and controllers supplied under this contract shall be true “peer-to-peer” 
communicating devices.  Components or controllers requiring “polling” by a host to pass data 
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.  
Maximum acceptable response time from any alarm occurrence (at the point of origin) to the 
point of annunciation shall not exceed 5 seconds for network connected user interfaces.  
Maximum acceptable response time from any alarm occurrence (at the point of origin) to the 
point of annunciation shall not exceed 60 seconds for remote or dial-up connected user 
interfaces.


F. DDC system accessibility over the LAN or the Internet shall be user name and password 
protected. Provide separate user name/password for multiple level hierarchy to restrict access to 
appropriate personnel at the different levels (view, programming, etc.). The system must be set 
up to have at least 3 access levels: guest, user and administrator.  Guest privileges shall be 
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limited to view only.  Users shall be able to make setpoint and schedule changes.  
Administrators shall have all privileges as users in addition to being able to assign passwords.  


2.4 OPERATOR WORKSTATION/SERVER


A. An operator workstation/server shall be provided to effectively program, manage and access 
DDC information from all of the controllers. Interface shall utilize dynamic color graphics of 
each mechanical system, building floor plan, and control device depicted by point-and-click 
graphics.


B. All DDC information shall be accessible through the server over the LAN as well as over the 
Internet via Ethernet IP. 


C. Operator Workstation/Server Computer:  Equal to Dell Studio XPS 630. 


D. Minimum Requirements (or equivalent):
1. Processor:  Intel Core 2 Duo.
2. Ports/Jacks: (6) USB 2.0, (2) IEEE 1394a, headphone, microphone, 19-1 media reader, 


(1) RJ-45, 2.1 audio, S video in/out, S/PDIF optical 
3. Random-Access Memory:  2GB Dual Channel DDR2 SDRAM.
4. Monitor:   20” wide screen, WSXGA resolution, 5ms pixel display rate, 720p high 


definition display flat panel.
5. Graphics: Intel GMA 3100
6. Hard-Disk Drive:  160 GB .
7. 48X combo optical drive.
8. Communications: Integrated Gigabit Ethernet (10/100/1000Base-T), internal WiFi 802.1 


a/b/g/n Draft 2.0
9. 10W Stereo Speakers
10. Operating System:  Microsoft Windows 
11. Keyboard.
12. Mouse:  Three button, optical.
13. Six outlet surge protector.
14. Printer: Laser jet type, B&W, 8Mb RAM equal to HP LaserJet 1022 
15. Workstation desk and chair will be provided with loose furnishings by others.


E. The server shall provide integrated control, supervision, data logging, alarming, scheduling and 
network management functions. The controller/server provides the Internet connectivity and 
Web serving capabilities, presenting real time information in Web based, rich graphical displays 
for the system. Application control programs to provide: Calendar functions, Scheduling, 
Trending, Alarm monitoring and routing, and Time synchronization. 


F. Proprietary programming shall not be utilized. In addition, all required programming software 
shall be embedded in the server or controllers without the need for external software to execute 
queries or revisions. All graphics shall reside in the server. Remote access via LAN or Web 
shall not require external software to provide complete access to all data, graphics, alarms, 
programming, etc. 


G. The server shall support standard Web browser access via the Intranet/Internet.  
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H. Provide and maintain an Audit Log that tracks defined activities on the system.  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 a user-defined buffer size.  Archive the log locally. For each log entry, 
provide the following data: Time and date, User ID, Change or activity: i.e., Change setpoint, 
add or delete objects, commands, etc.


I. The controller/server shall have the ability to automatically backup its database.  The database 
shall be backed up based on a user-defined time interval.  Copies of the current database and the 
most recently saved database shall be stored in the server.  The age of the most recently saved 
database is dependent on the user-defined database save interval.  The controller/server database 
shall be formatted to allow for user viewing and editing, if desired.  


2.5 CONFIGURABLE CONTROLLERS/SERVERS


A. Individual configurable controllers shall be provided for each central HVAC equipment or 
system (AH unit, boiler, chiller, etc.).  Distributed HVAC equipment, such as air control box 
terminals, fan coils, unit heaters, etc may utilize local, unit specific controllers.


B. Controllers shall be capable of functioning in either a standalone capacity or integrated into the 
building network.


C. Controllers shall be fully configurable type with both control and server capabilities including 
integrated control and management of external devices, supervision, data logging, alarming, 
scheduling, network management functions, Internet connectivity, web serving. The controller 
shall include software technology capable of integrating a variety of devices, interoperable 
networks and protocols such as LonWorks, BACnet, ModBus, etc into a seamless operating 
platform.


D. The controllers shall be expandable by the use of input/output I/O modules to provide additional 
points beyond resident points provided on the controller module. 


E. Each configurable controller shall include the following minimum hardware features. Where 
required for functionality provide additional communication cards, memory cards or  I/O 
modules: Two (2) Ethernet Port -10/100 Mbps, One (1) RS-232 port, One (1) RS-485 ports 
(BacNet MS/TP), LON Tunnel service, BACnet driver (Ethernet and Ethernet IP), One 
LONWorks Interface Port with driver – 78KB  FTT-10A, Power Supply 24V power supply 
module, Battery Backup, 64 Mb flash memory for long term data backup and 64 Mb RAM.


F. I/O modules shall connect to the controller with a single multi pin plug, powered through the 
controller with a minimum of eight (8) universal inputs, four (4) analog outputs  and four (4) 
relay outputs, Form A contacts. Do not exceed maximum I/O modules recommended by the 
manufacturer.  


G. The controller/server must be capable of operation over a temperature range of 0 to 50°C and 
storage temperatures of between 0 and 70°C.  The controller/server must be capable of 
operation over a humidity range of 5 to 95% RH, non-condensing.  


H. The controller/server shall support standard Web browser access via the Intranet/Internet.  
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I.  Where acting as a server, provide and maintain an Audit Log that tracks all activities performed 
on the controller/server.  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 it’s user-defined buffer size.  Provide the 
ability to archive the log locally (to the controller/server), to another controller/server on the 
network, or to a server.  For each log entry, provide the following data: Time and date, User ID, 
Change or activity: i.e., Change setpoint, add or delete objects, commands, etc.


J. The controller/server shall have the ability to automatically backup its database.  The database 
shall be backed up based on a user-defined time interval.  Copies of the current database and, at 
the most recently saved database shall be stored in the controller/server.  The age of the most 
recently saved database is dependent on the user-defined database save interval.  The 
controller/server database shall 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.


K. Controllers shall be fully programmable with “drag and drop” graphic representations of control 
algorithms and easy to use “wizards” that automate controller configurations.


L. Controllers shall be “Native” BacNet devices with interoperable native BacNet, IP, LON and 
MS/TP communication support.  


M. Each controller with I/O modules shall include input/output capabilities with, as a minimum, 
sufficient universal inputs, digital inputs, universal outputs and digital outputs to perform the 
required function and include an additional spare two (2) universal inputs, (2) analog outputs 
and two (2) relay outputs for future upgrade capability (spare points are not required for unitary 
controllers). 


2.6 UNITARY CONTROLLERS 


A. Controller designed specifically for VAV reheat box terminal units, fan coil, unit heater, etc.,  
shall be used for each distributed HVAC equipment item. Local controllers shall be capable of 
functioning in either a standalone capacity but shall be integrated into the building network.


B. Use of a dedicated network with a proprietary communication protocol that is compatible for 
integration into the configurable controllers is acceptable provided the unitary controllers use 
true peer to peer communication for all devices, the communication network uses simple non 
polarity sensitive twisted pair wiring and  the network provides for interoperability between 
devices and controllers such as Echelon LonWorks is acceptable. 


C. For VAV reheat box terminal units:  
1. The controller shall include where required a digital communications to wall sensor, 


velocity pressure pneumatic input via polyethylene tubing for supply air flow reading, 
supply air sensor, flow balancing software (damper adjustment, set point monitoring and 
adjustment, flow validation and calibration, sequence/calibration/control set point logs)


2. Damper actuator shall be separate from the VAV reheat box controller; integrated 
controller/actuator devices are not acceptable.


3. The remote wall sensor shall include a communication jack for connecting a laptop to the 
box controller for air/water balance purposes.


4. Integral controller/damper actuator is acceptable.
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D. Controllers used for remote temperature and humidity sensing, adjustment and overrride such as 
VAV box controllers and fan coil units shall include S-link communication via two wire, 
unshielded cable (non polarity sensitive) to provide power and communication interface for 
remote sensors. 


2.7 CONTROLLER ENCLOSURE AND LISTING


A. Controllers shall be placed within enclosures that conform to NEMA-1 construction and shall 
further meet UL 94-5V flammability ratings for plenum application use. 


