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AMENDMENT NO. 1 

 

TO:  ALL VENDORS 

 

FROM: Lana Widener 

 

SUBJECT: USC-IFB-2494-LW 

  MECHANICAL EQUIPMENT FOR USC COKER LIFE SCIENCE BUILDING 

 

DATE: August 21, 2013 

 
  
 

This Amendment No. 1 modifies the Invitation for Bids only in the manner and to the extent as stated 

herein. 

 
ITEM ONE: EXTENDED DEADLINE FOR RECEIPT OF BIDS TO SEPTEMBER 5, 2013, 11:00 AM 

  

ITEM TWO: EXTENDED DEADLINE FOR RECEIPT OF QUESTIONS TO AUGUST 28, 2013, 10:00 AM 

 

ITEM THREE: REPLACE THE ORIGINAL SECTION 15840 – AIR TERMINAL UNITS WITH ATTACHED 

DOCUMENT SECTION 15840 – AIR TERMINAL UNITS 

 

ITEM FOUR:   REPLACE THE ORIGINAL DRAWINGS M2.7 AND M7.1 WITH THE ATTACHED 

DRAWINGS M2.7 AND M7.1 

 
 

   

BIDDER SHALL ACKNOWLEDGE RECEIPT OF AMENDMENT NO. 1 IN THE SPACE 

PROVIDED BELOW AND RETURN IT WITH THEIR BID RESPONSE.  FAILURE TO DO SO 

MAY SUBJECT BID TO REJECTION. 

 

_____________________________    ______________________________ 

Authorized Signature      Firm 

 

 

_____________________________ 

Date  



SECTION 15840 � AIR TERMINAL UNITS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Terminal units.

B. Electronic Airflow Control Valves

1.02 RELATED REQUIREMENTS

A. Section 15065 ) Motors for Mechanical Equipment.

B. Section 15182 ) Hydronic Piping:  Connections to heating coils.

C. Section 15183 ) Hydronic Specialties:  Connections to heating coils.

D. Section 15810 ) Ducts.

E. Section 15820 ) Duct Accessories.

F. Section 15850 ) Air Outlets and Inlets.

G. Section 15928 ) Instruments and Control Elements:  Thermostats and Actuators.

1.03 SUBMITTALS

A. See Section 01300 ) Administrative Requirements for submittal procedures.

B. Product Data:  Provide data indicating configuration, general assembly, and materials used 
in fabrication.  Include catalog performance ratings that indicate air flow, static pressure, 

and NC designation.  Include electrical characteristics and connection requirements.

C. Shop Drawings:  Indicate configuration, general assembly, and materials used in 

fabrication, and electrical characteristics and connection requirements.
1. Include schedules listing discharge and radiated sound power level for each of second 

through sixth octave bands at inlet static pressures of 1 to 4 inch wg.

D. Project Record Documents:  Record actual locations of units.

E. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating 
instructions, maintenance and repair data, and parts lists.  Include directions for resetting 
constant volume regulators.

F. Warranty:  Submit manufacturer warranty and ensure forms have been completed in 

Owner's name and registered with manufacturer.

G. Operation and Maintenance Manuals:  Include in manuals the information listed below.  For 

information on how to prepare and submit manuals see section 1780 (Closeout Submittals).
1. Spare parts lists
2. Operating instructions

3. Maintenance instructions, including preventative and corrective maintenance.
4. Copies of warranties
5. Wiring diagrams

6. Shop drawings and product data

1.04 WARRANTY
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A. See Section 01780 ) Closeout Submittals, for additional warranty requirements.

B. Provide five year manufacturer warranty for air terminal units.

PART 2  PRODUCTS

2.01 AIR TERMINAL UNITS

A. MANUFACTURERS
1. Carrier
2. Enviro)Tec

3. JCI
4. Trane
5. Price

6. Titus
7. Metal Aire
8. Nailor

B. Refer to schedules for model and type terminal unit specified.

C. Hot Water Heating Coil:
1. Construction:  1/2 inch copper tube mechanically expanded into aluminum plate fins, 

leak tested under water to 200 psig pressure, factory installed.

D. Automatic Damper Operator:

1. Electric Actuator:  24 volt with high limit.

2.02 ELECTRONIC AIRFLOW CONTROL VALVE

A. Manufacturers
1. Phoenix Controls

2. Other acceptable manufacturer's that meet specification

B. General

1. The airflow control device shall be a venturi valve. 
2. The valve assembly manufacturer's Quality Management System shall be registered to 

ISO 9001:2008.

3. The airflow control device shall be pressure independent over its specified differential 
static pressure operating range. An integral pressure independent assembly shall 
respond and maintain specific airflow within one second of a change in duct static 

pressure irrespective of the magnitude of pressure and/or flow change or quantity of 
airflow controllers on a manifolded system.

4. The airflow control device shall maintain accuracy within ±5% of signal over an airflow 
turndown range of no less than:
a. Standard Valve Body Type

1) Up to 1000 CFM ) 20 to 1
2) Up to 1500 CFM ) 16 to 1
3) Up to 2500 CFM ) 12 to 1

b. Shut)off Valve Body Type
1) Up to 850 CFM ) 17 to 1
2) Up to 1300 CFM ) 14 to 1

3) Up to 1600 CFM ) 8 to 1
5. No minimum entrance or exit straight length of duct shall be required to ensure 
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accuracy and/or pressure independence.
6. The airflow control device shall maintain pressure independence regardless of loss of 

power. 
7. The airflow control device shall be constructed of one of the following four types:

a. Class A)The airflow control device for non)corrosive airstreams, such as supply 

and general exhaust, shall be constructed of 16)gauge aluminum. The device's 
shaft and internal “S” link shall be made of 316 stainless steel. The shaft support 
brackets shall be made of galvaneal (non shutoff valves) or 316 stainless steel 

(shutoff valves). The pivot arm shall be made of aluminum (for non shutoff valves) 
and 303/304 stainless (for shut off valves). The pressure independent springs shall 
be a spring)grade stainless steel. All shaft bearing surfaces shall be made of a PP 

(polypropylene) or PPS (polyphenylene sulfide) composite. Sound attenuating 
devices used in conjunction with general exhaust or supply airflow control devices 

shall be constructed using 24 gauge galvanized steel or other suitable material used 
in standard duct construction. No sound absorptive materials of any kind shall be 
used.

b. Class B)The airflow control device for corrosive airstreams, such as fume hoods 
and biosafety cabinets, shall have a baked)on, corrosion)resistant phenolic coating. 
The device's shaft shall be made of 316 stainless steel with a Teflon coating. The 

shaft support brackets shall be made of 316 stainless steel. The pivot arm and 
internal “S” link shall be made of 316 or 303 stainless steel. The pressure 
independent springs shall be a spring)grade stainless steel. The internal nuts, bolts 

and rivets shall be stainless steel. All shaft bearing surfaces shall be made of PP 
(polypropylene) or PPS (polyphenylene sulfide) composite.

8. Actuation
a. A standard)speed electric actuator shall be used to modulate the airflow over the 

range of the specific valve size. The maximum time to modulate from minimum to 

maximum flow shall be less than 60 seconds for standard valves and 90 seconds 
for shut)off valves. A UL or CSA listed electronic actuator shall be factory 
mounted to the valve. The actuator shall have sufficient torque to modulate the 

airflow against the maximum duct static pressure (within product specifications). 
9.  The control valves shall integrate with the BMS.
10.  Certification

a. Each airflow control device shall be factory characterized to the job specific 
airflows as detailed on the plans and specifications using NIST accredited air 

stations and instrumentation having a combined accuracy of no more than ±1% of 
signal (5,000 to 250cfm), ±2% of signal (249 to 100cfm) and ±3% of signal (199 
to 35cfm). Electronic airflow control devices shall be further characterized and 

their accuracy verified to ±5% of signal at a minimum of 48 different airflows 
across the full operating range of the device.