B. Each controller shall be UL-916 listed and meet FCC Part 15 Class A.


2.8 GUI DISPLAY FRAMES


A. The system must be set up to have at least 3 access levels: guest, user and administrator.  Guest 
privileges shall be limited to view only.  Users shall be able to make setpoint and schedule 
changes.  Administrators shall have all privileges as users in addition to being able to assign 
passwords.  


B. Each AHU, heating water system and cooling system shall have a minimum of 5 graphic 
screens available from the tree view.  One screen shall display the airflow pattern with all 
dampers, coils and fans shown in their correct schematic location and dynamic data for all input 
values shown.  This main graphic screen shall show the control devices in mechanical flow 
diagram format with directional arrows to indicate normal flow arrangement.  These screens 
shall be available to anyone with access to the system, and therefore shall be view only.  
Another screen shall display text information with the following primary categories:  Unit 
status, temperatures, heating, cooling, economizer, static pressure, supply fan, exhaust fan 
including setpoints.  A loop tuning screen shall also be furnished for each control loop, so that 
people with the appropriate access can change loop tuning parameters from PCs without 
needing individual programming tools.  Override screens shall be furnished for each controller 
to permit overriding control points without the need for vendor specific software.  An alarm 
screen shall also be furnished each AHU.  The Heating systems and Cooling systems shall have 
similar screens as the AHUs.  Each VAV shall have a graphics screen and a text screen.  
Systems that won’t permit creating these customized screens as described herein will not be 
acceptable.  Systems that use controllers that won’t permit overrides of inputs and outputs from 
a browser based graphic screen will not be acceptable.


C. All shapes shall be 3-D with a common perspective.  All dampers shall have a minimum of 4 
animation levels to show partially open, half open, mostly open, fully open, and closed position 
of dampers.  All analog inputs shall show the actual value and engineering units on the graphic 
screen.  Binary inputs shall be linked to flashing animated displays.  Safety alarms will flash 
when in alarm.  Filter status shall be indicated when value indicates that they are dirty.  To 
prevent clutter on the graphic displays, symbols will only be shown for equipment that is 
controlled or monitored by the DDC system.  Also, normal status for safeties will not be 
indicated, and normal status for safeties will be indicated by an image of a clean filter.  Pumps 
and fans shall rotate when flow is proven by a monitoring device.  Coils shall change color 
when valves are open to permit water flow through the coils.
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D. Graphics shall use common color schemes to make the overall system easy to understand.  All 
overall backgrounds shall be white.  All text shall be black.  Any value that is in alarm shall 
have a red  background.  Any value that is overridden shall have a blue background.  All like 
sensors shall be the same color.  For example, all temperature devices shall be yellow, all 
pressure devices shall be purple, all humidity devices shall be teal, all fire alarm devices shall be 
red, and all CO2 devices shall be green.


E. Current setpoints and occupancy status shall be shown at the bottom of each graphic screen.


F. Floor plan drawings shall be provided, and permit access to each zone's individual floor plan 
sections.  On the individual floor plan sections, room numbers and room temperatures shall be 
displayed.  Values that are out of the acceptable range shall appear in a different background 
color and / or flash.  Each VAV shall have its own graphic that contains the points from within 
its controller including the box flow setpoint, room temperature setpoint, maximum cooling 
flow setpoint, minimum cooling flow setpoint, and minimum heating flow setpoint, plus the 
discharge air temperature from the AHU supplying the unit.  The VAV text screen shall have 
the same information as the graphic screen plus high and low flow calibration values, damper 
rotation adjustment (CW or CCW), and air balance set-up features.  GUI shall permit operator 
the ability to enable, set or disable high and low occupied and unoccupied limits for each room 
temperature reading.


G. Text Screens shall be available for all levels of access.  Setpoint and output values are 
changeable from the text screen for users with appropriate access privileges and administrators, 
but not guests.  When a value can be overridden or edited, a red box shall appear around it when 
the cursor is position on it.  A single click of the mouse shall bring up pop up menu that provide 
options to make a permanent override, change setpoint, or release a previous override of an 
output point.  Analog inputs shall have pop up menus that allow setting high and low alarm 
limits and the ability to enable and disable alarm limits as appropriate for the sensing device.  
Pop up menus must be customized to include a description of the point that is being modified.  
Generic override menus are not permitted because they would not describe to an operator what 
is about to be modified.  The Control Contractor shall set up all initial alarms as indicated in the 
point matrix.


H. Text screens shall include schedule information including current state and date and time of 
next scheduled event.  Positioning the mouse over the current state shall permit single click 
access to the schedule.  The schedule screen shall allow the operator to edit a yearly, weekly, 
daily, holiday or special event schedule for the system being viewed.  Temperature values and 
setpoints shall be displayed below the schedule information, and shall have a minimum of 1 
decimal place.  Heating, cooling and damper ouputs shall be displayed next.  The OA 
temperature for economizer switchover shall be displayed and adjustable from the text screen.  
Air flow readings shall be shown with setpoint and actual readings.  Fan information shall be 
shown next, followed by static pressure readings and setpoints, which shall have a minimum of 
2 decimal places.  Miscellaneous setpoints including night setback cooling and heating, average 
zone temperature, return air warm-up and cool-down, dehumidification, and unoccupied mixed 
air temperature setpoints shall all be shown and adjustable.  All safeties shall be shown, 
followed by coil pump control information.


I. Each system shall have its own specific alarm screen available to all operators but only editable 
by operators with user and administration access privileges.  From the alarm screen, users and 
administrators shall be able to enable and disable alarms.  Points that are in alarm shall have an 
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alarm symbol highlighted in red.  Points that are not in alarm shall be shown in gray.  Alarms 
that are disabled shall have a way to indicate this on the alarm screen graphic.


J. Loop tuning screens shall be available through the web browser interface to save the owner the 
cost and time associated with using vendor specific software for tuning loops.  Access to these 
screens shall not be provided to guests.  Air handling units shall have dedicated screens for 
discharge air temperature, static pressure, and outside air control loops.  Loop tuning screen for 
discharge air temperature shall include the discharge air temperature, discharge air temperature 
setpoint, cooling loop throttling range, I-gain and ramp time, heating loop throttling range, I-
gain and ramp time, economizer loop throttling range, I-gain and ramp time, unoccupied heating 
loop throttling range, I-gain and ramp time, cooling valve output, heating valve output, and 
damper control output.  Screens shall also have graphs that show 5 minutes of live data for the 
discharge air temperature, setpoint, cooling valve, heating valve and mixed air dampers.  Each 
loop tuning screen shall include the appropriate throttling range, I-gain and ramp time.


K. Each non-unitary controller shall have an override screen.  These screens shall be available on-
site for use during point-to-point check-out and commissioning.  The override screen shall show 
the inputs and outputs for each controller with the points in their wired location.  Unused points 
shall be shown as spares.  Points that are in alarm shall have a red background, and points that 
are overridden shall have a blue background just as on other screens.  These screens shall show 
the actual values that come back from the controller, not the values that may have been typed in 
for override at the GUI if the controller software is not accepting the override value.  The 
override screen shall also permit timed overrides.


L. Each AHU shall also have a overview screen listing every VAV terminals data in a text format 
that includes occupancy mode, room temperature, room setpoint, box flow, flow setpoint, 
temperature leaving VAV terminal, % cooling and % heating.  Also, each VAV AHU shall have 
an air balance screen that will permit balancing the system through a computer connected to the 
Ethernet or directly to the appropriate BC without vendor specific software.  The air balancing 
screens shall permit at least 8 manual override commands:  normal, position (%), flow value, 
flow percent, open, close, min flow, and max flow.  


M. Heating systems and cooling systems with multiple pieces of equipment such as pumps with 
lead-lag control shall display which device is lead and when the other device will become lead 
on the text screen.


N. Although only one outside air temperature sensor is needed per building, the GUI shall use 
independent outside air temperature points, so that during check-out and commissioning, the 
outside air temperature for a system can be changed without changing the outside air 
temperature for the whole building.  The GUI shall also have a global outside air temperature 
point that can be overridden from the screen for the controller where the point is physically 
connected.  Overriding this outside air temperature value will change it for all systems, except 
when outside air temperature has been overridden for an individual system.


O. The system shall allow for the easy development and editing of dynamic graphics.  Wizards 
shall be utilized to assist the operator with their manipulation of the graphic system.  The 
operator shall be able to, through a single mouse function, select between the dynamic display 
mode and the graphic edit mode for the currently viewed graphic frame, assuming appropriate 
access level is provided to the operator.  Systems requiring multiple mouse or operator 
keyboard commands to enter the graphic edit mode are not desirable and require thorough 
definition of steps involved to accomplish function.
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P. Animation of system data shall be provided via graphic elements on the display frames.  
Standard graphic element library shall be provided to assist the operator with their 
implementation.  The ability to define and add new animated graphic elements shall be 
provided.  As a minimum, the ability to move, size, draw, arrange, align, layer, space, rotate, 
invert, duplicate, cut, copy, paste, erase any animated element shall be provided.  System 
parameters and setpoints shall be assignable and modifiable by the animated graphic elements, 
relieving the need for keyboard commands for system manipulation.


Q. The ability to simultaneously display a dynamic X/Y chart of selected points, shall be provided.  
The chart shall be an element of the graphic display and shall automatically update with the 
display data.  The chart shall allow for dynamic manipulation to modify the range, rate, and 
timeframe of view, in both a real-time as well as historical configuration.  A minimum of 4 
values shall be included on any chart display element.  There shall not be a limit to the quantity 
of chart elements displayed on a graphic frame.  Trace colors and X values shall be User 
configurable.  Systems not providing this capability are required to provide an equivalent 
charting package with the GUI offering.


R. The ability to provide graphically displayed global scheduling and editing functions shall be 
provided.  The ability to link these functions to the associated equipment or zone frames shall 
be a standard feature.  A calendar shall be provided for display and modification of the SDC 
time clock functions.  The User shall be able to view a daily, weekly, monthly, annual, special 
or holiday schedule from a defined display frame.  A list of served areas shall be displayed on 
the same screen, this list shall be displayed at all times, pull down menus or other means of 
accessing these areas shall not be acceptable.  The system shall have a master override screen 
that will allow an operator to change the schedule for every piece of equipment in every 
building by changing the master schedule.  


S. All analog values shall be trended every 15 minutes.  The trend samples shall be saved in the 
BC for at least 36 hours.  Access to trended data shall be available by the single click of a 
mouse on the analog value.  Systems that open other windows and require a selection of the 
desired data are not acceptable.


2.9 GUI ALARMING


A. The GUI shall provide, as standard, alarm annunciation of system data.  On every display 
frame, the ability to view, acknowledge, delete and manipulate real-time and historical alarms 
shall be provided.  The ability to provide a unique and custom alarm display for every display 
frame shall be provided.  The ability to continuously or upon request, view the alarm display, 
shall be provided.


B. Alarm conditions shall be capable of invoking, as a minimum; a display frame, an email 
message, a text message sent to a pager or cellular phone.


C. Alarm logging shall be provided in a user definable configuration.  All alarms shall be displayed 
and/or routed as follows, as a minimum; GUI display frame, local printer, server printer, client 
printer, logged to file, and archived in standard format for information management.  Alarm 
groupings shall be hierarchical in nature allowing up to 8 alarm groups and 16 sub-groups.  The 
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GUI shall not possess any limits on the quantity of alarms that can be logged, including 
historical data archiving.  Systems possessing limits must define the restrictions and may not be 
acceptable.


D. Provide up to 999 alarm priorities with up to 5 alarm color changes, per priority, according to 
alarm status.


2.10 GUI TRENDING


A. The GUI shall automatically perform time based, user defined, periodic collection of real time 
point data.  The data shall be presented as an X/Y chart in the display frame.  The data shall be 
stored and archived in a file format that allows for the manipulation and utilization of the data 
by third party applications.


B. A dynamic trend shall be defined as a group of at least 4 data points, with a circular buffer of 
2000 data points.  A historical trend shall be defined as a group of at least 8 data points, with the 
sampled points limited only by archival disk space.  Sampling rates shall be user selectable from 
instantaneous (one per second) to once a week.  Collection of data shall be user selectable to 
start and stop on a specific time and date.  There shall be no limit to the number of X/Y charts 
within a display frame.


C. X/Y charting and column and row reporting shall be an integral part of the system.  All points 
shall be chartable or reportable.  Analytical data shall be displayed for any of the selected points 
in a clearly displayed X/Y chart.  This analytical data shall consist of at least the following:  
Average Mean, Standard Deviation, Simple Average, Current Value, Cycle Length, Cycle High 
and Cycle Low.


D. X/Y charting shall provide for the following chart manipulation: display, zoom, scroll, 
centering, pen legend and export to Excel, Text via Dynamic Data Exchange.
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PART 3 - EXECUTION


3.1 Furnish a complete set of shop drawings showing the kind of control equipment for each of the 
various systems and their functions, along with indication on the drawing of all original 
setpoints and calibration values and set up parameters, and sequence of operation and also that 
of the automation system. These drawings shall be submitted for approval to the Engineer, 
together with a complete brochure describing the equipment and their function and operation. 


3.2 The control equipment supplier shall submit a detailed outline of the owner training material for 
review and comment by the Engineer during the shop drawing phase. The control system 
training program shall be customized to reflect the systems installed under this contract and 
shall cover, as a minimum: software navigation (via custom graphics and Windows based 
icons), system architecture, pass wording and system security features, input/output control 
functions, alarm functions/acknowledgement, trending/long term reporting, and control 
component operation.


3.3 Upon completion of the project, furnish and turn over to the Owner and Architect (3) complete 
sets of brochures describing the various items of equipment, their functions and directions for 
operation and maintenance.


3.4 Upon completion of the control system, the Control Contractor shall adjust all components of 
the system. ATC Contractor shall make all adjustments in the control system required and as 
directed by the air balance contractor to achieve the desired air balance quantities. All 
instruments shall be carefully calibrated and each control function shall be demonstrated to 
function properly, to the satisfaction of the Engineer and the Owner. Provide a complete 
instruction manual covering the function and operation of all components. At the time of 
demonstration, each function shall be simulated to insure that controls respond properly to all 
signals, and the Owner shall be instructed in the proper operation of the system.


3.5 In addition to the adjustments and fine tuning, the Contractor shall include as a part of this 
contract an additional 40 hours of service technician time for work as  directed or authorized by 
the Engineer to make software changes or field adjustments to hardware. 


3.6 During the first year of operation, after acceptance by the Owner, the Control Contractor shall 
provide complete service to adjust or assist the Owner in adjusting the equipment to obtain 
optimum performance form the control equipment and from the heating and air conditioning 
systems in general. This shall be done without additional expense to the Owner. This work shall 
include revisions to DDC software programs and controller programs, and all PC front end 
software upgrades. All software shall be provided to the Owner in disk form, including back-
ups of final field programs.


3.7 The control equipment manufacturer shall provide instruction and training of the Owner’s 
personnel regarding the hardware and software of the system. Software training shall include 
programs, methods of programming, control loops, scheduling and reports. Training covering 
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hardware shall include operation information, functional use, wiring diagrams and schematic 
diagrams necessary to troubleshoot the operating system. Training shall include “hands on” 
instructions to completely familiarize Owner’s personnel with the equipment and system. 
Training of Owner’s personnel shall be equal in scope and detail to that provided by the 
manufacturer to its service technicians.


3.8 TRAINING


The control equipment supplier shall provide 40 hours of instruction at the job site  to 
familiarize the Owner’s personnel in the application and details of the installed system. Site 
training classes shall not be scheduled for longer than 4 hours duration except at the discretion 
of the Owner.


3.9 FIELD QUALITY CONTROL


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


B. Perform the following field tests and inspections and prepare test reports:


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.
3. Test calibration of controllers by disconnecting input sensors and stimulating operation 


with compatible signal generator.
4. Test each point through its full operating range to verify that safety and operating control 


set points are as required.
5. Test each control loop to verify stable mode of operation and compliance with sequence 


of operation.  Adjust PID actions.
6. Test each system for compliance with sequence of operation.
7. Test software and hardware interlocks.


C. DDC Verification:


1. Verify that instruments are installed before calibration, testing, and loop or leak checks.
2. Check instruments for proper location and accessibility.
3. Check instrument installation for direction of flow, elevation, orientation, insertion depth, 


and other applicable considerations.
4. Check instrument tubing for proper fittings, slope, material, and support.
5. Check pressure instruments, piping slope, installation of valve manifold, and self-


contained pressure regulators.
6. Check temperature instruments and material and length of sensing elements.
7. Check control valves.  Verify that they are in correct direction.
8. Check dampers.  Verify that proper blade alignment, either parallel or opposed, has been 


provided.
9. Check DDC system as follows:
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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.


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


END OF SECTION 23 0923
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SECTION 23 2114 - HYDRONIC SPECIALTIES


PART 1 - GENERAL


1.1 SUMMARY


A. This Section includes. 


1. Hydronic Specialties and Accessories
a. Air/Dirt Removal Fittings
b. Pressure Reducing Valves
c. Pressure Relief Valves
d. Make-up Water Assemblies
e. Air Vents
f. Strainers
g. Combination Valves (Triple-Duty)
h. Pump Suction Diffusers
i. Pot-Type Bypass Filter Feeders


2. Expansion Tanks


B. Related Sections:


1. 23 0523 General Duty Valves
2. 23 0529 Pipe Hangers and Supports
3. 23 2113 Hydronic Piping.


1.2 PERFORMANCE REQUIREMENTS


A. Piping systems shall conform to ANSI and State rules for pressure piping where applicable. 
Welders and fitters shall be fully certified for work performed.