b. Each airflow control device shall be marked with device)specific factory 

characterization data. At a minimum, it should include the room number, tag 
number, serial number, model number, eight)point characterization information 
(for electronic devices), date of manufacture and quality control inspection 

numbers. All information shall be stored by the manufacturer for use with as)built 
documentation.  Characterization data shall be stored indefinitely by the 

manufacturer and backed up off site for catastrophic event recovery.
11. Airflow control devices that are not venturi valves and are airflow measuring devices 

(e.g., pitot tube, flow cross, air bar, orifice ring, vortex shedder, etc.) shall only be 
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acceptable, provided these meet all the performance and construction characteristics as 
stated throughout this specification and: 

a. The airflow control device employs transducers manufactured by Rosemount, 
Bailey, Bristol, or Foxboro. Accuracy shall be no less than ±0.15% of span (to 
equal ±5% of signal with a 15 to 1 turndown) over the appropriate full)scale range, 

including the combined effects of nonlinearity, hysteresis, repeatability, drift over 
a one)year period, and temperature effect. 316L stainless steel materials shall be 
provided for all exhaust applications. The use of 304 stainless steel or aluminum 

materials shall be provided for all supply air applications.
b. Airflow sensors shall be of a multi)point averaging type, 304 stainless steel for all 

supply and general exhaust applications, 316L stainless steel for all fume hood, 

canopy, snorkel, and biosafety cabinet applications. Single point sensors are not 
acceptable.

c. Suppliers of airflow control devices or airflow measuring devices requiring 
minimum duct diameters shall provide revised duct layouts showing the required 
straight duct runs upstream and downstream of these devices. Coordination 

drawings reflecting these changes shall be submitted by the supplier of the LACS. 
In addition, suppliers shall include static pressure loss calculations as part of their 
submittals. All costs to modify the ductwork, increase fan sizes and horsepower 

and all associated electrical changes shall be borne by the control system supplier.

C. EXHAUST AND SUPPLY AIRFLOW DEVICE CONTROLLER

1. One controller shall be provided for both the supply airflow control device and the 
corresponding exhaust airflow control device. The controller shall be a 
microprocessor)based design and use closed)loop control to linearly regulate airflow 

based on a digital control signal. The device shall generate a digital feedback signal that 
represents its airflow. 

2. In flow tracking applications where an exhaust device and or a return device is tracking 
a supply device, flow data for each device (up to 3 valves total) shall be downloaded to 
the controller in the factory. 

3. The airflow control device shall store its control algorithms in non)volatile, rewritable 
memory. The device shall be able to stand alone or to be networked with other 
room)level digital airflow control devices through an industry standard protocol. 

4. Room)level flow tracking control functions shall be embedded in and executed by one 
controller mounted on one of the airflow devices. 

5. The room)level control network shall communicate by using BACnet® MS/TP 

protocol. The control device must meet the requirements of a BACnet Application 
Specific Controller (B)ASC Level Device), and be a BACnet Testing Laboratories 

(BTL) certified device.
6. The airflow control device shall use industry standard 24 VAC power. 
7. The airflow control device shall have provisions to connect a notebook PC 

commissioning tool and every node on the network shall be accessible from any point 
in the system. 

8. The airflow control device shall include inputs with 10)bit resolution that accept 10K 

thermistors, 0)10 VDC, 0)5 VDC, 0)20 mA and dry contact signals. Controller shall 
include binary and analog outputs on board. Analog outputs shall be 5 VDC, 0)10 
VDC, 2)10 VDC, or 0)20mA. Software shall include scaling features for analog 

outputs. Controller shall include a 24 Vdc voltage supply for use as power supply to 
external sensors.
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9. Controller shall also include support for interface with digital display which allows 
display and modification of controller set point variables.