B. Safety valves and all pressure vessels shall bear the appropriate ASME label.


1.3 SUBMITTALS


A. Product Data:  For each type of the following:


1. Hydronic specialties.


B. Operation and maintenance data.
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PART 2 - PRODUCTS


2.1 HYDRONIC SPECIALTIES


A. Air/Dirt Removal Fitting – Intended for mounting in main pipe and tappings for air vent and 
drain. Furnish a large capacity float type air vent equal to Hoffman No. 792 with a ball shutoff 
valve for installation on the vent connection.
1. Spirotherm #Spirovent VDT
2. Armstrong 
3. B&G #CRS (Addendum 1 – 7/31/2023)


B. Pressure Relief Valves


1. System Make-up Water – Shall be equal to Bell & Gossett Model B7 (adjustable setting 
to 25 psi) / Model 7 (adjustable setting 25 to 60 psi), setting as indicated on the drawings.


2. Boilers – Shall be ASME rated for water relief, equal to Bell & Gossett No. 790 (3/4”) / 
No. 1170 (1”) / No. 3301 (1-1/2”) / 4100 (2”) with low inlet pressure check valve, setting 
as indicated on the drawings.


C. Water Make-up Assemblies – Intended for use in the heating hot water system shall be an 
external electric float switch equal to McDonnell & Miller No. 158, with low water switch and 
alarm bell, and a remote make-up valve, ¼ turn ball type, with bronze body and 115V electric 
operator equal to Watts EA350.  Wiring between the float switch, the alarm bell and the make-
up water valve shall be by the HVAC contractor.


D. Air Vents – Shall be manual type unless specifically noted to be automatic. Air vents shall be:


1. Large capacity automatic type for installation on boiler or air removal fitting, equal to 
Hoffman 792, 150 psig operating pressure rating. Provide a ball valve on the inlet pipe 
and pipe the outlet to the nearest drain.


2. Large capacity automatic type, 150 psig operating pressure rating, equal to Hoffman 78.  
For use on air handling unit coils and on main piping.  Provide ball valve at inlet of each 
vent.  Pipe outlet to nearest drain point with 1/8” ID copper tube.


3. Large capacity manual type – ½” ball valve for use on air handling unit coils and on main 
piping.  Elbow down to facilitate catching water during venting.


4. Small capacity manual-automatic with screwdriver stop, 50 psi, equal to Hoffman 500, 
for use on room heating and cooling units, VAV unit heating coils and duct heating coils.


5. Small capacity manual type air vent – 1/4” ball valve, for use on room heating and 
cooling units, VAV unit heating coils and duct heating coils.  Elbow down to facilitate 
catching of water during manual venting.


E. Strainers – Shall be 125 lb. w.s.p. “Y” pattern cast iron construction with removable stainless 
steel strainer element and screwed or flanged ends. Strainer elements shall be 20 mesh for 2” 
and smaller, 1/16” for 2-1/2”, 3” and 4” and 1/8” for larger sizes.  
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F. Combination Triple Duty Valve – combination valves and devices such as Bell & Gossett Triple 
Duty Valve (check, balancing and shutoff) for installation on pump discharge are acceptable in 
lieu of individual components.


G. Pump Suction Diffusers – Intended for pump inlet condition enhancement. 
1. Manufacturers


a. Bell & Gossett 
b. Armstrong 
c. Grundfos or equal. (Addendum 1 – 7/31/2023)


H. Pot-Type Bypass Filter Feeder – Intended to add small quantities of chemicals to the hot water 
systems where shown on the drawings and for side stream filtration. Five (5) gallon size equal 
to Neptune #FTF-5DB.  Feeders shall be constructed for min. 150 psi and be complete with fill 
and valved bypass arrangement. Provide with 5 micron filter bags and dissolving cylinder. 


2.2 EXPANSION TANKS


A. Expansion tanks for pressurization and expansion control of the water systems shall be 
pressurized diaphragm or (Addendum 1 – 7/31/2023) bladder type as indicated on the drawings, 
pre-charged to match the system make-up pressure.


B. Construction – Each tank shall be welded steel constructed in accordance with ASME 
requirements for 125 psi. The tank shall be fitted with a system pipe connection drain tapping 
and an integral heavy duty replaceable butyl bladder, to separate water from the pressurized air. 
Bladder type tank shall have a bottom drain tapping with plug and a flanged top opening for 
removal and reinstallation of the bladder. Tank shall be prime coat or finish painted. The tank 
shall be vertical with floor mounting ring. Tank sized for full acceptance volume. 


C. Tank shall be vertical configuration and acceptance volume as indicated on the drawings.


D. Manufacturers
1. Bell & Gossett Series “B”
2. Armstrong #WX-L
3. Wessels #NLA  
4. Grundfos (Addendum 1 – 7/31/2023)


PART 3 - EXECUTION


3.1 INSTALLATION


A. Drawings (plans, schematics and diagrams) indicate the general location and arrangement of 
piping systems.  Locations and arrangements of piping take into consideration pipe sizing and 
friction loss, pipe expansion, pump sizing and other design considerations; therefore, it is 
imperative that piping be installed as indicated.


B. Refer to Section 23 2113 Hydronic Piping for installation of piping and accessory devices and 
equipment.
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C. Air vents shall be installed at all high points of piping and system, on each heating and cooling 
coil, and at other locations subject to air binding. Air vents shall be installed in locations 
accessible for servicing. A shutoff valve or cock on the inlet and drain tubing extending to a 
drain is required for each large capacity automatic vent.  The drain tube shall be extended to a 
drain location (floor drain, janitor sink, etc.) or, in mechanical rooms, turned down over a clear 
area of the floor to afford notice by maintenance personnel.


D. Install strainers as indicated on the drawings.  Provide a nipple and ball valve in the blow down 
connection of each strainer 2” and larger.


E. Vertical expansion tanks shall be floor set on a 4” high concrete base.  Check and adjust the pre-
charged pressure so that it matches the system make-up pressure.


END OF SECTION 23 2114
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SECTION 23 2117 – GLYCOL HEAT TRANSFER FLUID


PART 1 - GENERAL


1.1 SUMMARY


A. This Section includes the following:


1. Ethylene Glycol
2. Glycol Feed Equipment


1.2 SUBMITTALS


A. Product Data:  For each type of product indicated.


1.3 QUALITY ASSURANCE


A. 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.


PART 2 - PRODUCTS


2.1 FREEZE PROTECTION FLUID


A. Ethylene glycol freeze protection fluid with special inhibitor formulation for HVAC  
application.


B. Manufacturers:  


1. Dow Chemical “Dowtherm SR-1”.
2. Interstate Chemical “Intercool NFE”
3. Union Carbide “Ucartherm”
4. Covalent Laboratories “Coldflow THE” (Addendum 1 – 7/31/2023)


2.2 AUTOMATIC GLYCOL FEED EQUIPMENT


A. Packaged automatic glycol feed unit consisting of at tank, pump piping devices, control panel, 
and sensors all mounted on  a primed and painted steel frame.


1. Tank: 50 gallon polyethylene with 1/3 hinged PE cover supported by the assembly.
2. Control Panel:  NEMA 4x panel with 8 foot power cord and plug, 2-position main power 


switch and light, 3-position (hand/off/auto) switch and light for pump, red low light and 
15 amp fuse.
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3. Pump: 1/3 HP gear pump providing 1.6 GPM at 100 psi.  Pump suction PVC ball valve, 
flexible tubing and cast iron strainer.  Pump discharge PVC ball valve, PVC spring check 
valve and 0.25” NPT back tap pressure gauge.


4. Pressure Switch:  0.25” NPT pressure switch
5. Pressure Relief Valve:  0-150 psig, PVC relief valve and gauge.


B. Manufacturers:


1. J.L. Wingert Co – Model GL50-E1
2. Neptune Chemical Pump Co.
3. Advantage Controls.


PART 3 - EXECUTION


3.1 REQUIREMENTS


A. The chilled water piping system shall be provided with 30% by volume, ethylene glycol.


B. Provide an extra 50 gallons of concentrated ethylene glycol.  Place container(s) where so 
directed by the owner.


3.2 INSTALLATION


A. Prior to introduction of the glycol solution, the piping system shall be thoroughly cleaned and 
prepared in accordance with Section 23 500 HVAC Water Treatment.


B. Provide valved inlet connections, sampling valves, air vents, etc.  Pump the solution into the 
piping, bleed air manually, circulate and test for correct concentration.


C. When concentrated ethylene glycol is mixed on the job site, it shall be thoroughly mixed in a 
drum or drums to the specified solution prior to introduction in the piping system.


D. Set glycol feed unit/tank and connect to the system where indicated on the drawings.


END OF SECTION 23 2117
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SECTION 233300 - AIR DUCT ACCESSORIES 


PART 1 - GENERAL 


1.1 SUMMARY 


A. Section Includes: 


1. Manual balancing dampers. 


2. Backdraft dampers. 


3. Fire dampers. 


4. Smoke dampers.   


5. Combination fire-smoke dampers. 


6. Pressure Differential gauges. 


7. Turning vanes. 


8. Duct-mounted access doors. 


9. Flexible connectors. 


10. Flexible ducts. 


1.2 SUBMITTALS 


A. Product Data:  For each type of product indicated. 


B. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details, and 


attachments to other work. 


1. Detail duct accessories fabrication and installation in ducts and other construction.  


Include dimensions, weights, loads, and required clearances, and method of field 


assembly into duct systems and other construction.  Include the following: 


a. Special fittings. 


b. Manual volume damper installations. 


c. Fire-damper and smoke-damper installations, including sleeves; and duct-mounted 


access doors. 


d. Wiring Diagrams:  For power, signal, and control wiring. 


C. Operation and maintenance data. 


1.3 QUALITY ASSURANCE 


A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with 


NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems." 


B. Comply with AMCA 500-D testing for damper rating. 
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PART 2 - PRODUCTS 


2.1 MANUAL BALANCING DAMPERS 


A. Balancing dampers shall be single cross-blade up to 12 blade widths and in larger sizes, 


multiple blade type 6" maximum width with opposed blade arrangement.  Dampers shall be 


controlled by a locking quadrant positioner with handle equal to vent fabrics "Ventlock" #641 


and for externally insulated ducts #644 


2.2 BACKDRAFT DAMPERS 


A. Backdraft dampers shall be adjustable counterbalanced type with extruded aluminum frame and 


blades and extruded vinyl edge seals.  Dampers shall be equal to Ruskin CBD6. 


2.3 FIRE DAMPERS 


A. Dampers shall be constructed and tested to conform with UL 555 and shall be UL listed. 


B. Dampers shall be dynamic rated, folded blade curtain type with blades folded in the head of the 


damper housing and shall be equipped with a 165 degree (unless otherwise noted) fusible link. 


Dampers installed to a horizontal air stream shall be gravity drop type. Dampers in a vertical air 


stream shall be spring loaded type. 


C. The following is a description of the fire damper types as indicated on the plans: 


1. TYPE “A” 


a. Low velocity (below 2000 fpm) with blades stored in the air stream. 


2. TYPE “B” 


a. Low velocity with blades stored out of the air stream. 


3. TYPE “C” 


a. High velocity with blades stored out of the air stream and rectangular, round, or 


oval duct collar each side. 


4. Fire dampers located at double wall locations shall be provided with a closed position 


proving micro-switch.  Switch shall change state if the fusible link releases and closes the 


fire damper.  The switch shall be equal to Honeywell BX-2RW863-A2. 


2.4 COMBINATION FIRE-SMOKE DAMPERS (Addendum 1 7/31/2023) 


A. Combination fire-smoke dampers shall be UL labeled and meet both UL 555 and 555S 


requirements.   


1. Fire Resistance rating or 1.5 hours 


2. 165 degree F fusible link. 


3. Elevated temperature rating of 350 degrees F. 


4. Leakage Class I. 
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5. Differential Pressure rating of 4 in. wg. 


6. Velocity rating of 2,000 fpm. 


B. Damper frame shall be 16 ga. Galvanized steel formed into a 5” x 1” structural hat channel.  


Top and bottom frame members on dampers 17” high shall be low profile design to maximize 


the free area. 


C. Damper blades shall be 16 ga. galvanized steel with full length structural reinforcement and 


double skin airfoil shape.  Provide symmetrical blades of varying size as required to completely 


fill the damper opening.  Blade edge seals shall be extruded silicone rubber permanently bond 


to the appropriate blades edges. 


D. Linkage shall be concealed in the jamb. 


E. Damper shall be supplied with factory retaining angles sized to provide installation overlap in 


accordance with the manufacturer’s UL listing. 


F. Actuators: 


1. Electric 120V, 60Hz – 2-position, fail close. 


2. External Mounting. 


2.5 PRESSURE DIFFERENTIAL GAUGES 


A. Pressure differential gauges for air filter application shall be Dwyer "Magnehelic" Series 2000 


dial type gauges. Range shall be appropriate for the application.  Each gauge shall be furnished 


with vent valves, aluminum or plastic tubing, static pressure tips and mounting bracket or 


flange. 


2.6 TURNING VANES 


A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 


following:  


1. Ductmate Industries, Inc. 


2. Duro Dyne Inc. 


3. METALAIRE, Inc. 


4. SEMCO Incorporated. 


5. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 


B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support 


with bars perpendicular to blades set; set into vane runners suitable for duct mounting. 


1. Acoustic Turning Vanes:  Fabricate airfoil-shaped aluminum extrusions with perforated 


faces and fibrous-glass fill. 


C. Manufactured Turning Vanes for Nonmetal Ducts:  Fabricate curved blades of resin-bonded 


fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into 


vane runners suitable for duct mounting. 
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D. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 


and Flexible"; Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support in Elbows." 


E. Vane Construction:  Single wall for ducts up to 36 inches wide and double wall for 36” wide 


and larger dimensions. 


2.7 DUCT-MOUNTED ACCESS DOORS 


A. Duct Access Doors – Doors shall be factory fabricated with following characteristics: 


1. Construction Material – Constructed of the same material as the ductwork system served 


(except galvanized sheet metal for fiberglass duct).  


2. Door Thickness – Doors located in: 


a. Insulated ductwork (internal and/or external) shall have double-wall insulated 


doors, thickness as required per the insulation schedule.   


b. Uninsulated ductwork shall have single-wall construction. 


3. Hinge – Continuous Piano Hinge. 1.5” wide steel construction, zinc plate.  


a. Ventfabrics #Ventlok 157 or equal. 


4. Latches – Provide the following type of latch for each application: 


a. Low pressure ductwork (1” w.c. or less) – Cam lock type latches. 


b. High Pressure ductwork (greater than 1” w.c.) – Heavy duty handle type latches. 


5. Frame & Seal – Frame and neoprene gasket between door and frame.   


6. Size – Access doors shall be 18” x 16” minimum except smaller where duct size will not 


permit such size. 


7. Pressure Application – Access doors and panels shall be designed to provide tight seal 


commensurate with the duct system operating pressure.  Apply duct sealer or rubber 


gasket between frame and duct and on ducts of 3” S.P. and higher construction class, 


mechanical fastening of the frame and rubber gasket shall be provided. 


8. Removable Sash Access Door – Where sufficient clearance is not available to allow the 


door to swing open 90 degrees or for round ductwork, a removable access panel with 


neoprene gasket, frame and cam lock latches on all four sides shall be provided in lieu of 


the hinged door. 


B. Large Plenum Access Doors – doors shall be factory fabricated and as described for duct access 


doors except that doors shall be 18” x 48” (unless otherwise noted) with overlapping frame,  


1. Construction Material – Constructed of the same material as the ductwork system served 


(except galvanized sheet metal for fiberglass duct).  


2. Door Thickness – Doors located in: 


a. Insulated ductwork (internal and/or external) shall have double-wall insulated 


doors, thickness as required per the insulation schedule.   


b. Uninsulated ductwork shall have single-wall construction. 


3. Hinge – Continuous piano hinge. 2” wide steel construction, zinc plated. Ventfabrics 


#Ventlok 167 or equal. 


4. Latches – Heavy duty type. Lever both outside and inside. Ventfabrics #Ventlok No. 310 


or equal. 


5. Latch Quantity – Two latches shall be provided, except on doors 50” and higher three 


shall be provided.  


6. Frame & Seal - Shall be mechanically fastened to the plenum wall. 


7. Pressure Application – Access doors and panels shall be designed to provide tight seal 


commensurate with the duct system operating pressure.  Apply duct sealer or rubber 
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gasket between frame and duct and on ducts of 3” S.P. and higher construction class, 


mechanical fastening of the frame and rubber gasket shall be provided. 


 


2.8 FLEXIBLE CONNECTORS 


A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 


following: 


1. Ductmate Industries, Inc. 


2. Duro Dyne Inc. 


3. Ventfabrics, Inc. 


4. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 


B. Materials:  Flame-retardant or noncombustible fabrics. 


C. Coatings and Adhesives:  Comply with UL 181, Class 1. 


D. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene. 


1. Minimum Weight:  30 oz./sq. yd. 


2. Net Fabric Width: 4” wide. 


3. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling. 


4. Service Temperature:  Minus 40 to plus 200°F. 


E. Outdoor System, Flexible Connector Fabric:  Glass fabric double coated with weatherproof, 


synthetic rubber resistant to UV rays and ozone. 