D. Temperature Controller
1. For zones with constant volume (CV) venturi valves that require hydronic reheat 

control, provide a low)voltage and microprocessor)based zoning thermostat)controller 
capable of (Select: three point floating or 0)10Vdc analog control). The 
thermostat)controller shall operate in a stand)alone mode and be capable of BACnet 

MSTP communications.
a. Thermostat)controller shall be pre)programmed, containing all required I/O to 

accomplish local HVAC temperature control for heating with reheat.

b. Thermostat)controller shall be provided with two (2) floating or two (2) analog 
proportional)integral control outputs. Thermostat)controller shall have integrated 

changeover function, which will allow seamless switching between cooling and 
heating mode based upon temperature or a network value input. 

c. Thermostat)controller shall achieve accurate temperature control using a PI 

proportional)integral algorithm. Differential)based thermostat)controllers are not 
acceptable. Thermostat)controller shall have an adjustable deadband. 

d. Thermostat)controller shall have an on)board 10K NTC thermistor and the 

capability for a remote temperature sensor that will replace the on)board 
temperature sensor.

e. Thermostat)controller shall be capable of local or remote override during 

unoccupied mode. The thermostat)controller shall resume occupied setpoints and 
will revert back to unoccupied setpoints after a set time adjustable from 0 to 24 
hours. Thermostat)controller shall also have configurable temporary or permanent 

local override setpoints. When the “temporary setpoints” mode is enabled, once 
the temporary occupancy timer expires, the setpoints will revert back to their 

default values. Thermostat)controller shall have adjustable local unoccupied 
heating and cooling setpoint limits as well as maximum heating and minimum 
cooling limits.

f. Thermostat)controller shall also provide; (2) additional configurable inputs for 
remote night setback, occupancy sensing, door contact, remote override, or filter 
alarm as required. (1) additional configurable input for dry contact or analog 

sensor changeover, or for other temperature sensor monitoring as required. (1) 
configurable auxiliary output to be used for heating or local digital output. 

g. Thermostat)controller shall be equipped with 2)line, 16)character LCD dual 

intensity backlit display with two status LEDs for heating or cooling mode, and be 
capable of displaying temperatures in Celsius or Fahrenheit. 

h. Thermostat)controller shall utilize EEPROM memory to back up local 
configuration parameters in the event of power failure. Thermostat)controllers 
requiring batteries, or have no provisions for retention during loss of power shall 

not be acceptable.
i. Thermostat)controller shall have (4) adjustable keypad lockout levels limiting 

access to changes of occupied and unoccupied setpoints.

E. OPERATION SEQUENCES
1. Room Volumetric Offset Control

a. The airflow control system shall control supply and exhaust airflow devices in 
order to maintain a volumetric offset (either positive or negative). Offset shall be 

maintained regardless of any change in flow or static pressure. The offset 
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represents the air volume that enters or exits the room from the corridor or adjacent 
spaces.

b. The airflow control system shall maintain the fixed volumetric offset as the supply 
and exhaust venturi valves increase or decrease flow to meet temperature, 
occupancy, or ACH demands.

c. The offset control algorithm shall sum the flow values of all supply and exhaust 
airflow devices and command appropriate controlled devices to new set points to 
maintain the desired offset. This offset shall be adjustable from the BMS or locally 

through commissioning software installed on a laptop computer.
d. The offset control algorithm shall consider non)networked airflow control devices 

that consist of supply and exhaust flow devices that provide an analog signal 

scaled to reflect actual flow and any number of constant volume devices where the 
total of the supply and exhaust devices or may be included in the offset control 

algorithm.
2. Space Temperature Control

a. The airflow control system shall regulate the space temperature through a 

simultaneous combination of programmable volumetric thermal override and 
control of reheat coils and/or staged or simultaneous auxiliary temperature control 
devices. The controller shall calculate separate cooling and heating set points 

based on a single writable set point from the BMS, with the option of a local set 
point offset adjustment.

b. Temperature control shall be implemented through the use of independent primary 

cooling and heating control functions, as well as an auxiliary temperature control 
function, which may be used for either supplemental cooling or heating. Cooling 

shall be provided as a function of thermal override of conditioned air with the 
supply and exhaust airflow devices responding simultaneously to maintain the 
desired offset. Heating shall be provided through either modulating or floating 

point control actuator of a properly sized control valve connected to the selected 
reheat coil.