1. Minimum Weight:  24 oz./sq. yd. 


2. Net Fabric Width: 4” wide. 


3. Tensile Strength:  530 lbf/inch in the warp and 440 lbf/inch in the filling. 


4. Service Temperature:  Minus 50 to plus 250°F. 


2.9 FLEXIBLE DUCTS 


A. Flexible insulated duct shall be constructed of galvanized steel spiral wire mechanically locked 


to an airtight aluminum or polyester inner core, 1" thick 3/4 lb. density fibrous glass insulation 


and a polyethylene or reinforced metalized vapor barrier outer jacket equal to Flexmaster Type 


5 or 5M.  Duct shall be rated at a minimum of 6” positive and 4" negative static pressure and 


shall be listed as Class 1 Air Duct or Air Duct Connector with 25-50 flame-smoke ratings per 


UL 181 and comply with NFPA 90A.   


B. Non-insulated flexible duct equal to Flexmaster NI-85 may be used on duct systems not 


specified to be insulated, with similar restriction stated above.   


C. Flexible duct shall be used at final connections to air control terminal units and ceiling air 


diffusers except as limited in Part 3. 
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PART 3 - EXECUTION 


3.1 INSTALLATION 


A. GENERAL 


1. Install duct accessories according to applicable details in SMACNA's "HVAC Duct 


Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, 


"Fibrous Glass Duct Construction Standards," for fibrous-glass ducts. 


2. Materials - Install duct accessories of materials suited to duct materials use: 


a. Galvanized-steel accessories in galvanized-steel and fibrous-glass ducts,  


b. Stainless-steel accessories in stainless-steel ducts,  


c. Aluminum accessories in aluminum ducts. 


B. FIRE AND SMOKE DAMPERS 


1. Fire and smoke dampers shall be installed in conformance with the manufacturer’s 


instructions and SMACNA recommendations.  


2. Dampers shall be installed in sheet metal wall or floor sleeves along with retaining angles 


and duct access doors or panels. Sleeve and duct connections shall be breakaway type or 


rigid type with corresponding gauge requirements in accordance with SMACNA 


recommendations. 


C. VOLUME DAMPERS 


1. Locations: 


a. Install volume dampers at points on supply, return, and exhaust systems where 


branches extend from larger ducts.   


b. Install volume damper upstream/downstream of each supply, return or exhaust air 


device, register or grille. 


c. Volume dampers shall be located in accessible locations for testing, balancing and 


adjusting purposes. Coordinate with reflected ceiling plans. 


2. Where dampers are installed in ducts having duct liner, install dampers with hat channels 


of same depth as liner, and terminate liner with nosing at hat channel. 


3. Install steel volume dampers in steel ducts. 


4. Install aluminum volume dampers in aluminum ducts. 


5. Set dampers to fully open position before testing, adjusting, and balancing. 


D. PRESSURE DIFFERENTIAL GAUGES 


1. Install air filter pressure differential gauges in a readable location on or near the air 


handling unit, filter housing or as otherwise indicated on the drawings. 


 


E. ACCESS DOORS 


1. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and 


maintaining accessories and equipment at the following locations: 
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a. On both sides of duct coils. 


b. Upstream / and downstream from duct filters. 


c. At outdoor-air intakes and mixed-air plenums. 


d. At drain pans and seals. 


e. Downstream from manual volume dampers, control dampers, backdraft dampers, 


and equipment. 


f. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall fusible 


links.  Access doors for access to fire or smoke dampers having fusible links shall 


be pressure relief access doors; and shall be outward operation for access doors 


installed upstream from dampers and inward operation for access doors installed 


downstream from dampers. 


g. Control devices requiring inspection. 


h. Elsewhere as indicated. 


2. Label access doors according to Division 23 Section "Identification for HVAC System" 


to indicate the purpose of access door. 


 


F. FLEXIBLE CONNECTORS 


1. Location: Install flexible connectors to connect ducts to equipment. 


2. For fans developing static pressures of 5-inch w.g. and more, cover flexible connectors 


with loaded vinyl sheet held in place with metal straps. 


G. FLEXIBLE DUCTS 


1. Connect flexible ducts to metal ducts with Panduit straps or stainless-steel clamps.  End 


of the insulation and jacket shall be sealed to the metal duct with double wrapped duct 


tape.  Maximum length of flexible duct shall be: 


a. Terminal units to supply ducts – 3 ft. 


b. Air devices to ducts – 7 ft. 


2. Flexible duct installation locations: 


a. Shall be installed: 


1) At final air devices above accessible ceilings.  


b. Shall not be installed: 


1) Where ductwork is exposed. 


2) Above inaccessible ceilings – coordinate with reflected ceiling plan. 


3) Thru any wall, ceiling, floor or fire rated assembly. 


4) In the immediate vicinity of, and connecting to, air devices in fire rated 


ceilings where the assembly details require steel ductwork. 


END OF SECTION 23 3300 







FAMILY HEALTH, INC. 


FACILITY RENOVATION 
 2023 


 


 


AIR DUCT ACCESSORIES 23 3300 - 8 


 


 


BLANK PAGE 


This page intentionally left blank. 








FAMILY HEALTH, INC. 
FACILITY RENOVATION


2023


CONDENSING BOILERS 23 5216 - 1


SECTION 23 5216 - CONDENSING BOILERS


PART 1 - GENERAL


1.1 SUMMARY


A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, fire-tube  
condensing boilers, trim, and accessories for generating heating hot water.


1.2 SUBMITTALS


A. Product Data:  Include performance data, operating characteristics, furnished specialties, and 
accessories.


B. Shop Drawings:  For boilers, boiler trim, and accessories.  Include plans, elevations, sections, 
details, and wiring diagrams.


C. Efficiency Curves:  At a minimum, submit efficiency curves for 100%, 80%, 60%, 40%, 20% 
and 7% input firing rates at incoming water temperatures ranging from 80 deg. F to 170 deg. F.  


D. Pressure Drop Curve.  Submit pressure drop curve for flows ranging from 0 GPM to maximum 
boiler flow.


1. Should submitted material be different from that of the basis of design, boiler 
manufacturer shall incur all costs associated with reselection of necessary pumps.  


E. Source quality-control test reports.


F. Field quality-control test reports.


G. Operation and maintenance data.


H. Warranty:  Standard warranty specified in this Section.


1.3 QUALITY ASSURANCE


A. 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.


B. I=B=R Performance Compliance:  Condensing boilers shall be rated in accordance with 
applicable federal testing methods and verified by AHRI as capable of achieving the energy 
efficiency and performance ratings as tested within prescribed tolerances.


C. ASME Compliance:  Fabricate and label boilers to comply with ASME Boiler and Pressure 
Vessel Code, Section IV “Heating Boilers”.
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D. ASHRAE/IESNA 90.1 Compliance:  Boilers shall have minimum efficiency according to "Gas 
and Oil Fired Boilers - Minimum Efficiency Requirements."


E. DOE Compliance:  Minimum efficiency shall comply with 10 CFR 430, Subpart B, 
Appendix N, "Uniform Test Method for Measuring the Energy Consumption of Furnaces and 
Boilers."


F. UL Compliance:  Test boilers for compliance with UL 795, "Commercial-Industrial Gas 
Heating Equipment." Boilers shall be listed and labeled by a testing agency acceptable to 
authorities having jurisdiction.


G. NOx Emission Standards:  When installed and operated in accordance with manufacturer’s 
instructions, condensing boilers shall comply with the NOx emission standards outlined in 
South Coast Air Quality Management District (SCAQMD), Rule 1146.1; and the Texas 
Commission on Environmental Quality (TCEQD), Title 30, Chapter 117, Rule 117.465.


1.4 WARRANTY


A. Standard Warranty:  Boilers shall include manufacturer’s standard form in which manufacturer 
agrees to repair or replace components of boilers that fail in materials or workmanship within 
specified warranty period.


1. Warranty Period for Fire-Tube Condensing Boilers:


a. The pressure vessel/heat exchanger shall carry a 10-year nonprorated warranty 
from date of start up against any failure due to condensate corrosion, thermal 
stress, mechanical defects or workmanship.


b. Manufacturer labeled control panels shall be warranted against failure for two (2) 
years from start up.


PART 2 - PRODUCTS


2.1 MANUFACTURERS


A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:


1. Thermal Solutions – Arctic Series
2. Bryan Boiler – FF Series
3. RBI – Torus
4. Aerco – Benchmark (Addendum 1 – 7/31/2023)


2.2 CONSTRUCTION


A. Description:


1. Boiler shall be natural gas fired, fully condensing water tube design.  Power burner shall 
have full modulation with a minimum 5:1 turndown ratio, and discharge into a positive 
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pressure vent.  Boiler efficiency shall increase with decreasing load (output), while 
maintaining setpoint.  Boiler shall be factory-fabricated, factory assembled and factory 
tested, fire-tube condensing boiler with heat exchanger sealed pressure tight, built on a 
steel base, including insulated jacket, flue-gas vent, combustion air intake connections, 
water supply, return and condensate drain connections, and controls.


B. Heat Exchanger:  


1. The heat exchanger shall be constructed of 316L stainless steel water tubes.


2. Heat exchanger to be ASME stamped for a working pressure not less than 160 psig.


3. Access to the tubesheet and heat exchanger shall be available by burner and exhaust 
manifold removal.  Minimum access opening shall be not less than 10-inch diameter.


C. Pressure Vessel:


1. The pressure vessel shall have a maximum water volume of 50 gallons.  The water 
pressure drop shall not exceed 5.5 psig at 258 GPM.  The boiler water connections shall 
be 4-inch flanged 150-pound, ANSI rated.  The pressure vessel shall be constructed of 
SA53 carbon steel, with a 0.25-inch thick wall and a 0.50-inch thick upper head.


2. Inspection openings in the pressure vessel shall be in accordance with ASM Section IV 
pressure vessel code.


D. Modulating Air/Fuel Valve and Burner:


1. The boiler shall be capable of a 5 to 1 turndown ratio of the firing rate without loss of 
combustion efficiency or staging of gas valves.  The burner shall produce less than 30 
ppm of NOx corrected to 3% excess oxygen.  The unit shall be certified by the South 
Coast Air Quality Management District (SCAQMD) as compliant with Rule 1146.1 for 
boilers and water heaters greater than 2 MBTU’s and less than 5MBTU’s.  The burner 
shall be metal-fiber mesh covering a stainless steel body with spark ignition and flame 
rectification.  All burner material exposed to the combustion zone shall be of stainless 
steel construction.  There shall be no moving parts within the burner itself.  A modulating 
air/fuel valve shall meter the air and fuel input.  The modulating motor shall be linked to 
both the gas valve body and air valve body with a single linkage.  The linkage shall not 
require any field adjustment.  A variable frequency drive (VFD), controlled cast 
aluminum pre-mix blower shall be used to ensure the optimum mixing of air and fuel 
between the air/fuel valve and the burner.


E. Exhaust Manifold:


1. The exhaust manifold shall be of corrosion resistant cast aluminum with an 8-inch 
diameter flue connection.  The exhaust manifold shall have a collecting reservoir and a 
gravity drain for the elimination of condensation.


F. Blower:


1. The boiler shall include a variable speed, DC centrifugal fan to operate during the burner 
firing sequence and pre-purge the combustion chamber.
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G. Ignition:


1. Ignition shall be via spark ignition with 100 percent main-valve shutoff and electronic 
flame supervision.


2.3 TRIM


A. Safety Relief Valve:  50 psig ASME rated.


B. Drain Valve:  Minimum 0.75” hose-end ball valve.


2.4 CONTROLS


A. The boiler control package shall be an integrated boiler management system capable of 
receiving signals from the building DDC system.  The controls system shall be integral to each 
boiler, creating a control network that eliminates the need for a “wall mounted” stand-alone 
boiler control system.  


B. The boiler management control shall be capable of operating in the following ways:


1. As a standalone boiler control system using its own control protocol with one “Master” 
and multiple “Member” units.


2. As a boiler network, enabled by a Building Management System, using its own protocol 
with one “Master” and multiple “Member” units.


3. As “Member” boilers to a Building Management System with multiple input control 
methods.   


C. Each boiler control panel shall be networked together and shall have the following standard 
features.


1. Digital Communications Control


a. Boiler to Boiler: control panel protocol.
b. Building Management System: BACNET, coordinate with DDC system.


2. Analog 4:20 and 010vdc also supported.


3. Distributed control using boiler protocol for up to 16 total boilers.


4. System/Boiler operating status in English text display.


5. Interlock, Event, and System logging with a time stamp.


6. Advanced PID algorithm optimized for specific boilers.


7. Four (4) dedicated temperature sensor inputs for:  Outside Air Temperature, Supply 
(Outlet) Temperature, Return Temperature (Inlet), and Header Temperature. 
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8. Flow Rate sensor.


9. Automatically detects the optional temperature sensors on start up.


10. Menu driven calibration and setup menus with display.


11. Eight (8) dedicated 24vac interlock monitors and eight (8) dedicated 120vac system 
monitors used for diagnostics and providing feedback of faults and system status.


12. Multiple boiler pump or motorized valve control modes.


13. Combustion Air Damper control with proof time.


14. USB/RS485 network plug-in to allow firmware updates or custom configurations.


15. BACNET interface.


16. Alarm contacts.


17. Runtime hours.


18. Outdoor Air Reset with programmable ratio.


19. Time of Day clock to provide up to four (4) night setback temperatures.


20. Failsafe mode when a Building Management System is controlling setpoint.  If 
communication is lost, the boiler/system shall run off the local setpoint.


2.5 ELECTRICAL POWER


A. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are specified in 
Division 26 Sections.


B. Single-Point Field Power Connection:  Factory-installed and -wired switches, motor controllers, 
transformers, and other electrical devices necessary shall provide a single-point field power 
connection to boiler.


2.6 VENTING KITS


A. The exhaust vent shall be UL listed for use with Category III and IV appliances and compatible 
with operating temperatures up to 480 degrees F, positive pressure, condensing flue gas service.  
UL-listed vents of Al 29-4C stainless steel shall be used with boilers.


B. The minimum exhaust vent duct size for each boiler shall be 8-inches diameter.


C. Combustion Air Intake:  Boilers shall be capable of drawing combustion air from the outdoors 
via an insulated metal duct connected between the boiler and the outdoors.
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2.7 SOURCE QUALITY CONTROL


A. Burner and Hydrostatic Test:  Factory adjust burner to eliminate excess oxygen, carbon dioxide, 
oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve combustion 
efficiency; perform hydrostatic test.


B. Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler and 
Pressure Vessel Code.


PART 3 - EXECUTION


3.1 BOILER INSTALLATION


A. Install boilers level on concrete base.  Concrete base shall be installed by the HVAC contractor.


B. Install gas-fired boilers according to NFPA 54.


C. Assemble and install boiler trim.


D. Install electrical devices furnished with boiler but not specified to be factory mounted.


E. Install control wiring to field-mounted electrical devices.


3.2 CONNECTIONS


A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.


B. Install piping adjacent to boiler to allow service and maintenance.


C. Install piping from equipment drain connection to nearest floor drain.  Piping shall be at least 
full size of connection.  Provide an isolation valve.


D. Connect gas piping to boiler gas-train inlet with union.  Piping shall be at least full size of gas 
train connection.  Provide a reducer if required.


E. Connect hot-water piping to supply- and return-boiler tappings with shutoff valve and union or 
flange at each connection.


F. Install piping from safety relief valves to nearest floor drain.


G. Route condensate piping to the nearest floor drain and provide neutralizing cartridge prior to 
discharge into floor drain. Flue drains are to be routed to condensate neutralizing cartridge with 
trap so flue gas does not escape.


H. Boiler Venting:


1. Install flue venting kit and combustion-air intake.
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I. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems."


J. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 
and Cables."


K. See section 23 0993 for control sequence and operation.


L. Connect boiler control panel to facility DDC system.


3.3 FIELD QUALITY CONTROL


A. Perform tests and inspections and prepare test reports.


1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing.


B. Tests and Inspections:


1. Perform installation and startup checks according to manufacturer's written instructions.
2. Leak Test:  Hydrostatic test.  Repair leaks and retest until no leaks exist.
3. Operational Test:  Start units to confirm proper motor rotation and unit operation.  Adjust 


air-fuel ratio and combustion.
4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 


equipment.


a. Check and adjust initial operating set points and high- and low-limit safety set 
points of fuel supply, water level, and water temperature.


b. Set field-adjustable switches and circuit-breaker trip ranges as indicated.


C. Remove and replace malfunctioning units and retest as specified above.


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


3.4 DEMONSTRATION


A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain boilers.


END OF SECTION 23 5216
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SECTION 23 8146 - WATER-SOURCE UNITARY HEAT PUMPS


PART 1 - GENERAL


1.1 SUMMARY


A. This Section includes the following types of water-source heat pumps:


1. Concealed horizontal or vertical units.


1.2 SUBMITTALS


A. Product Data:  Include rated capacities, furnished specialties, and accessories for each model.


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


1. Wiring Diagrams:  Power, signal, and control wiring.


C. Field quality-control test reports.


D. Operation and maintenance data.


E. Special warranties.


1.3 QUALITY ASSURANCE


A. 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.


B. ASHRAE Compliance:


1. ASHRAE 15.
2. Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and 


Section 7 - "Construction and Startup."


C. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 
Section 6 - "Heating, Ventilating, and Air-Conditioning."


D. Comply with NFPA 70.


E. Comply with safety requirements in UL 484 for assembly of free-delivery water-source heat 
pumps.


F. Comply with safety requirements in UL 1995 for duct-system connections.
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1.4 WARRANTY


A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace refrigeration components of water-source heat pumps that fail in materials or 
workmanship within five 5 years from date of Substantial Completion.