3. Occupancy Override Control 

a. The airflow control system shall have the ability to change the minimum 
ventilation and/or temperature control set points, based on the occupied state, to 
reduce energy consumption when the space is not occupied. Two occupancy 

modes shall be available: occupied and unoccupied. The occupancy state may be 
set by either the BMS as a scheduled event or a local override button that allows a 

user to set the space to occupied for a predetermined interval. The local timed 
bypass button (located on the wall mounted temp sensor) or the override contact 
shall be given priority over the BMS command.

4. Emergency Mode Control (Alternate Flow Control)
a. The airflow control system shall provide a means in conjunction with a BMS 

supervisory controller of overriding temperature and pressurization control in 

response to a command indicating an emergency condition exists, and airflow 
control devices are to be driven to a specific flow set point. The system shall 
support up to four emergency control modes. The emergency control modes may 

be initiated either by a local contact input or BMS command. Once an emergency 
mode is invoked, pressurization (offset) and temperature control are overridden for 

the period that the mode is active. Emergency modes shall have a priority scheme 
allowing a more critical mode to override a previously set condition.

5. Humidity Control
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a. The airflow control system shall have an optional embedded humidity control 
function, which allows the monitoring and control of the relative humidity level in 

the pressurized zone. The airflow devices shall have the ability to monitor the 
relative humidity level of the space and, based on a BMS writeable set point, 
develop a control signal to drive a humidification control circuit. 

6. Shut)off Control
a. The air flow control venturi valves shown on the drawings and schedules as type 

SOV shall be capable of shut off function. Each device shall be capable of 

accepting a digital input to switch the air valves from the set point flow to shut)off 
position using either Pandemic or Emergency modes. These valves shall also be 
capable of network operation and being commanded to shut)off position from the 

BMS.  Feedback shall be available to indicate flow and shut)off. 
7. 3)State Control

a. The airflow control system shall provide a means of controlling a 2 or 3)state local 
exhaust device (e.g. hood, canopy, snorkel). 2)state control can be set for either 
min flow (unoccupied) and max flow (occupied), or off and max flow (normal).  

3)state control can be off, min (unoccupied) and max (normal) flow.
8. LED Control / Alarming

a. The airflow control system shall provide LED notification for 2 or 3)state hoods, 

2)state snorkels or capture hoods (LED provided by others).  Alternatively, when 
not used for LED notification, the LED control can be used for room)level alarm 
indication for spaces such as Operating Rooms (alarm provided by others).

9. Indoor Air Quality (IAQ) Control
a. The airflow control system shall provide a means of dynamically controlling the 

air change per hour (ACH) rate to the space, based on the input from an air quality 
signal (i.e. monitoring system or a maximum of two local sensors). A minimum 
and maximum ACH shall be programmed into the controller and the airflow 

control system shall linearly ramp within these values in response to the air quality 
signal. Proper offset and directional airflow will be maintained at all times.

10. Pandemic Mode Control

a. The airflow control system shall provide a means of receiving a local or network 
command to switch to 100% outside exhaust by closing the return air valve and 
opening the exhaust air valve, change the pressurization (i.e. volumetric offset) of 

the space from neutral to negative or positive and increase the ACH set point.
11. BACnet Multi)Use Inputs

a. In addition to the dedicated inputs for standard control functions, each BACnet 
venturi valve controller shall provide multi)use inputs for the following local 
monitoring or control functions (per the capabilities and limitations shown in 

Section 2.05.A):
1) Discharge Air Sensor
2) Volumetric Cooling Override

3) Occupancy Sensor
4) Humidity Sensor
5) Pressure Monitoring

6) IAQ Sensor
7) Pandemic Switch

8) Emergency Switch
9) Additional Flow Inputs (Supply and Exhaust)
10) Local Offset Selection Switch
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F. BACnet INTERFACE TO BUILDING MANAGEMENT SYSTEMS
1. The airflow control system network shall interface digitally with the BMS via BACnet 

MS/TP. All room)level points shall be available to the BMS for monitoring or trending. 
At a minimum, the airflow controller shall be BACnet Testing Lab (BTL) certified as 
an Application Specific Controller (B)ASC).