PART 2 - PRODUCTS


2.1 MANUFACTURERS


A. Manufacturers:


1. Daikin.
2. Carrier Corporation.
3. Trane.
4. WaterFurnace. (Addendum 1 – 7/31/2023)


B. Description:  Packaged water-source heat pump with temperature controls; factory assembled, 
tested, and rated according to AHRI-ISO-13256-1.


C. Cabinet and Chassis:  G-60 Galvanized-steel casing with the following features:


1. Access panel for access and maintenance of internal components.
2. Knockouts for electrical and piping connections.
3. Flanged duct connections.
4. Cabinet Insulation:  Glass-fiber liner, minimum 1/2 inch thick, complying with UL 181.
5. Condensate Drainage: Stainless-steel drain pan with condensate drain piping projecting 


through unit cabinet and complying with ASHRAE 62.1.
6. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 


requirements in ASHRAE 62.1.
7. Sound Attenuation Package:


a. Sound attenuating blanket over compressor.


D. Fan:  Direct driven, centrifugal, with multispeed motor resiliently mounted in fan inlet.


1. General requirements for motors are specified in Division 23 Section "Common Motor 
Requirements for HVAC Equipment."


2. Motor:  Multispeed, permanently lubricated, ECM motor.


E. Water Circuit:


1. Refrigerant-to-Water Heat Exchangers:  Coaxial heat exchangers with copper water tube 
with enhanced heat-transfer surfaces inside a steel shell.


2. The coil shall be constructed to a working pressure of 500 psig on the waterside, and 600 
psig on the refrigerant side.


3. Motorized Water Valve:  Stop water flow through the unit when compressor is off.


F. Refrigerant-to-Air Coils:  Copper tubes with aluminum fins.
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G. Refrigerant Circuit Components:


1. Sealed Refrigerant Circuit:  Charge with R-410A refrigerant.
2. Charging Connections:  Service fittings on suction and liquid for charging and testing.
3. Reversing Valve:  Pilot-operated sliding-type valve designed to be fail-safe in heating 


position with replaceable magnetic coil.
4. Compressor:  Hermetic two stage scroll compressor installed on vibration isolators and 


housed in an acoustically treated enclosure with factory-installed safeties as follows:


a. Antirecycle timer.
b. High-pressure cutout.
c. Low-pressure cutout or loss of charge switch.
d. Internal thermal-overload protection.
e. Low Refrigerant Suction Sensor
f. Condenser Water Flow switch
g. Condensate overflow switch to stop compressor with high condensate level in 


condensate drain pan.
h. Leaving condensate water piping temperature sensor.


5. Refrigerant Piping Materials:  ASTM B 743 copper tube with wrought-copper fittings 
and brazed joints.


6. Pipe Insulation:  Refrigerant minimum 3/8-inch- thick, flexible elastomeric insulation on 
piping exposed to airflow through the unit.  Maximum 25/50 flame-spread/smoke-
development indexes according to ASTM E 84.


7. Refrigerant Metering Device:  Capillary tube.
8. Refrigerant Metering Device:  Thermostatic expansion valve 


H. Hot-Gas Reheat:  Unit(s) shall have dehumidification control using hot gas refrigerant reheat 
system.  Reheat coil shall be aluminum microchannel hot gas reheat located downstream of the 
cooling coil.


I. Filters:  2” low leakage rack with 2” MERV 8 Filters.


J. Controls:


1. Unit shall be provided with a factory mounted microprocessor based unit controller and 
have the capability of preforming the sequence of control listed on the drawings.  The 
following features shall also be incorporated.


a. Condensate Overflow
b. Condenser water flow sensor
c. Condenser water solenoid valve
d. Air filter differential pressure
e. Brownout Detection
f. Suction-Line Temp Sensor
g. Timed override switch


2. The controller shall be provided with an I/O expansion board providing a means of 
adding I/O capabilities to the base controller.
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3. BACnet Communications Module – The unit control shall communicate over BACnet 
communications network.  The unit shall be capable of supporting full MSTP BACnet 
implementation. The physical interface to a BACnet BAS network shall be through an 
industry standard RS-485 transceiver capable of existing on an RS-485 network of up to 
64 nodes.


4. Wall Mounted Temperature Sensor – Digitally Adjustable Display Sensor with LED 
display showing room temperature, room humidity, fan speed, system mode, and override 
occupancy.  The dehumidification output contact shall have an adjustable set point and 
configurable deadband.


K. Electrical Connection:  Single electrical connection with non-fused disconnect, with factory 
mounted and wired low voltage transformer.


PART 3 - EXECUTION


3.1 INSTALLATION


A. Concrete Bases:  Install floor mounting units on 4-inch high concrete bases.  


B. Suspend water-source heat pumps from structure with threaded steel rods and vibration 
isolators.


C. Install wall-mounting thermostats, and switch controls in electrical outlet boxes at heights to 
match lighting controls. 


D. Drawings indicate general arrangement of piping, fittings, and specialties.  Specific connection 
requirements are as follows:


1. Connect supply and return hydronic piping to heat pump with shut off valves and flexible 
hose connections.


2. Connect heat-pump condensate drain pan to indirect waste connection with condensate 
trap of adequate depth to seal against the pressure of fan.  Install cleanouts in piping at 
changes of direction.


E. Install electrical devices furnished by manufacturer but not specified to be factory mounted.


F. Install piping adjacent to machine to allow service and maintenance.


END OF SECTION 23 8146
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SECTION 23 8239 - UNIT HEATERS


PART 1 - GENERAL


1.1 SUMMARY


A. Section Includes:


1. Cabinet unit heaters.
2. Propeller unit heaters.


1.2 SUBMITTALS


A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and 
accessories for each product indicated.


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


1. Equipment schedules to include rated capacities, furnished specialties, and accessories.


C. Operation and maintenance data.


1.3 QUALITY ASSURANCE


A. 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.


B. ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-
2004, Section 6 - "Heating, Ventilating, and Air-Conditioning."


PART 2 - PRODUCTS


2.1 CABINET UNIT HEATERS


A. Fan:  Direct driven centrifugal with multi-speed permanent split capacitor motor having internal 
overload protection.


B. Electrical Disconnect:


1. Toggle disconnect switch furnished and mounted inside the cabinet.
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C. Heating Coil:  Seamless copper tubes with bonded aluminum fins, hydrostatically tested at 300 
psi.


D. Cabinet:  


1. Exposed units shall be constructed of galvanized steel, 16 gauge front and 20 gauge back 
and sides, with outlet and inlet grille as appropriate. Recessed units shall have 
overlapping cabinet or wall flange on all four corners. Exposed and recessed units shall 
have lockable access door.


a. Finish shall be baked enamel of colors selected by the Architect from the 
manufacturer’s standard decorator colors.


2. Concealed units shall have a discharge duct collar and where return duct is required, a 
return duct collar.


E. Filter: 1”  pleated media throwaway, MERV 7  (Farr 30/30)


F. Controls:  Low voltage transformer, unit on-off power switch, 24v 2-way position ball valve 
and wall mounted thermostat.


G. Manufacturers:  


1. Airtherm.
2. Carrier Corporation.
3. Dunham-Bush, Inc.
4. Trane.
5. Modine (Addendum 1 – 7/31/2023)


2.2 PROPELLER UNIT HEATERS


A. Fan:  Direct driven propeller fan and single speed permanent split capacitor motor with internal 
overload protection.  Units shall have a wire fan guard.


B. Electrical Disconnect:


1. Toggle disconnect switch furnished and mounted on cabinet.


C. Heating Coil:  Seamless copper tubes with bonded aluminum fins, hydrostatically tested at 300 
psi.


D. Cabinet:  Galvanized steel, 18 gauge, with baked enamel finish. Horizontal units shall be 
equipped with adjustable discharge louvers.


E. Controls:  Low voltage transformer, on-off switch, 24v 2-way 2 position ball valve and wall 
mounted thermostat.


F. Manufacturers:  


1. Airtherm.
2. Dunham-Bush
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3. Rittling
4. Modine.
5. Trane.
6. Daikin.


PART 3 - EXECUTION


3.1 INSTALLATION


A. Refer to drawings for arrangement, type, capacity, motor characteristics and other requirements.


B. Install unit heaters to comply with NFPA 90A.


C. Suspend unit heaters, all four corners, from building structure with steel hanger rods and 
auxiliary angles and fastening devices.


D. Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to 
match lighting controls.  Verify location of thermostats and other exposed control sensors with 
Drawings and room details before installation.


E. Wiring between the unit and wall mounted thermostats shall be run in conduit, furnished and 
installed by the HVAC contractor.  See Section 23 0914 “Control Wiring”.


F. Install new filters in each fan-coil unit within two weeks of Substantial Completion.


G.  Install piping adjacent to machine to allow service and maintenance.


END OF SECTION 23 8239
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