PART 3  EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Support units individually from structure.  Do not support from adjacent ductwork.

C. Connect to ductwork in accordance with Section 15810.

3.02 ELECTRONIC AIRFLOW CONTROL VALVES

A. Installation
1. The BMS contractor shall install any required routers and repeaters or supervisory 

controllers in an accessible location in or around the designated critical or non critical 
room.

2. The BMS shall install an appropriately sized and fused 24 Vac transformer suitable for 

NEC Class II wiring.
3. The BMS contractor shall provide all required reheat coil and radiation control valves. 

Actuators shall be proportional or floating point control.
4. All cable and conduit shall be furnished and installed by the BMS contractor. The 

BMS contractor shall terminate and connect all cables as required. The BMS shall 

utilize cables specifically recommended by the airflow controls supplier.
5. The mechanical contractor shall install all airflow control devices in the ductwork and 

connect all airflow control valve linkages.

6. The mechanical contractor shall install any sound attenuating devices provided by the 
airflow controls supplier.

7. The mechanical contractor shall provide and install all reheat coils and duct transitions.

8. The mechanical contractor shall install all reheat and radiation control valves.
9. The mechanical contractor shall provide and install insulation as required.

10. Each pressurization zone shall have either a dedicated, single)phase primary circuit or a 
secondary circuit disconnect.

B. System Start)up and Training
1. System start)up shall be provided by a factory)authorized representative of the airflow 

control system manufacturer. Start)up shall also provide electronic verification of 

airflow, supply, make)up, general exhaust, system programming and integration to 
BMS (when applicable).

2. The balancing contractor shall be responsible for final verification and reporting of all 

airflows.
3. The airflow control system supplier shall furnish a minimum of eight hours of owner 

training by factory trained and certified personnel. The training will provide an 

overview of the job specific airflow control components, verification of initial fume 
hood monitor calibration, general procedures for verifying airflows of air valves and 

general troubleshooting procedures.
4. Operation and maintenance manuals, including as)built wiring diagrams and 
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component lists, shall be provided for each training attendee.

C. CLOSEOUT ACTIVITIES
1. Training

a. The ACS supplier shall furnish a minimum of eight hours of owner training by 

factory trained and certified personnel. The training will provide an overview of 
the job specific airflow control components, general procedures for verifying 
airflows of air valves and general troubleshooting procedures.

b. Operation and maintenance manuals, including as)built wiring diagrams and 
component lists, shall be provided for each training attendee.

2. Maintenance

a. The airflow control valve utilizing flow metering and volumetric offset shall 
require no scheduled maintenance.

b. Systems using airflow management sensors/transducers (e.g., pitot tube, flow 
cross, orifice ring, air bar, hot wire, vortex shedder, side wall sensors, etc.) shall 
provide at no additional cost to the owner during and after the warranty period five 

years of required preventive maintenance on all airflow sensors.  
1) Airflow sensors shall be removed, inspected, and cleaned semi annually 

during the five)year period to prevent inaccuracies due to long)term buildup 

of dust, lint corrosion, wet or sticky particles, or other materials that foul the 
sensors. 

2) If impractical to remove the airflow sensors, the critical airflow control 

system supplier shall include in the proposal the cost of supplying and 
installing duct access doors, one for each sensor, so that they may be cleaned 
in place. 

3) The transducer shall be checked and recalibrated every 6 months to ensure 
long)term accuracy. 

4) Note that auto)zero recalibration of transducers is not acceptable as a 
substitute for semi)annual recalibration.

END OF SECTION
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